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Executive Summary

This report presents the results of the first phase of a program to develop innovative concepts for
a locomotive crew egress system. Current egress equipment, including cab doors and windows,
is adequate for most accidents in which the locomotive remains upright. However, the
equipment has serious limitations in rollover derailment accidents. In these scenarios, viable
egress options for crewmembers are greatly reduced, particularly for injured persons. These
limitations also hamper rescue workers who respond to these accidents by reducing the access to
the cab and the injured crew members inside.

The Phase I effort defined and developed three concepts to improve the crew egress from a
rollover accident. The initial set of concepts included hatches, removable doors, side access
panels, and removable glazing systems. Ease of use, cost, manufacturing considerations, and
other practical issues associated with integrating these concepts into new locomotives were
weighed. From the overall concept list, three were chosen for further development:

1) Hand/footholds to aid climbing inside a toppled locomotive. Anecdotal evidence indicated
that in several rollover accidents, uninjured crewmembers escaped from the cab by climbing up
the consoles and seats to reach the side window on the high side of the locomotive. To aid
crewmembers in climbing out of a toppled locomotive, a hand/foothold system on the cab ceiling
was proposed. If the locomotive were toppled, the hand/foothold could be extended to provide
climbing points to reach the high side of the locomotive. Notionally, the hand/footholds would
be recessed into the cab ceiling in normal operation, and would be deployed by the crew in the
event of an emergency.

2) Roof-mounted escape hatch. Many transportation vehicles, in particular transit and school
buses, have a roof hatch as an emergency exit. A roof-mounted hatch could provide a means of
crew egress and would be of particular value in the event of a toppled locomotive. The clear
opening of the hatch must be of adequate size to allow easy egress by crewmembers. The hatch
must also be sized such that rescue personnel in heavy gear could access the cab, as well as
remove an injured crewmember on a body board. Opening the hatch must be accomplished by a
single movement that requires little force, and be functional even if the cab is slightly deformed.
With regard to exterior access, the hatch should provide easy operation for rescue personnel
while not encouraging unauthorized use.

3) Externally removable windshield. To facilitate access for rescue workers, a removable
windshield panel was proposed. The approach utilized a cutting cable to sever the windshield
gasket, providing easier access from outside the cab. The commonality of windshield gasket
design allows this concept to be adapted to various windshield configurations. The changes
required to make the windshield removable by the crew from inside the cab, however, would be
too costly to implement. This is driven by the structural requirements of the windshield, as it is
designed to withstand the high loads associated with frontal impact.

Review of Concepts

As the potential users of the egress equipment, train crews and emergency rescue workers were
interviewed to provide feedback on the design concepts. Focus group interviews with locomotive



engineers and conductors provided a forum to gather information about train crew perceptions of
the three proposed locomotive egress designs.

Overall participants viewed the hatch concept as a significant improvement in cab egress.
Several participants suggested that the design be such that the hatch falls out upon release, like
an airplane’s emergency exit. When asked which design provided the quickest escape for the
crew, they unanimously agreed on the roof hatch. Similarly, participants unanimously agreed
that the hatch would provide the quickest access for rescue workers.

Interviews with rescue personnel also provided insight to the basic problem of a locomotive
rollover. Two major issues pertaining to rescue personnel facing a locomotive accident were
identified: ease of access and personnel safety. Compared to current procedures, the hatch
would make it much easier to get into the locomotive cab and rescue an injured person. The
removable windshield was also viewed favorably by the rescue personnel. Safety issues related
to the size of the opening, the ability of the personnel to access the cab in normal protective
equipment, and the location of hazards in the cab such as electrical and air lines. In general, the
rescue workers expressed a lack of specific knowledge of locomotive systems, and the need for
training materials to improve preparation for accident response.

Revision and Evaluation of Concepts

The user feedback led to several changes to the basic concepts. The hatch was redesigned to fall
away from the roof when opened. The hand/footholds became an accessory to the hatch, rather
than a stand alone system. To be a viable egress option, the removable windshield would have to
be usable from the cab interior.

Construction of a system mockup facilitated evaluating the overall concept. A full-sized
locomotive cab, with an integrated hatch and hand/foothold system was constructed. The
mockup is a wood-framed, plywood-sheathed structure representing a “generic” freight
locomotive cab, using dimensions common to both GE and EMD road locomotives currently in
service. The mockup was oriented to represent a toppled locomotive for egress evaluation.

The utility of the egress system was evaluated by two test subjects representing a likely range of
personnel working as crew in locomotives. Neither of the subjects was familiar with locomotive
equipment or operations. Both were able to exit the toppled cab utilizing the hatch in 30 s or less
with little or no instruction. Two brief simulations of injured crewmembers were also attempted,
with the test subject able to egress the cab without full mobility.

The present development of the hatch system design is not sufficiently detailed to allow for an
in-depth analysis of its likely cost. However, a preliminary study identified the cost implications
of several aspects of the design. These issues relate to the initial engineering rather than the
recurring component costs in manufacturing. As such, it is believed that the overall cost for
implementing the hatch in new locomotives will be low.

The results of this study suggest areas for future research relative to improved egress for
locomotive crews. These include refining the design of the roof hatch into a manufactureable
device, re-evaluation and development of the secondary egress options such as the internally
removable windshield, and development of training aids for emergency personnel on locomotive
accidents and rescue procedure.



1 Introduction

1.1 Background

Improving the survivability of a locomotive crew in the event of an accident has been a concern
of the Federal Railroad Administration (FRA) in the past decade. The Rail Safety Enforcement
and Review Act, passed by Congress in 1992, required the FRA to conduct an inquiry into
locomotive crashworthiness and the safety effects of cab working conditions on productivity. In
response to this mandate, the FRA undertook a comprehensive study of many aspects of
locomotive crashworthiness (FRA, 1996). While the focus of this study was not specifically on
emergency egress, the FRA’s Locomotive Crashworthiness and Cab Working Conditions Report
to Congress did note that, “Implementation of a crash survivability strategy should include
consideration of an optional egress path in the roof of the cab to be used as an emergency exit.”
The FRA emphasized in this report that the acceptance of any improvements by locomotive
crews should be considered in future research on proposed crashworthiness concepts.

Locomotive crashes can injure the crew as well as deform the locomotive cab. Exiting from a
deformed cab can be difficult, particularly for injured crewmembers. If the locomotive is
toppled, egress is even more challenging with current cab configurations. Fortunately this type
of accident does not occur frequently, since its consequences can be significant. For example, a
relatively recent accident in Carlisle, OH on 17 February 2001 caused the locomotive to topple.
Figure 1 shows the position of the locomotive after this crash. Rescue workers could not readily
enter the cab and one crewmember died as a result of the accident.

Figure 1. Aftermath of Accident in Carlisle, OH



In 2000, the FRA initiated a preliminary study of existing cab egress issues (Kokkins, 2002).
The objectives of this study were to survey, identify and evaluate many aspects of current
locomotive design and operation that affect crew egress or access by rescuers after an accident.
This work included a broad survey of current egress and survivability issues and identified many
opportunities for improvements. One area that the study identified as requiring improvement
was equipment related to egress routes for crewmembers following an accident. This equipment
could include doors, windows and other access points such as hatches, windshields and
removable panels. The work described in this report builds on the preliminary study and focuses
on the development of these types of egress systems.

1.2 Objectives

The purpose of the research described in this report was to evaluate locomotive cab egress/access
equipment currently available in modern freight locomotives and to investigate modifications
that will lead to improved survivability. The project had the following goals:

e Assemble data and information on currently available egress-related equipment.

e Identify and examine specific design improvements that will provide improved
emergency egress.

e Determine required changes in locomotive cab structure to accommodate the candidate
improvement concepts.

e Develop engineering designs for the innovative concept that provides the greatest
enhancement to available egress routes.

e Demonstrate the selected concept via a full-size laboratory cab mockup.

1.3 Overall Approach

Figure 2 illustrates the overall approach to the design and development of an innovative egress
concept. This project began with an assessment of current egress equipment, building on the
information gathered in the initial study described above. The development of preliminary
design concepts grew from an understanding of existing locomotives and their egress features.
User acceptance will be key to future acceptance of any egress concept. Focus groups with train
crews and interviews with emergency responders provided feedback on the designs, thus
assuring that the design addresses all features and concerns of the likely users of the device or
system. This feedback allowed the final design and mockup construction phases to focus on the
concept most preferred by the users. The process of developing new concepts and reviewing
them with train crews also identified additional areas where cab egress can be enhanced with
further research.

1.4 Scope

The scope of this research was limited to road freight locomotives. While the egress concepts
explored in this effort can potentially be incorporated into passenger and switching locomotives,
the structural design considerations will differ for each type of locomotive. Since crew egress
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Figure 2. Overall Approach

from a toppled locomotive is the most challenging situation, the present study focused on this
scenario. Egress options, in terms of door and windows, already exist when the locomotive is
upright. The mockup, although operable, is intended to illustrate an egress concept. It is not
intended as a working mechanical prototype.

1.5 Organization of the Report

Section 2 provides an inventory of existing egress equipment and ergonomic standards that apply
to any means of egress. Section 3 describes the development of three preliminary egress
concepts and Section 4 presents user feedback on these concepts. Modification of the
preliminary concepts, based on user feedback, is described in Section 5. Section 6 describes the
construction of the locomotive cab mockup that incorporates the preferred egress system and
presents the results of a preliminary functional evaluation. Recommendations for future cab
egress research are in Section 7.






2 Inventory of Current Egress and Emergency Rescue Equipment

A previous study investigated the current configuration of locomotive cabs in terms of
emergency egress (Kokkins, 2000). This investigation identified several areas including doors
and windows as basic means of egress in the event of an accident or emergency. At the onset of
the current program, this data was reviewed. Additional data was collected for not only current
egress options but also emergency rescue equipment that is used to rescue locomotive
crewmembers following a crash. This section provides a summary of the findings of this data
collection effort as well as ergonomic design standards relevant to egress devices.

2.1 Side Windows

The basic side window configurations used in locomotives were reviewed from the previous
egress study. In addition, some additional investigations were done to determine the status of
any new systems being developed by window manufacturers. Finally, a series of windows were
studied and measured at the CSX repair facility in Allston, MA. This provided a firsthand view
of the various window configurations.

Side windows currently in use fall into two basic configurations — single slider and double slider.
The single slider version is shown in Figure 3, as installed in a GE AC6000. The double slider is
shown in Figure 4, as installed in an EMD SD60. Both configurations are available from the
major window manufacturers. The clear opening of these windows varies from manufacturer to
manufacturer, but measurements indicate that the maximum opening of both single and double
sliding windows is large enough to provide an egress route for a 95" percentile male
crewmember.

Figure 3. Single Sliding Side Window in GE AC6000 Locomotive



Figure 4. Double Sliding Side Window in EMD SD-60 Locomotive

Currently, there is only one side window designed specifically as an emergency egress device.
This window is manufactured by R. E. Jackson for use in the F59-PHI Passenger Locomotive
cab. An example of this window is shown in Figure 5. Although developed for passenger rail
use, the design of this unit could be adapted for use in freight locomotives if required.

Figure 5. Removable Side Window for F59-PHI Locomeotive by R. E. Jackson, Co.



2.2 Doors

Doorways in the locomotive cab are the common access routes for railroad personnel. As such,
they are also the most obvious means of egress in the event of an accident. Door sizes range
from 18 in to 23 in wide and 58 in to 72 in tall, depending on location. Given these dimensions,
some of these doors are too small for a large segment of the train crewmembers to utilize
comfortably even in normal operating situations. The viability of using these doors in an
emergency is questionable, depending on the orientation of the cab and physical condition of the
Crew.

The crew doors in the nose of the locomotive hinge in opposite directions, with both doors
opening outwards. Although there is adequate space between the doors so that both could be
open at the same time, for a toppled locomotive, one would always tend to close due to gravity,
which would limit access and egress. The inner door, shown in Figure 6, lies on the centerline of
the cab. The outer-most door, shown in Figure 7, is off-center. For this reason, the path to the
cab is not straight. In addition, the outer-most door is not rectangular. There is a corner cut
above the hinge (right side as facing the locomotive), so that the full height varies from 64 in to
59 in. The door is only 23 in wide. The inner door is rectangular, 69 in tall and 22 in wide.

Figure 6. Inner Nose Door to Locomotive Cab (GE CW40-8)



Figure 7. Outer Nose Door to Locomotive Cab (GE CW40-8)

The rear door is a narrow, angled door, as shown in Figure 8. The configuration is similar to the
outer-most door in the nose. The height varies from 68 in at the hinge side to 73 in towards the
centerline of the cab. The door is only 18 in wide. For a toppled locomotive, this is not the best
egress route. If the door were on the grounded side, the crew would have to crawl out under the
locomotive to escape through this door. If the door were on the high side, the hinge orientation
would tend to have this door fall closed.

2.3 Windshields

Typically, a freight locomotive windshield is constructed of two rectangular pieces of glazing
fitted into the structural frame of the cab. In general, there is one piece of glazing on either side
of the cab centerline, each measuring 51 in wide and 17 to 18 in tall. A typical windshield is
shown in Figure 9. In locomotives manufactured by EMD, the windshield has a triangular
extension along the lower outside edge to improve visibility along the track. A typical EMD
windshield is shown in Figure 10. Impact requirements set in 49 C.F.R. § 233, Appendix A
dictate that the glazing and frame must withstand the equivalent of a 24-1b concrete block
traveling at 44 ft/s. For a typical road locomotive, the impact energy is on the order of 360 ft-1b.
To meet this impact requirement, the glazing is typically 5/8 to 9/16 in thick laminated glass.
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Figure 8. Rear Door of Locomotive Cab (GE AC6000)

Figure 9. Typical Locomotive Windshield (GE AC6000)
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Figure 10. Typical EMD Windshield (EMD SD-60)

Structurally, the windshield is installed directly into the cab frame. In both GE and EMD cabs
the windshield frame itself is a formed “J” channel of 0.09 in thick steel, welded into the cab
body. A rubber gasket is used to hold the glazing into the frame. The inner edge of the J-
channel extends approximately 1 in further into the opening than the outer edge. The extended
inner channel edge provides structural support to the gasket and glazing against frontal impact
loads as described above. The lowered outer channel edge provides clearance for inserting the
glazing. A typical windshield frame is shown in Figure 11. The glazing and gasket are installed
directly into the frame during assembly. A schematic of this assembly is shown in Figure 12.
The gasket is pushed into the channel to provide a weather seal to the frame. Shims are installed
to insure that the glazing is centered properly in the gasket. A locking rib in the gasket is then
pushed into place to secure the glazing and provide a seal to the glass.

2.4 Hatches

Although there are no hatches currently in use in road locomotives, the inclusion of one in future
designs is an option. As such, hatches used in other applications were investigated. Many
transportation vehicles utilize roof hatches for different purposes. As part of this study, bus,
plane and boat hatches were considered. An additional hatch, used as part of a subway escape
system was also reviewed.

2.4.1 Passenger Rail Equipment

In searching current systems for a hatch being used in railroad operations, only one hatch was
found. This hatch provides access to the roof pantographs on the Acela Regional and Acela
Express power cars currently in Northeast Corridor service for Amtrak. The hatch is located at
the rear of the power car. These hatches have an integrated locking system that holds down the
pantographs prior to unlatching the hatch cover. An interior view of this hatch is shown in
Figure 13.
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Figure 11. Windshield Framing “J” Channel (EMD SD-70)

The ladder shown in the photograph locks into the hatchway to provide access to the car roof.
Given the level of effort associated with using this hatch/ladder system, it was not considered as
a viable egress route in the event of an accident.

2.4.2 Buses

Typically, transit and school buses have roof hatches for use in emergencies. Most of these
hatches are dual-use, allowing them to be used as vents in normal operation and fully opened for
egress in emergency situations. Many hatches also provide exterior access to the latching
mechanism for rescue personnel. Transit buses can only be opened from the inside. An example
of a bus hatch is shown in Figure 14. The primary components are molded, high-impact plastic.

The venting mechanism seen in Figure 14 would be considered unnecessary for the locomotive
cab, but the size seems applicable for railroad use. Other aspects of the design including
materials, hinging, latching and sealing might also be adaptable, depending on the environmental
assessment in the locomotive cab. The general size and shape of the opening does provide ample
opening for egress.

13



FRA Type |
Windshield

EPDM Rubber

Gasket
Folding Tab for
Holding Windshield L
Shims
(spacers)

\.. : “—— Cab Interior
Cab Exteror—/I J" Channel Wall

Wall

Figure 12. Typical Windshield Gasket Installation (EMD)

Figure 13. Pantograph Access Hatch in Amtrak Acela Express Power Car
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Figure 14. Transit Bus Hatch with Venting Hinge (Transpec)

2.4.3 Airplanes

Airplanes have utilized hatches for egress and access for more than 50 years. Typical access
hatches are hinged openings providing space for crewmembers to enter and exit. Escape hatches
are typically designed to fall away, providing a maximum opening. In the case of high-
performance jet aircraft, these hatches are usually opened pyrotechnically. The explosive
mechanism for ejecting these hatches is not suitable for railroad use.

2.4.4 Boats

In terms of retrofit and usability, boat hatches were considered impractical for railroad usage.
Typically, the boat hatches were circular in shape and not considered conducive to the
locomotive roof support structure. However, several designs of boat hatches were studied. Due
to the harsh environment to which these hatches are exposed, they were considered for examples
of latching and sealing mechanisms. Some aspects of these designs were applicable to the
railroad application, but most would require extensive modifications to meet the desired
structural requirements and cost targets.

2.4.5 Subway Tunnel Hatches

The Massachusetts Bay Transit Authority (MBTA) subway rail lines employ hatches as a part of
their normal emergency equipment for the MBTA. They are located at the end of escape routes
from the underground rail lines. Figure 15 shows an example of this hatch.

15



Figure 15. Sidewalk Hatch for Subway System, Boston, MA

The escape routes lead to stairways that provide passengers access to street level. The stairways
terminate at an emergency hatch in the sidewalk. These hatches are 3 x 5-ft steel doors held
flush to the sidewalk surface. The door is quite heavy, and is counter-balanced for operation by
a single person. This device was designed to be very easy to operate in the dark by an injured
person. It is also accessible from the street side by rescue personnel and provides a large access
port when open. Although too large to be practical for use in the locomotive cab, the hatch
arrangement did provide insight into methods of latching, releasing, and securing a hatch from
vandalism while still providing easy access for both passengers and rescue personnel.

2.5 Assessment of Current Options

None of the existing egress options appears satisfactory in the event of a rollover. The windows
may be an option when the locomotive remains upright, but an injured crewmember would have
difficulty exiting via the window. Emergency rescue workers could fit a body board through
existing windows but maneuvering the body board with an injured person would be difficult. In
general, the size of most windows makes them not well suited for external rescue. The
removable window does provide a larger opening but it must be actuated from the interior and as
such it does not solve the problem of access from the exterior. If all crewmembers are injured
and unable to release the window, it does not improve the egress situation.

Doors are not a viable egress route in the event of a rollover. The position of the two front doors
limits access for rescuers with a body board. The rear door will only be accessible if the
locomotive rolls to the opposite side. There is also the risk that the crash could deform the door
frame, making the doors inoperable.

The windshield is the largest single opening accessible in a rollover. However, the windshield is
virtually unbreakable by a crewmember and therefore does not offer an egress option to the
crewmembers. Emergency rescue workers could likely break the windshield, but breaking the
glass brings the risk of injuring the crew.
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2.6 Ergonomic Design Criteria

To insure that any design implemented into railroad use would be both functional and practical,
several references were consulted to determine the standards currently in use for hatches. The
documents studied included U.S. military, U.S. civilian, and European transit standards. Where
applicable, the basis for sizing was also noted, particularly for Mil-Spec requirements on
clothing type and body size.

2.6.1 Size

The size of the opening is important when considering doors, windows, windshields, or hatches
for emergency use. The most extensive information on hatch size standards is available from the
U.S. Department of Defense. European and other transportation hatch standards were also
reviewed. When applied to the proposed solution of a locomotive roof hatch, other factors were
included. Most notably, the ability of rescue workers to access the cab in an emergency was
considered as important. For that reason, clothing and gear typically worn by fire and rescue
personnel, as well as typical rescue equipment were also taken into consideration when assessing
size requirements. Table 1 shows the recommended size ranges for hatch openings.

Table 1. Applicable Hatch Standards

Size
Standard (in) Additional information
49 C.F.R. § 238.441 18 x 24 High speed passenger rail
European Specs for safety 23 x 31
Federal Motor Vehicle Safety 16 x 16 For school bus
Standard (FMVSS) 217
MIL-STD-1427F 13x23 Top and bottom access, light clothing

16 x 27 Top and bottom access, bulky clothing
26 x 30 Side access, light clothing
29 x 34 Side access, bulky clothing

2.6.2 Engagement/Deployment

Handle shape and operation were considered for the hatch design. Most of the basic standards
available relate to U.S. military requirements for ease of use. However, these requirements
assume an able-bodied user. In the case of the locomotive hatch, it is assumed that an accident in
which the hatch would be needed for escape would likely cause injury to the crew to some
degree. For that reason, the U.S. military specifications were taken as a guideline rather than a
firm requirement. The basic criteria for opening the hatch were determined to be: ease of
operation by an injured crewmember; impervious to jamming, even in the event of a wreck; and
resistant to accidental opening.
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2.6.3 Hand/Footholds

To assist the crew in reaching the hatch opening, it was determined that a set of hand/footholds
should be set into the ceiling. These could be recessed in normal use, and deployed to aid in
reaching the side window or roof hatch if the locomotive was toppled. A number of applicable
standards for handholds, ladders, and other climbing aids were reviewed. For railroad specific
information, the main reference was 49 C.F.R. § 238, which contains specifications for
handholds on different types of rail cars. Additionally, U.S. military and Occupational Safety
and Health Administration (OSHA) requirements for ladders were reviewed. For handholds, the
minimum diameter was generally 5/8 in, with a minimum length of 16 in and 2.5 in of clearance
(preferred). Table 2 is a summary of the 49 C.F.R. § 238 specifications for handholds and grab
irons.

Table 2. Applicable Handhold Standards

Minimum Minimum Clear Minimum
Diameter Length Clearance
Type of handhold (in) (in) (in)
Side - Box and other 5/8 16 2
House cars 24 preferred 2.5 preferred
36 Caboose
Side — Passenger Cars 5/8 16 1.25
24 preferred 1.5 preferred
Horizontal End 5/8 18 2
24 preferred 2.5 preferred
End - Passenger car 5/8 16 2
2.5 preferred
Side — Steam Locomotives 5/8—horizontal 16 2

7/8-vertical 2.5 preferred

Ladder rung sizes vary based on the application and required standard. Rung diameter may vary
from % in to 1% in in diameter, depending on the type and arrangement of the ladder. OSHA
standards given in 29 C.F.R. § 1926.1053 provide a wide range of specifications for various
ladder types. Typically, rungs may be spaced between 10 and 18 in apart with the width of the
rungs being a minimum of 11% in. Ladder specifications provided in MIL-STD-1472 are similar
in sizing and spacing.

2.7 Emergency Responder Equipment

For accidents that might result in a rollover, it was assumed that firefighters or other rescue
personnel would eventually respond to the scene. For this reason, the typical equipment used by
emergency responders was reviewed. The equipment would affect the overall suitablity of the
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roof hatch as an access point, depending on the circumstances. The clear opening of the hatch
and windows would need to be sized such that rescue personnel in heavy gear could access the
cab. The typical tools available would also affect the ability of the rescue crews to open the
hatch from the outside. Opening size and configuration would also determine the feasibility of
using stretchers, body boards, or other equipment.

2.7.1 Gear

Clothing and breathing apparatus worn by rescue personnel, particularly firefighters, is intended
to protect them from the hazards of their environment. Its bulk and weight, however, can limit
their ability to perform certain functions. To better understand the implications of this
equipment, typical fire fighting gear was reviewed and measured. In doing so, it would allow
designers to determine the utility of hatch openings when approached by rescue personnel. An
example of firefighters’ clothing is shown in Figure 16.

Figure 16. Typical Firefighter’s Gear

The jacket and trousers are fire resistant and very bulky. The boots are similar in size and
construction to heavy-duty work boots. In general, the bulk of these items would have an impact
on access through a window opening or hatch. However, since they are worn close to the body,
the overall impact would be small.

The helmet shown in Figure 16 is made of hard leather and has a clear plastic face shield. It has
a brim that extends approximately 2 in around the front and sides and about 4 in in the back.
This style of helmet is still typical in certain parts of the country, but most fire departments are
shifting to helmets constructed of Kevlar and high-impact plastic. The brim would likely have
an impact when entering a confined space, but again, this impact may not be that great.
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The breathing apparatus would likely provide the largest impediment to entry through a small
opening. This is mainly due to the size of the oxygen tank. Typically, the tank supplies 30 min
of oxygen. The high-pressure version of the tank is about 8 in in diameter and 20 in long. The
low-pressure version is approximately 10 in in diameter and 22 in long. There is also a high-
pressure 60-min tank that is the same basic dimensions as the low-pressure 30-min tank. The
tanks are carried in a harness worn on the firefighter’s back. This adds 8 to 10 in of depth to the
body, creating an overall “thickness” of nearly 2 ft. A typical oxygen tank arrangement is shown
in Figure 17.

Lt LA S 2

Figure 17. Breathing Apparatus

2.7.2 Body Boards

Before moving an injured person, firefighters and Emergency Medical Technicians (EMTs) will
immobilize the victim by strapping him/her to a body board. These boards are typically made of
fiberglass and fitted with handholds and tie-down points. Typically, they are 16 in wide and 6 ft
long. Shorter lengths are also available for use in automobile accidents where there is limited
space and victims are in a seated position. Figure 18 contains an example of the longer board.
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Figure 18. Body Board Utilized by Rescue Personnel

2.7.3 Tools

The rescue workers carry various tools that help them access victims in a variety of situations.
One idea for the hatch locking mechanism was to design the lock so that it could be opened from
the outside using a tool that was only common to emergency responders. This would limit the
possible vandalism issue with the unlocked roof hatch. A similar concept is already in place
with the subway tunnel hatches in Boston, MA. As described above, the subway tunnel can only
be opened with a special wrench. The wrench, however, is not common throughout the United
States.

Most fire and rescue crews in the United States utilize the Hurst Rescue Tool, commonly known
as “The-Jaws-of-Life.” Although this tool has been shown to be effective in responding to
railroad accidents, it is not well suited to the non-destructive opening of a roof hatch latch.
However, there are a number of commonly used hand tools that might be used to turn a latching
mechanism, allowing firefighters and rescue personnel to open a hatch while limiting access to
vandals. Two types of pry-bars that would be suitable for this purpose are shown in Figure 19.

The common tool best suited to use with the latching mechanism is known as a Hallagan bar,
shown in Figure 20. This tool was originally developed by a New York City firefighter as a
multi-purpose prying tool. The double tyned end of the bar is well suited to use as a “key” for
turning the exterior handle of the hatch.
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Figure 19. Typical Pry-Bars Carried by Fire and Rescue Crews

Figure 20. Hallagan Bar
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3 Development of Preliminary Design Concepts

Current egress equipment, including doors and windows, is adequate for most accidents in which
the locomotive remains upright. However, these devices have serious limitations in a 90°
rollover. In the event of a toppled locomotive, certain door openings would be blocked or
unreachable and only one window would be accessible. For these reasons, rollover derailment
accidents were the focus of the egress concept development.

Once the target accident case was determined, early concept development for new locomotive
egress systems focussed on two key issues: ease of use and technical viability. Usage issues
included ergonomic and structural aspects of the devices, where viability issues centered on cost
and implementation. All were evaluated for practicality based on both rollover and non-rollover
accidents, but the issues were weighted toward the 90° rollover. Initially, a large number of
concepts were developed, including hatches, removable doors, side access panels, and removable
glazing systems. Many of these concepts were rejected as either impractical or unreasonably
expensive. Three basic concepts were chosen for further development: 1) hand/footholds for use
as a climbing aid, 2) an escape hatch in the cab roof, and 3) a removable windshield. The
following subsections describe each of these concepts.

3.1 Hand/Footholds

Anecdotal evidence indicated that in several rollover accidents, uninjured crewmembers had
escaped from the cab by climbing up the consoles and seats to reach the side window on the high
side of the locomotive. In most cases, an injured crewmember would be unable to accomplish
this climb. To aid crewmembers in climbing out of a toppled locomotive, a hand/foothold
system was proposed. These devices would be placed in the ceiling of the cab to be accessed in
the event of an emergency. In normal operation, they would be flush with the ceiling. If the
locomotive were toppled, the hand/foothold could be extended to provide climbing points to
reach the high side of the locomotive.

The design concept provides for six hand/footholds, spaced approximately 16 in apart. A
possible layout is shown in Figure 21. The hand/footholds would be recessed such that they are
flush with the ceiling in normal operation. Once opened, the series of hand/footholds would act
as a ladder, with each hand/foothold being a single rung. Each rung would be a minimum width
of 12 in wide and would provide 4 in of toe depth. This provides a reasonably comfortable
ladder step for climbing. To meet the basic 49CFR guideline, the rungs would be 1 in in
diameter. Each rung would be designed to support the weight of a 300-1b crewmember, with
overload reserve.

Three design approaches were investigated for deploying the rungs from their recessed position:
swing-out, pull-out, and fold-out. In each case, it was determined that the rung must be usable
regardless of the attitude of the locomotive. In addition, it should provide maximum access to
the upper side of the cab to provide effective egress.

The swing-out rung approach is illustrated in Figure 22. In this approach, the rung is locked into
a ceiling well during normal operation. When needed, the rung can be pivoted outward 90°. The
rung will lock in place to provide climbing support. The well is designed to provide toe
clearance for a boot. Once rotated into position, it would be usable from either direction.
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Figure 21. Cab Ceiling View of Hand/Foothold Layout

Conceptually, the swing-out rung is the simplest of the three approaches. However, it does
require a large amount of ceiling area when folded. In addition, the locking device must be
robust enough to support the entire weight capacity of the rung, since it would need to be usable
from either direction.

The pull-out rung approach is shown schematically in Figure 23. In this concept, the rung is
locked into a ceiling well such that it is flush in normal operation. When needed, the rung can be
pulled out and locked into position. Again, the well is designed to provide toe clearance.

To provide adequate strength, the actual mechanism would need to telescope in a much more
robust fashion than shown. As with the swing-out rung, the locking device may have to carry the
full weight capacity of the rung. Conceptually, however, this approach does have some
advantage over the swing-out rung. The rung is actuated by a pulling action, which implies that
it could be deployed by the weight of a climbing crewmember. It would also provide some level
of utility even if not actuated. Actuation would be necessary to provide comfortable toe
clearance, since the well depth would be limited to the framing in the cab roof. The added area
on both sides of the rung also impacts the amount of ceiling area required.
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The fold-out rung concept is illustrated in Figure 24. In this concept, the rung is folded latterally
to be flush with the ceiling. When needed, the rung is unfolded so that it provides 4 in of
clearance from the ceiling. It will lock in place when actuated to provide climbing support.
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Figure 24. Fold-Out Rung Concept

The fold-out approach would use the minimum amount of ceiling area since there is no toe well.
The main advantage of this approach is that the locking device would not be required to carry the
entire weight capacity, since the pivot arms act as the main structural member. However, it is the
most mechanically complex concept, and potentially the most expensive option.

Given the merit in each of the approaches, all three concepts would be provided for review by
the users. In this way, crews familiar with the operational environment of the locomotive could
assess the overall utility of each approach based on experience. From a cost assessment, each
concept was considered to be roughly equal, with the fold-out rung being slightly more
expensive. However, there was not a sufficient difference from the other two concepts to
eliminate the fold-out rung based on cost alone.

3.2 Hatch

Design of the hatch system began with consideration of the bus hatch in the hope that it might be
possible to adapt an existing hatch for use in a locomotive roof. Typically, the bus hatches are
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constructed of high impact plastics, are 22 x 22 in , and can function as vents, as shown
previously (Figure 14). Conceptually, the operation of the hatches would adapt well to
locomotive design, but some of the aforementioned attributes are not suitable for a locomotive.
Structurally, it is desirable that the hatch be constructed of steel. Dimensionally, the hatch
should be larger than a standard bus hatch. Given the proximity of the hatch to the diesel
exhaust, a vented hatch would not be practical.

From the standpoint of external conditions, the hatch should seal completely against weather.
This would include moisture driven by movement of the locomotive. In addition, the seal should
prevent internal air from escaping under normal conditions. It should also prevent permeation of
exhaust gases from the outside. Due to the proximity of the hatch to the diesel exhaust in a
locomotive, both the structural material and the seals would need to withstand temperatures
approaching 300°F for periods of 20 to 30 min.

Operationally, the hatch should provide a full open area for egress. Hinges, latches, seals, or
other mechanical aspects of the hatch should not occlude the available opening. Ideally, the
hatch would open flush to the roof of the cab. For egress, opening the hatch must be
accomplished by a single movement that requires little force, and be functional even if the cab is
slightly deformed. For access, the hatch should provide easy operation for rescue personnel
while deterring vandalism.

Based on these attributes, some basic conceptual drawings of the hatch were developed.
Dimensionally, the hatch would be 22 in wide and 30 in long. This is a larger opening than a
standard bus hatch. It would, however, provide maximum clearance for egress by the crew and
permit rescuers to utilize body boards. Initial investigation with some current hatch
manufacturers indicated that the high impact plastic construction of some bus hatches would
meet the structural requirement for the locomotive cab. Hatch manufacturers indicated that it
would be possible to construct the hatch frame or panel out of steel if necessary.

Operationally, the proposed unit would look similar to that shown in Figure 25. The latch would
be to the far left, actuated by a handle that turns 45° in either direction. The hatch would be
hinged on the far right, allowing the hatch to fully open in the event of an emergency. The
crewmember would then be able to climb out through the hatch utilizing the hand/footholds as
shown in Figure 26.

Making the hatch weather tight is an engineering challenge when highspeed operation, long term
durability and snow/ice accumulation are considered. Based on the assumption that a bus hatch
could be adapted to use in the locomotive, a double sealing approach was devised. The overall
concept, illustrated in Figure 27, includes a molded composite hatch cover similar to those
currently manufactured for buses. The dual seal would provide an outer wiper seal to prevent
penetration of moisture driven by wind and motion, and an internal compression seal that blocks
air and moisture flow into the cab. The entire unit could be bolted to the cab roof as a final
operation d