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Abstract

In the railroad construction and maintenance of way (MOW) industry, demand is
rapidly growing for productivity gains through machine automation and improved
reliability. This demand is driving the need to abandon centralized, direct-wired computer
control hardware for more cost-effective and robust system designs. This dissertation
presents a distributed computer architecture as the foundation for improving automation on
track machinery in the foreseeable future. The architecture combines several off-the-shelf
industrial serial network technologies, aiming to simplify the electrical system layout on
machinery, enhance the ability to integrate more diagnostic features, balance workloads to
improve robust operation, and verify system response satisfies real-time constraints defined
for existing and future equipment designs.

This architecture applies a compatible mix of existing technologies to the specific
context of the railroad environment. While distributed computing technology has matured
significantly in recent years, control systems technology for railway maintenance
equipment lags behind. Roadway equipment applications expose computers to conditions
uncharacteristic of desktop computing environments. Centralized computing prevails on
MOW equipment due to the popular belief that tightly-coupled hardware guarantees fast
system response, especially since computers and serial communication methods were
"slow” when first introduced on work equipment. Simulation results described in this
paper document that the planned distributed architecture will support a built-in verification

mechanism and demonstrate responsiveness equivalent to centralized controller designs.
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Chapter 1

INTRODUCTION

New demands on real-time machine control systems are requiring designers of heavy
equipment to rethink existing system architecture. Industrial computing primarily focuses
upon automating difficult tasks to reduce manual labor. Today’s equipment users want
machine control computers to diagnose problems and report work productivity in addition
to machine control. Consequently, embedded industrial computers are being displaced by
office computers in order to support more functionality from the same, inexpensive
platform. The proliferation of desktop computers onto the factory floor is evidence this
trend will not reverse.

In many industries, improving automation is often the formula for a company’s
survival. Obtaining quick and accurate data from machine tools is necessary for controlling
production costs in the competitive business world. Likewise, it is equally important to
minimize downtime. This is especially true in the railway maintenance of way industry.

Railroads support a “plant” of enormous scale. In 1995, North American class |
railroads alone operated 206,314 miles of track [Prog96]. Track conditions directly affect
the railroad’s ability to move trains. Track maintenance crews must focus upon completing
repair work while imposing the least impact to train schedules. The quality of railroad

maintenance machinery directly affects a crew’s ability to achieve this goal. Railroad



maintenance departments are becoming more dependent upon advanced computer
technology built into the equipment used on the job to achieve superior quality.

Today, there are more computerized controls on railway maintenance of way
machinery than ever before. Control systems for mobile work equipment have been
substantially changed by recent innovations in computer technology. Similar to factory
floor systems, control platforms for railway maintenance of way equipment have evolved
from PLC relay logic into advanced multitasking systems in a brief period. This
transformation is fostering radical new control schemes that improve machine operation
with relatively limited computer resources.

Considering the severe operating environment of a railroad, it is no surprise that
railway companies are demanding more diagnostic and monitoring assistance from the
same computer system that controls the machine. Automation and reliability continue to be
the focus as equipment suppliers strive to make machinery “Better, Faster,
Cheaper”[McMa97] without compromising safety. Designers are enhancing control
software with the latest process improvement techniques that transfer more work
responsibilities from operator to the computer. Machines are expected to provide
diagnostic information to the operator when faults occur while simultaneously performing
mechanical functions. The pace of innovation is expected to continue, especially in the
automation, ergonomic, and diagnostic areas [Kram97b].

Automation brandishes a price tag. Machines are equipped with sophisticated
electrical systems that interface a computer with numerous sensors and output devices.
Wiring all VO (inputs & outputs) back to a central “box” is the traditional way to assure

computer hardware can expeditiously respond to external events. Routing abundant wires



to one area, however, negatively impacts an operator’s troubleshooting ability during fault
isolation. Moreover, it is difficult to properly reinstall wires and components in confined
Jjunction boxes once a fault is located. Thus, the conventional control system architecture
has precipitated a need for built-in troubleshooting assistance.

The increased emphasis on self-diagnostic features is changing the focus of work
equipment design efforts. While recent diagnostic accomplishments are effective
[Kram97a], fundamental changes to the traditional, direct-wired controller are needed to
obtain profound reliability and ergonomic improvements over the long haul.

This dissertation introduces a distributed computer architecture as the bedrock for
improving automation on heavy railway maintenance of way equipment in the foreseeable
future. In summary, deploying this architecture accomplishes several important points:

e Machine electrical system layout is simplified without sacrificing performance or
reliability.

e The architecture simplifies the integration of more self-diagnostic features and
troubleshooting aids into products as technology progresses.

o It satisfies requirements defined by the four primary functions (explained later in this
chapter) that constitute the architectural foundation of railway machine control
systems.

e Costs are controlled by utilizing commercially available serial network technology in
the implementation.

e New system designs can be modeled, verified, and fine-tuned using /O timing data
produced by built-in mechanisms on genuine equipment.

The next four chapters familiarize people, especially railroad MOW users and
suppliers, with concepts and problems encountered when deploying distributed systems
with computer networks in real-time applications. The impact of networking on real-time
control issues is discussed in chapter two. The background survey of leading industrial

network technologies presented in chapters three, four, and five provides a basis for
3



selecting the physical layer components best-suited for use by the featured Jovian
Architecture introduced in chapter six. Chapter seven outlines the supporting experimental
evidence that demonstrates this new class of work equipment control systems will perform
well on both contemporary and future railroad MOW machinery. Specific background

information about railway MOW equipment is outlined in the next section.
TYPES OF EQUIPMENT

Tamping
Tampers are perhaps the most important MOW machines on the railroad. The safe

speed that trains may travel on the track is affected by the quality of the track geometry left

behind by a tamping machine.
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Figure I. A Fairmont Tamper Mark IV production/switch tamper.

A tamping machine corrects track geometry errors by lifting and shifting the track to
the desired vertical and horizontal location and then compacting the ballast rock under each
tie. This forms a rigid substructure to hold the track in place. These machines use various

means to measure the existing geometry so that the amount of correction to be applied can



be computed. Electro-mechanical wire and light-based reference systems are most
commonly employed for measuring the track. The track is measured continuously while

the rail jacks move the track into place and the workheads simultaneously compact the

ballast beneath the tie.

Electrical
Junction Box

Figure 2. A Fairmont Tamper Mark VI production/switch tamper followed by a chase tamper.
The machines pictured are each controlled by a 25-Mhz Motorola 68030 CPU

embedded on a VMEbus' platform. The operator controls the machine from a console and

! The term VME stands for Versa Module Eurocard [Pete93], and is an industry-standard computer architecture widely

used in industrial and military application environments. VME computers have been successfully deployed on MOW
equipment [Hill95].
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graphical user interface inside the cabin. Commands from the operator are interpreted by
the computer, which drives many output signals to valves and actuators on the machine.
Rail Grinding
Grinding equipment is used to extend rail life by removing a very thin layer of steel
from the railhead. The grinding heads may be positioned at angles that produce the best

possible wear characteristics for the rail at that location. Dust and spark control systems

are deployed to prevent fires on the track structure.

-

Figure 3. A Fairmont Tamper RGHS8C grinder.

The Fairmont tamper RGH8C rail grinder is equipped with 8 grinding stones that can

be positioned at any angle to achieve the desired rail head? profile. A VME-based

? The rail head profile is a "slice” or cross-sectional view of the rail.
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Motorola 68030 embedded computer allows the operator to select up to 100 different
patterns using a graphical touch-screen user interface.

Tie Replacement

A tie replacement machine can extract an individual deteriorated tie and insert new

sleeper’ in the resulting hole, allowing selective tie renewal as an alternative to full track

renewal.

‘Figure 4. The Fairmont Tamper model TO-1 e replcement machine.

The Fairmont Tamper TKO-II machine is perhaps the most advanced tie replacement
machine in the world to date. This machine is controlled by a 25-MHz Motorola 68030
embedded in a VME platform. The automated machine cycle involves Jacking the rails
while clamping the tie plates in place, removing and discarding the old tie, swinging a new

tie into the vacant hole, and inserting the new tie snug under the rails. The machine






