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FOREWORD

Equipment managers in public and private organizations are responsible for all aspects of providing a
diversified fleet of motorized equipment. Factors of concern to equipment managers include cost control,
preventive maintenance, repair shop productivity, employee training, motivation and safety, equipment
replacement decisions, inventory control, commercial driver’s license requirements, alternative fuel engines,
environmental safety, privatization, electronically controlled diesel engines, and other related issues. Eleven
Equipment Management Workshops have been conducted since 1976 to provide a continuing forum for the
exchange of new ideas and developments in maintenance and management of equipment fleets.

The 11th Equipment Management Workshop was sponsored by the Transportation Research Board
Committee on Equipment Maintenance in cooperation with the New York State Department of
Transportation and the Federal Highway Administration in Syracuse, New York, June 23-26, 1996. The
proceedings of this Workshop are included in this Circular and structured around the following topics:

Government Regulations: The Changing Scene
International Equipment Technology

Human Resource Management

Safety

Specialty Equipment

Purchasing and Leasing

Future Equipment Technology

Developments in Equipment Management Systems
Reports from Regional Equipment Managers’ Meetings
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CHALLENGES FACED BY TRUCK ENGINEERS IN THE MID-1990s

Ken Kelley
Roads & Bridges Magazine

ABSTRACT

This paper provides a brief overview of how truck
engineers and designers are turning to highly sophisticated
technology for assistance in meeting increased market and
regulatory demands for vehicle improvements.

INTRODUCTION

While working on the December 1995 issue of Roads &
Bridges Magazine, a review of what happened on the truck
scene during the year seemed appropriate. The review was
published under the headline: "The Year of the Engine
Engineer." It went over fairly well. At least, no
transmission engineers called to complain. The 1995
headline serves as a point of departure for this talk. Early
on, it was determined that the time frame for the talk
should be adjusted to look forward to what is happening
this year. With brakes that feature electronic antilock
controls being fine tuned this year for mandatory
installation in all big trucks from next year through 1999,
a headline such as "The Era of the Electronics Engineer"
suggested itself. Since some recent technical changes in
trucks, notably fuel economy moves, have their roots in
advances first noted before 1995, it was decided that this
talk be widened to survey all the mid-1990s. After a look
back to the year of the engine engineer in 1995 and a brief
glimpse back to earlier developments, we will close with
an up-to-the-moment look at what truck technical people
are doing this year.

As noted, 1995 has gone into the truck history
books as “The Year of the Engine Engineer.” While it
must be said that powerplant people made most 1995
headlines, it should be added that governmental regulators
were out there vying for a share of the spotlight. For high
drama, it is difficult to top the 1995 work of the engineers
at the diesel engine manufacturers. Three lines closed out
last year with new engines that were their strongest-ever
truck diesels, the 500-horsepower unit from Detroit
Diesel, a 525-horse offering from Cummins and a 550-
horsepower Caterpillar product. With high fuel prices
showing no signs of going away, the high horsepower
engines were justified as the makers' response to customer
requests for added strength to get difficult jobs done

efficiently. Engine engineers were doing far more than
"building them stronger” in 1995. Developing variations of
existing engines that operate on alternative (nonpetroleum)
fuels as a way to reduce air pollution and curb dependence
on foreign oil was a massive effort.

Work on "alt" fuels sent researchers off in many
directions. While Mack people were studying compressed
natural gas or CNG as the fuel for a test E7 diesel engine,
Detroit Diesel researchers were working with Ford
engineers on a test of a CING-fueled Series 60 powerplant
for bulk newspaper delivery in the Los Angeles area. High
costs are one of the problems with many alt fuels. As one
engineering executive explained, a difficulty can be
estimating the cost of auxiliary parts, such as fuel tanks,
which have not yet been produced in volume for engines
using the unusual fuels. At one extreme, alt fuel plans can
be as obvious as one by Cummins people. Reacting to
operators' requests for added power, they moved up the
top horsepower ratings of the firm's L10 natural gas
engines to more robust 280 and 300 numbers.

More complex was the effort of the truck producer,
Navistar, and the oil firm, Amoco, working with two
European companies in a program that delivered "a new,
ultra-low emissions alternative fuel for use in diesel
engines." The product was said to be “predominantly
dimethyl ether or DME which is converted from natural
gas or coal and other feedstocks.” Those who worked on
the new fuel said “DME can eliminate exhaust smoke and
greatly reduce other exhaust pollutants while reducing
engine noise.” 'The alt fuel was said to be able to meet
California's demanding 1998 emissions requirement
"without the use of exhaust after treatment or catalytic
converters." While California's 1998 exhaust rule, as is
frequently the case, is more strict than those for the rest of
the nation, preparing for a further tightening of emission
limits for the rest of the nation in 1998 was another reason
why truck engine engineers were busier than usual in
1995. The pressure is on to cut oxide of nitrogen emissions
by 20 percent to meet the 1998 national standard. No one
is saying exactly what will be done but confidence in
meeting the standard is widely expressed.

Last year, both Caterpillar and Navistar were
working with Hydraulic Electronic Unit Injection fuel
injection systems for trucks just a cut below the strongest.
Cat offered the system in its new 3116 diesel which has
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ratings of 170 to 275 horsepower. At Navistar, a similar
system was used on the line's first electronic diesel which
develops 250 to 300 horsepower. The beauty of these
advanced systems is that they do an acceptable job of
curbing emissions without aid of catalytic converters or
other exhaust after treatment.

Volvo's latest offering in the diesel field is the
electronic VE D12 which turns out 310 to 415
horsepower. Other important engine programs have had
Detroit Diesel cooperating with Navistar on powerplant
development and with Mercedes-Benz of Germany in
designing diesels for the Mercedes subsidiary here—
Freightliner.

Improved fuel economy, a need spawned by the oil
crises of the Seventies dominated technical changes in
trucks in the Eighties and early Nineties. On-off engine
fans that operate only when needed for cooling,
powerplants with reduced operating speeds, more efficient
gearing as well as aerodynamic streamlining to curb wind
drag were the most noticeable developments. There was a
time about 1985 when the "experts" said that aerodynamic
changes had gone about as far as they could in cutting fuel
consumption. Every couple of years since, at least one
truck maker has unveiled a restyled model with better
aerodynamics that cut fuel bills even more. By introducing
two very aerodynamic big truck lines, Louisville
vocational units and AeroMax 9500 aver-the-road tractors,
Ford dominated the 1995 new model scene in the heavy
truck field and proved that further aerodynamic gains are
possible.

No one introduces a new model heavy truck these
days without pointing out how the designers have
thoroughly consulted with those all-important drivers on
how the vehicle should be built. Ford made a novel point
about its new models unveiled in 1995, noting that designs
for most recent truck models were based on measurements
of average drivers obtained in studies conducted during the
World War II era, Ford said it measured current drivers
and based its latest designs on those figures. Increased seat
travel and more "belly" room were the big changes.

Turning now to what is going on in truck
development this year, the big headline maker can be
traced to a 1995 decision by the National Highway 'I'raffic
Safety Administration, requiring installation of brakes
with electronic antilock capability on all new big trucks
and trailers at varying dates between next year and 1999.
Bendix, Midland and Rockwell WABCO have been
gearing up to supply the hardware. In a recent move,
Eaton and Bosch have decided to set up a joint effort to
supply antilock brakes to the North American market.
Antilock systems got a blackeye as they were found
wanting when required in 1975. This time they are being
mandated only after extensive federal testing. The current

hardware has drawn few complaints so far, although there
are those who have their doubts about how antilock
systems in tractors and trailers should be linked. Most
1995 objections to the systems were aimed at antilocks
installed in light trucks and cars. Many have been
dismissed with observations that vehicle operators have
not taken the time to learn how to use antilock systems
properly.

. Systems engineering is a major trend in truck
development today. It is playing a key role in putting the
finishing touches on big truck antilock systems. In a few
words, it calls for designing parts that will be used together
at the same time that other parts which will be used in the
system are developed. Ideally, all parts that go into the
system are preassembled as a system before going on the
truck. The plan is designed to guard against mistakes as
system parts are put into the truck. It makes sense when
all of the wires, sensors, tone wheels and other antilock
parts needed in an axle are put in the axle before the axle
is shipped to the truck assembly plant. Errors in assembly
were blamed for some of the antilock problems of the
Seventies.

Computer-like systems which enable major truck
components to diagnose their own malfunctions have been
built into many components introduced in recent years.
That trend has relieved the concerns of those who
wondered how mechanics could be trained to troubleshoot
the new electronic marvels which have come to dominate
truck products in recent years.

For those who want to see something farther out
than "automated diagnostics," truck industry technical
experts are working on "prognostics." This involves using
computerized "artificial intelligence" to project how a
truck component will fail and when. The rubber industry
has taken computerization of trucks a step further by
burying computer chips in tire treads. It is a great way to
pick up information from the point where the rubber
meets the road. Futurists in the truck industry have been
fascinated with radar since it proved most useful during
World War II. Could not its ability to "see" through the
night and storms be used to head off traffic accidents, they
asked. Radar-activated braking is not here yet but Eaton
Corporation and Delco Electronics have started moving
toward that goal. Already they have reported progress in
overcoming one of the admitted problems of truck
operation—the inability of the driver to see what is going
on in certain "blind spots" around the vehicle. In other
safety efforts, the Volvo truck operation in North
Carolina and its parent company in Sweden have been
installing daytime running lights on trucks and researching
the potential benefits of electronically actuated air bags in
heavy trucks.



INITIATION AND IMPLEMENTATION OF AN ALTERNATIVE FUELS PROGRAM

Glenn Hagler
Texas Department of Transportation

The Texas Department of Transportation (TxDOT) has
initiated an aggressive plan to convert its on-road motor
vehicle fleet of 9,000 vehicles to alternative fuels. State
legislation passed in 1989 requires that TxDOT have 90%
of its fleet converted by 1998. This undertaking has
radically changed the way the Department both purchases
and manages its fleet and thus has required major changes
in the planning, procurement and use of its vehicles. The
initial implementation of an alternative fuels program
should consider and account incentives in energy
abundance, environmental protection and economic
concerns; initiatives in (Federal) Clean Air Act
Amendment, Energy Policy Act and individual state
legislation; and barriers in equipment cost, fuel
availability, market inertia and underdeveloped
infrastructure.

INTRODUCTION

Texas passed clean air legislation in 1989 (and again in
1995) that significantly altered the manner by which the
Texas Department of Transportation (TxDOT) could
purchase and fuel its motor vehicles. These laws, which
became effective September 1, 1991, established a means to
use the vast natural gas reserves available within the state
while simultaneously reducing harmful exhaust emissions.
They require all state agencies consisting of 15 or more
vehicles to use alternative fuels in their motor vehicle fleet.
They also require that TxDOT have 90% of its fleet
converted to alternative fuels by 1998.

REGULATION

Texas regulatory agencies have approved five alternative
fuels that meet the intent of Texas clean air legislation:
natural gas (compressed-CNG/liquid-LNG), liquid
petroleum gas (LPG), methanol, ethanol and electricity.
TxDOT currently considers only CNG and LPG as viable
alternative fuels for its fleet operation.

The law mandates four critical milestones. After
September 1, 1991, Texas governmental agencies may only
purchase or lease motor vehicles that are capable of using
alternative fuels. As of September 1, 1994, the fleet must
consist of not less than 30% alternative fueled vehicles

(TxDOT exceeded compliance at 32%); by September 1,
1996, this percentage increases to 50% and to 90% by
September 1, 1998. TxDOT has met or plans to meet and
exceed these requirements.

The law affects 9,000 on-road TxDOT motor
vehicles. TxDOT has placed into service more than 4,000
alternative fueled vehicles to date that represent more than
44% of its on-road fleet. TxDOT plans to purchase or
convert more than 4,500 vehicles to alternative fuel use by
1996 and nearly 9,000 by 1998.

INCENTIVES

In the last few years, energy security and environmental
concerns have become prominent incentives for
transportation policy and planning. Dependence on
foreign oil supplies and concern over urban pollution and
global warming have led to a nationwide trend away from
petroleum-based modes of transportation.

INITIAL BASIS FOR THE LAW

Texas produced 6.4 trillion cubic feet (181 billion cubic
meters) of natural gas in 1995 that amounted to 32% of
total US production. In addition, Texas has 35.9 trillion
cubic feet (1.02 trillion cubic meters) of dry proven
reserves. With this abundant natural resource as an
incentive, Texas passed clean air legislation in 1989 that
mandated the use of natural gas or other clean air
alternative fuel in state agency motor vehicles.

The intent of the state legislature in passing this law
was threefold: to clean the environment, to develop a
market for Texas natural gas and to stimulate the Texas
economy. As an example, one trillion cubic feet (28.3
billion cubic meters) of natural gas will provide fuel for
one year for approximately eight million vehicles. In
promoting a Texas resource that benefits both the
economy and the environment, Texas hopes to become a
leader in the use of alternative fuels.

INITIATIVES

As motor vehicles are the largest single source of
pollution, several initiatives have been undertaken to
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FIGURE 1 Ozone forming potential: Alternative Fuels
Promises and Pitfalls; National Conference of State

Legislatures 1991 Annual Meeting, Orlando Florida.

replace petroleum fueled vehicles with alternative fueled
vehicles.

The Clean Air Act Amendment of 1990 (CAAA
1990) became the primary driver to move the nation away
from petroleum-based fuels. The Energy Policy Act of
1992 reinforced the intent of CAAA 1990 by mandating
specific milestones for governmental {leets in the use of
alternative fuel vehicles. Individual state legislation
continues to increase the requirement for the use of
alternative fuels.

It is imperative that all levels of government
legislation be monitored on a continuous basis.

CLEAN AIR ACT AMENDMENT OF 1990

The Clean Air Act Amendment of 1990 became law after
11 years of deliberation. The law establishes twenty-one
areas throughout the United States in nonattainment of
National Ambient Air Quality Standards. By mandating
that these areas come into compliance, the Amendment
provides a strong impetus for use of low emission
alternative fuels.

CAAA 1990 focused primarily with regard to
emission standards and clean air defining specific
transportation control measures directed toward emission
reduction. By 1998, most governmental fleets operating
more than 10 vehicles weighing up to 26,000 pounds
(11,794kg) in these areas will be required to purchase up to
1 of all replacement vehicles capable of operation on an
approved alternative fuel. Figure 1 shows the benefits of
using various alternative fuels compared with the baseline
reference for ozone forming potential of gasoline.

Targeted for concern with effect upon alternative
tuel considerations are the ozone/carbon monoxide
classifications in nonattainment counties. CAAA 1990
affects four major nonattainment metropolitan areas
within  the statee  Houston/Brazoria/Galveston,
Beaumont/Port Arthur, El Paso and Dallas/Fort Worth.
Figure 2 cumpares the relative percentage contributions
between mobile and stationary volatile organic compound
(VOC) sources in the nonattainment areas.

The dates proposed for the required percentage
achievement of alternative fueled vehicles are much later
than those set forth in Texas clean air legislation (Texas
Senate Bill 740, 74" Legislature). Other areas of
amendment concern include the requirement for the use of
oxygenated fuels and the reduction of particulate matter.

NONCOMPLIANCE

According to the Environmental Protection Agency, the
enforcement arm of the Clean Air Act Amendment,
operators not in compliance with the law could pay as
much as $25,000 a day.

ENERGY POLICY ACT OF 1992

The Energy Policy Act of 1992 was designed to encourage
domestically produced fuel usage in both mandate and
incentive provision for alternative fueled vehicles. The
Energy Policy Act, broader in fleet requirement definition
than CAAA 1990, will affect 125 metropolitan areas. The
implementation of requirements set forth in this Act
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began in FY1993 for federal fleets with state fleets and
alternative fuel providers to begin alternative fuel vehicle
(AFV) purchase in MY1996 and possible private and
municipal fleet AFV acquisition in MY1999. Alternative
fuel providers are defined as gas and electric utilities,
alternative fuel and large oil companies that conduct a
substantive portion of alternative fuel business.

STATE LEGISLATION

Many states due to their own internal agendas be it
pollution control and/or economic considerations have
elected to incorporate alternative fuel legislation that
supersedes the mandates of the Clean Air Act
Amendment. Sixteen states presently have mandatory
alternative fuel vehicle requirements for procurement of
replacement governmental vehicles.  They include
California, Colorado, Iowa, Missouri, New Mexico and
Texas. Twenty states have no alternative fuel program.
The remaining fourteen states have incentives offered for
converting vehicles to operate on alternative fuels. The
definition for "alternative fuel" varies from state to state.

TEXAS SENATE BILL 740/769

Texas Senate Bill 740 mandates the use of alternative fuels.
It requires certain entities to purchase alternative fuel
vehicles and to increase over time the percentage of their
fleet that must be capable of using alternative fuels. (Senate
Bill 769 affects municipalities later in the decade.)

Effective September 1, 1991 state agencies must
purchase or lease new vehicles capable of using these
alternative fuels. Additionally, as of September 1, 1994,
the fleet description must consist of not less than 30%
alternative fuel vehicles (TxDOT achieved 32% by
September 1, 1994). This percentage increases to 50% in
two years and to 90% after four years.

The Texas Natural Resource Conservation
Commission has defined which fuels qualify as an
alternative fuel. Currently these include natural gas
(CNG/LNG), liquefied petroleum gas (LPG), methanol,
ethanol and electricity. The 1998 deadline applies only if
the Texas Natural Resource Conservation Commission
determines in 1996 that the program has been effective in
reducing area total annual emissions. Table 1 compares
the principal milestones of Senate Bill 740 with that of the
Energy Policy Act.

TEXAS

To better appreciate the impact of Senate Bill 740 upon
the Department and probable impact of the Clean Air Act
Amendment upon the state is to begin with a description
of how big is Texas. The second largest state in the union
is called home by more than 16 million people driving to
work every day in 12 million vehicles on 293,000 miles
(471,525km) of highways. The state will need a large
refueling infrastructure to make alternative fuels viable;
293,000 miles will demand frequent refueling locations.
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TABLE 1 PRINCIPAL MILESTONES OF SENATE BILL 740 AND

ENERGY POLICY ACT

Energy Policy Act
1992

1996 AFV: 25% of state fleet
1997

1998

1999 AFV: 75% of state fleet
2000 AFV: 75% of federal fleet

ENERGY POLICY ACT

Principal Milestone Comparative to SB740

1993  Federal fleet purchase: 5,000 AFV
1994 Federal fleet purchase: 7,500 AFV
1995 Federal fleet purchase: 10,000 AFV

AFV: 30% of state fleet

AFV: 50% of state fleet

AFV: 90% of state fleet

TxDOT RESPONSIBILITY

With an annual budget of $3.2 billion, the Department's
15,000 employees are responsible for maintenance of
293,000 miles (471,525km) of highways. This is the largest
amount of state managed mileage pavement in the United
States. The Department has subdivided the state into 25
districts consisting of 430 onsite refueling locations.

IMPACT UPON TxDOT

The impact of Senate Bill 740 upon the Department is
great. The TxDOT fleet consists of more than 17,000
units of equipment with a replacement value worth more
than $400 million. Of these, 9,000 are classified on-road,
3,000 off-road and the balance as nonmotorized
equipment. To meet the 90% criterion by 1998 this
Department will either convert to or purchase more than
8,000 alternative fueled vehicles. The size of this task is
apparent when one realizes that this law requires the
Department to purchase more than 3,500 new alternative
fueled vehicles between the present and 1998.

BARRIERS

Four major barriers persist in preventing the alternative
fuel market from flourishing.

The high expense in both vehicle conversion and fuel
station access for most alternative fuels have limited the
number of operators changing fuel type. Costly vehicle

conversion when coupled with nominally cheaper fuel
price offset does not readily meet short term payback and
cost effectiveness requirement in many applications.

The widespread availability of most alternative fuel
is near nonexistent. Even with access the use of such fuel
as in compressed natural gas is deterred when long range is
a requirement. Driving very far from the central fuel
depot becomes an exercise in fuel allocation to assure a safe
return.

Market inertia gives rise to an underdeveloped fuel
support structure. Market interest currently exists in the
public sector where visibility and acceptance have been
limited. A broad selection of alternative fuels has not
allowed for the singular momentum necessary within the
private sector to develop the required infrastructure
necessary to support any alternative fuel use on a broad
scale.

Implementation

An ordered approach to implementing Senate Bill 740 has
been undertaken by the Department. The process has
been summarized as

®  Gathering of information;

®  Understanding of requirement;

®  Assessment of available alternative fuel
technology;

»  Performance of life cycle cost/benefit analysis
on all potential choices;

®  Gainful experience of potential choices;



= Development of sound
specifications; and
= Investigation of different technologies and their

respective exhaust emissions.

procurement

Although the fuels-of-choice are more tightly defined in
Texas than those allowed under the Clean Air Act
Amendment (by state law only natural gas, liquid
petroleum gas, methanol, ethanol or electricity are allowed
for large state agencies) these basic steps can be applied to
any of the fuels allowed within the Clean Air Act
Amendment or the Energy Policy Act.

Gathering of Information

The formal basis for effectively constructing any program
lies in the proper gathering of available information.
Thus, the most important step in the implementation
process is the familiarization with all aspects of the
alternative fuels arena. Alternative fuel selection yields to
its local availability, job environment suitability and its
physical property characteristics. Storage, both on-vehicle
and at refueling location, is different for each fuel type.
Some fuels are liquid at ambient temperature and pressure,
some are liquid when under moderate pressure and some
are liquid only when supercooled. Other fuels are stored
in a gaseous state requiring bulky storage tanks.

The daily driving requirement of the vehicles in
question must be analyzed and their drive range computed
so that a reasonable amount of fuel can be carried onboard
to complete daily demand. Vehicular performance could
be impaired or enhanced due to the new fuel type
required.

Vehicle conversion may be necessary for the selected
fuel. Cost determination of conversion to existing
equipment versus purchase of replacement equipment
should be assessed.

Knowledge of all regulations pertaining to emissions
control and alternative fuel use is mandatory. Federal,
state and municipal mandates will require vigilant
attention to implementation timetables and compliance to
fleet size percentages. State legislation, as found in Texas
Senate Bill 740, can supersede timetable requirements as
proposed in CAAA 1990. Different cities of the US fall
into nonattainment area by law and consequently fuel
type requirement may be affected.

Many alternative fuel products are currently in use
and it is important they meet test in both proof of
operation and product safety. A leader recognized in this
field is the California Air Resources Board (CARB) and
special attention to their emission certified list of approved
products for certain alternative fuel conversion kits is
critical. Major industrial associations have also published
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lists of approved and recommended equipment for
alternative fuel use germane to their industry.

All aspects of the conversion system components
along with the fuel storage cylinders and their installation
should comply with the safety standards required by the
National Fire Protection Association (INFPA) Pamphlets
52 and 58, the American National Standards Institute
(AGA/ANSI/NGV1; AGA/ANSI/NGV2;
AGA/ANSI/NGV3 proposed, AGA/ANSI/NGV4
proposed), the American Society of Mechanical Engineers
(ASME) and the U.S. Department of Transportation
(USDOT). Professional organizations such as the
Transportation Research Board (TRB) and the Society of
Automotive Engineers (SAE) have vast resource
information on all alternative fuels currently in use.

The singular most valuable asset available to the fleet
manager today is the user experience of others. In visiting
operations already converted to alternative fuel(s) one can
determine more readily what works and what does not
work.

Understanding of Requirement

The understanding of requirement which links alternative
fuel selection to operational need lies in accurate fleet
assessment. Likewise, the understanding of requirement
which links alternative fuel selection to overall cost
effectiveness lies in certain aspects of fleet assessment such
as vehicle number per refueling site, vehicle drive routine
and useful life expectancy.

Two aspects should not be forgotten and when
addressed early in the program can be a major contributor
to the overall cost effectiveness. Depending on the type of
alternative fuel selected the operational and maintenance
facilities used to provide upkeep for these vehicles may
have to be modified. Modifications could include new or
expanded ventilation systems, gas leak detectors, automatic
door opening systems, alarms, etc. Personnel involved in
the operation and maintenance of the vehicles will have to
be trained. The training program should include operator
familiarization with safety, mechanical repair and
preventive maintenance topics.

The data gathered from the Department fleet
management data base has been manipulated in several
different ways. Location criteria established the number
of vehicles assigned to each of the 430 fuel sites in the state.
Mileage-per-day data established mileage habits.
Classification data sorted the vehicles into groups of
sedans, light-to-medium duty trucks and heavy duty
trucks. Engine-type data established the number of
vehicles powered by gasoline and diesel engines.

The breakdown of these vehicles by classification
showed an even distribution between light-to-medium
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FIGURE 3 On-road vehicles: TxDOT Fleet Data

Analysis, 1995.

duty trucks and heavy duty trucks with the sedans making
up only about 12% of the fleet. Gasoline fueled vehicles
outnumbered diesel fueled vehicles by a three-to-one
margin. Most of the sedans and light-to-medium duty
trucks are gasoline fueled. Figure 3 details the on-road
fleet makeup.

Data from cach of the 430 fueling locations was
analyzed in detail. Types of fuel presently available at
each location were compiled along with daily and weekly
usage amounts. A delivery capacity analysis consisting of
the number of pumps and associated nozzles provided an
understanding for fuel delivery at each location. This data
provided not only usage quantities but also a queue
analysis of the pumps on a daily basis. It was determined
that on average most vehicles travel approximately 50
miles (80.5 km) per day and use only 4 gallons (15.14 1) of
fuel. Onsite storage capacity for each fuel type and refill
service records provided a check and balance method for
fuel usage in agreement with fuel purchases. A survey of
each location determined if natural gas was available (it
was in over half the locations) and if LPG was available (it
was in all locations).

Assessment of Available Alternative Fuel Technology

The available fuel infrastructure associated with any
alternative fuel selection is important to understand.
Consideration must be given to whether an alternative fuel
chosen will significantly alter current operation with new
refill and access requirement. The preferred refueling
method may be fuel onsite for easy access and control

from the outright purchase of refueling equipment to
leasing option.

Alternative fuel technology is quickly outmoded. As
was the large amount of older conversion equipment
developed for vehicles prior to onboard computer
circuitry, current conversion equipment is being designed
to operate in conjunction to this circuitry for better
performance vehicles with greater mileage and lower
exhaust emission.

The ideal alternative fuel vehicle is still one produced
by a major original equipment manufacturer (OEM) tested
in accordance with governmental regulations and backed
by the OEM warranty.

Performance of Life Cycle Cost/Benefit Analysis on All
Potential Choices

After all the elements of the proposed alternative fuels
program have been identified, it is important that they be
used to prepare a life cycle cost/benefit analysis (LCCBA).
The time value of money should be considered in the
analysis. It is hoped that over the useful life of the
involved equipment all of the benefits will offset all of the
costs associated with converting the operation to run on
alternative fuel. An example of one segment of LCCBA
analysis which considers the tank size (and quantity)
versus cost to refuel is shown in Figure 4.

The primary benefit contributor will be savings
associated with a lower alternative fuel price. If the price
of the alternative fuel is not substantially lower than the
price of the fuel, it is replacing it may be very difficult to
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CNG TANK SIZE vs Cost To Refuel

Additional Annual Cost to Refuel w/CNG
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FIGURE 4 CNG tank size vs. cost to refuel: TxDOT Life Cycle

Cost/Benefit Analysis Data, 1994.

show any payback over the expected useful life of the
equipment. Figure 5 shows that the price spread between
natural gas and gasoline may not be as large as expected
and does not seem to shift significantly from one year to
the next.

Although difficult to quantify, it is fair to include
societal benefits resulting from the reduction in harmful
effects of pollution on the environment. It is also fair
where appropriate to examine possible benefits to the
state/local economy.

Gainful Experience of Potential Choices

If vehicle conversion is elected, it is extremely important
to know the vendor’s reputation. Inspect prior year
conversions and customer references. One valuable way
to further personal understanding is to perform a pilot
project aimed at conversion to a small vehicle number of
alternative fuel(s) selected. This should allow through
nominal cost an evaluation for both good and bad points
inherent in each fuel. For onsite convenience, refill
equipment may be leased. If funds allow, a research
contract with a nearby university might gain insight to
analysis of all relevant data through their manipulation.
To further departmental understanding of alternative
fuel technologies, a series of demonstration projects were
initiated in 1990. T'welve pickups were converted to run

on LPG each carrying a 40-gallon (151.4 1) fuel tank. In
addition, 19 light duty pickups and five sedans were
converted to run on CNG. Each sedan carried five
gallons-equivalent (18.9 1) while each pickup carried 10
gallons-equivalent (37.9 1).

A quickfill CNG compressor station (built by
Corken International, Oklahoma City) was installed at the
Austin District Office. The station consisted of a 50 cfm
(85 cmh) compressor and 200 gallons-equivalent (757 1) of
stored compressed natural gas. A commercial slow-fill
CNG compressor called FuelMaker® was also installed at
several locations.

To assist in the conduct and analysis of these
conversions the Department worked jointly with the
University of Texas at Austin Center for Transportation
Research. They developed an evaluation framework
including economical, environmental, operational and
technical strategies. Their research concluded that no
TxDOT sites were deemed economical for CNG quick-fill
compressor service. The decision matrix did not include
societal benefits from cleaner air or state economical
benefits.

Development of Sound Procurement Specifications

To purchase sound conversion equipment, it is necessary
to have sound procurement specifications.
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Several areas of concern, which left unspecified,
could lead to poor fleet operation and performance. The
conversion equipment should be approved by some
regulatory entity (EPA, CARB, etc.) that has tested the
equipment for both operation and safety. Life cycle tests
should show that the equipment will perform over its
expected useful life.

Sufficient fuel quantity for a full operational day
should be designed into the vehicle. Consideration of the
settled pressure effect for CNG fuel tanks should be taken
into account. Figure 6 illustrates the fill ratios which
result from fast-filling.

The converted vehicle should be setup on a
dynamometer and the emissions tested before and after
conversion to insure no degradation in power or quality
of exhaust emissions. One potential weak link in an
alternative fuel system is the electrical connectors used to
attach it to the vehicle. These should be either OEM type
connectors or the wires should be soldered directly to the
vehicle wiring. An extended warranty should be a
requirement within the conversion contract to afford as
much protection as possible from eatly failure of poorly
designed conversion equipment. Ensure that one party is
ultimately responsible in the event of an impasse over the
cause of equipment failure.

To ensure a reliable conversion, the Department has
developed its own conversion specifications for gasoline
fueled vehicles.  These specifications require the
conversion components be approved using EPA Memo-1A
procedures and meet EPA standards.

Additional elements to the specification include the
requirement for automatic fuel switch-over valves in CNG
converted vehicles. This valve automatically switches fuel
from CNG to gasoline when the CNG supply is depleted.
Due to the almost instantaneous stalling that occurs when
CNG is deplete, this device will be required for reasons of
safety and driver acceptance.

The original equipment air filter must be kept
whenever possible. Setup on a dynamometer is required
also. The dyno ensures that converted engines maintain a
horsepower rating of 85-100% after conversion. The
Department is requiring ANSI/NGV1 (3,600 psi/248 bar)
type refuel probes as industry standard. Emissions pre-
and post-conversion are required.

Investigation of Different Conversion Technologies
and Their Respective Exhaust Emissions

Many types of conversion technology are currently
available and their performance as well as operation differs
greatly. The preferred conversion system should have a
complete closed loop (microprocessor controlled) feedback
control mechanism capable of maintaining the air/fuel
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mixture to manufacturer specifications when operating on
the alternative fuel. The system should have an adaptive-
learn capability which can analyze and act upon the engine
sensors and their dynamic real-time outputs. Operation
on the alternative fuel should not adversely affect
driveability or emissions. TxDOT is currently working
with the University of Texas Department of Mechanical
Engineering on a two-year emissions-based program called
The Texas Project. Twelve conversion technologies and
one hundred vehicles are being researched and tested with
the purpose of monitoring emissions and vehicle
performance.

LOGISTICAL DETERMINATION WITHIN THE
DEPARTMENT

®  Most of the 430 onsite refueling locations in
the state have only 20-30 vehicles per site.

= Most vehicles travel approximately 50 miles (80
km) per day or less with a refill only once to twice per
week.

®  Tested CNG vehicles are averaging 5% less
MPG (kml) and tested LPG vehicles are averaging 10% less
MPG (kml).

» A 10 gallon-equivalent (37.9 I) supply of CNG
should be adequate for most light-duty pickup
applications.

= A five gallon-equivalent (18.9 1) supply of
CNG may be inadequate for most sedan applications.

Department preliminary conclusions suggest that diesel
aftermarket conversion technology is premature. No large
manufacturers are presently offering alternative fuel CNG
or LPG engines in the small size needed for diesel
conversion.

Life cycle cost/benefit analysis for both CNG and
LPG conversions show them not as cost effective for
TxDOT operation. Only as the price for alternative
fueled vehicles is reduced, which is anticipated with large
scale production of new vehicles, will lifetime cost
effectiveness be realized. It also has been determined that
CNG through high cost of the stand alone CNG
compressor fill station is not cost effective at small onsite
refueling locations.

AREAS OF CONCERN

®  Guas inconsistency: Delivery variances in purity
and BTU content may occur, specify in the contract
(CNG & LPG).

n "Oil-in-gas" and "Water-in-gas" Fouled gas
injectors and frozen fuel nozzles have occurred, TXDOT
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considering SAE J1616 (SAE Recommendation only at this
point).

®  Refueling infrastructure: CNG infrastructure
is underdeveloped in Texas, nozzle standardization must
be implemented.

= Proven technology: Conversion of diesel
engines to alternative fuel use has potential problems
related to engine durability and acceptable operational
performance.

= Warranty: Converted vehicles should be
warranted for at least three years.

w  Insufficient gas supply: Natural gas delivery has
been curtailed to commercial businesses in Texas during
severe cold spells.

»  Fuel price fluctuation: The greatest cost
denominator for using alternative fuel is the price
differential between it and gasoline/diesel fuel, irregular
price makes saving predictions risky.

" Conuversion cost: Varies vendor to vendor,
competitive bidding will help contain price.

= Conversion kit compatibility: Ability of
conversion kits to meet On Board Diagnostics I (OBD-II)
requirements.

" Narrow Application: Availability of EPA-
Compliant conversion kits for a variety of applications.

SUMMARY

In a continued effort to meet the requirements of Senate
Bill 740, the Department plans to purchase nearly 500
alternative fuel vehicles this year. More than 90% will be
fueled by LPG while less than 10% will be fueled by
CNG. Assignment strategy is based primarily on the
availability of natural gas in various TxDOT locations
with an emphasis on nonattainment areas. When natural
gas is available, a CNG vehicle will be assigned. If natural
gas is not available, LPG will be assigned. Currently, the
Department is requesting waivers on all diesel engines
until proven technology is available from the original
equipment manufacturer.

In conclusion, Texas has become very proactive in
environmental protection measures and will move toward
more stringent clean air legislation for the future. At
present, Texas Senate Bill 740 represents a challenge to a
way of life which has been standard for decades. Many
ideas and many ideals will have to change for alternative
fuels to be the widespread fuel of choice in Texas.
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LEARNING FROM ABROAD — WINTER MAINTENANCE PROGRAM

Leland D. Smithson
Iowa Department of Transportation

INTRODUCTION

The cost of winter maintenance in North America
consumes a staggering amount of money, about $2 billion
annually (1). These expenditures do not include the costs
associated with corrosion, water quality degradation and
other environmental impacts. Even a modest
improvement in present snow and ice control procedures
can produce substantial savings. Each State’s economy and
quality of life rely heavily on a reliable and safe highway
transportation system, so any improvement in winter
maintenance practices can help to enhance and fulfill those
economic and mobility needs.

In recognition of the major annual investment made
by state and local governments in snow and ice control,
the need to advance the use of state-of-the-art technologies
in this critical endeavor, and the fact that snow and ice
control operations in the United States differ from those
used in other countries, a Winter Maintenance Panel was
organized and visited Japan and Europe to study the
differences. The Panel was sponsored by the U.S.
Department of Transportation’s Federal Highway
Administration’s Office of International Outreach
Programs, the American Association of State Highway and
Transportation Officials, and the National Cooperative
Highway Research Program of the Transportation
Research Board. The Panel consisted of six U.S. managers
responsible for snow and ice control operations from
federal, state, county and municipal authorities. General
topics of interest to the Panel members included winter
maintenance equipment, anti-icing and de-icing operations,
road weather information systems, weather forecasting
services, public information systems, policy, roadway level
of service criteria and environmental issues. The Panel
visited Japanese and European officials at national and
local governments, and toured field operations and
research facilities.

Each area visited in Japan and Europe had very
complex winter maintenance problems. Each country
developed unique solutions to those problems that may
have application here in the U.S. A Winter Maintenance
Program involving federal, state and local governments has
now been established in the United States where
technologies imported from other industrialized nations
and/or developed in the U.S. will soon be demonstrated,

vigorously evaluated and acceptance tested in an
operational setting against the state-of-the-art.

PARTNERING TO IMPROVE WINTER
MAINTENANCE TECHNOLOGY

Partnering is an important part of creating and
implementing new and innovative winter maintenance
technology in Japan. An example of that partnering was
demonstrated in the way the Japanese Government solved
the following serious air pollution problem. Hokkaido,
the northern island of Japan, receives more than 500
centimeters of snow each winter. This heavy snowfall
combined with high traffic volumes team up to create
difficult snow and ice control problems. Studded tires
were introduced in Japan in 1962 to improve winter
mobility. Before 1962 mobility was achieved by putting
chains over summer tires. By the late 1970s nearly all
drivers were using studded tires. These studs rapidly
eroded the road surface, creating a heavy concentration of
dust and contributing to an air pollution problem. To
address this problem, the Japanese Ministry of Trade and
Industry introduced a studless tire in 1982. The
government partnered with private industry and heavily
promoted studless tires by offering rebates on new studless
tire purchases. The government also partnered with
education by providing winter driving training courses to
teach motorists how to use the new studless tires
effectively. This partnering changed motorists driving and
buying habits and resulted in very few studded tires being
used today. The bottom line partnering benefits are that
air quality today is greatly improved and Japanese
motorists have good winter mobility.

The Hokkaido Development Bureau conducts quasi
public/private ventures in the development of new
construction and winter maintenance machinery. A next
generation snowplow truck is currently under
development. Manually performed operator tasks are
being automated. These tasks include the setting of down
pressure and blade angle for underbody plows and the
height adjustments of a wing plow to clear roadside
guardrail. The operator because of automated steering
assistance does not feel lateral snowplow forces. On-board
video cameras and in-cab displays provide the operator
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with multiple angle observations of plowing operations in
progress.

WINTER EQUIPMENT TECHNOLOGY

The Panel visited road maintenance facilities in Japan and
Europe. Equipment, roads, bridges and facilities were of
high quality and well maintained. Fuel taxes greater than
two dollars per U.S. gallon and approximately 25 cents per
kilometer tolls plus often a $1.50 terminal fee provide an
excellent funding base for roadway construction and
maintenance.

The Panel visited the equipment display at the
Permanent International Association of Road Congresses
(now World Road Association—PIARC) meeting in
Seefeld, Austria. This was the largest display and
demonstration of winter maintenance equipment in
Europe. Snow blowers, plows, trucks, loaders and
spreaders demonstrated advanced technology and increased
capacity to that found in the U.S.

Since the price of salt in Japan and Europe averages
about $250 per short ton, chemicals are used very
sparingly. They always prewet salt or abrasives at the
spinner with brine or liquid calcium chloride to reduce
material loss and speed up the melting process. Hopper
spreaders are designed with plastic storage tanks for liquids
that tuck under the spreader’s sloping sides. Most units
have ground speed orientation or fifth wheel sensing for
better spread rate accuracy.

Snow plows are usually heavier than U.S. plows,
some have independent one meter sections that conform
better to the pavement cross section or varying crown
with blades made of metal, plastic or rubber. Some plows
have foldout sections to increase plowing width. To
reduce snow over spray and increase operator visibility, a
canvas snowplow shield is mounted about 25 cm above the
snowplow. This shield traps most of the over spray and
forces it under the truck.

WINTER TRAFFIC MANAGEMENT SYSTEMS

Roadway weather information systems in Europe and
Japan provide impressive amounts of information to both
road maintenance operators and the motoring public.
Typical climate sensors include ambient air and pavement
temperature, wind speed and direction, humidity and road
brine concentration. There are video cameras mounted
along the roadside that provide a visual observation of
road and weather conditions. The Hokkaido
Development Bureau designed a prototype winter
maintenance information vehicle that has a suite of sensors

and visibility imagers on-board that provides a moving
assessment of roadway and weather conditions. This
vehicle also gathers information on pavement temperature
and rolling wheel friction.

This information is brought to a central traffic
management station via land line or radio datalink.
Experienced traffic engineers and meteorologists are on the
staff of these management centers. These centers can
change the speed limit and information signs on a section
of roadway remotely and selectively close or limit access
to sections of the roadway. They can automatically call
for emergency services. Information developed in these
traffic management centers is distributed to the motoring
public through extensive audio and video displays at rest
areas and information sites.

IVHS FOR MOTORISTS

Japan utilizes advanced global positioning satellite (GPS)
systems for tracking vehicles and reporting information to
their management systems. Nearly all the government
vehicles used to transport the Panel in Hokkaido had GPS
and a television monitor that reported the vehicle’s current
position and direction of travel on a moving street grid
background. Technology using Intermittent/Minimum
Zone Mode Communication coupled with digital route
maps allow motorists to be informed on-line and en-route
of potential delays or hazards and offer alternative route
planning.

PANEL RESEARCH AND TECHNOLOGY
TRANSFER RECOMMENDATIONS

The Panel prepared a brief summary report with
technology program and transfer recommendations at the
end of the trip. The document served as the basis for the
National Cooperative Highway Research Program
(NCHRP) Research Results Digest Number 204 published
in January 1995 (2). The NCHRP Digest summarizes
findings and recommendations of the international tour
and dclincates the guidance found in the AASHTO
Administrative Resolution that calls for the establishment
of a Winter Maintenance Program (WMP). AASHTO’s
concept for the WMP is:

AASHTO subscribes to the concept that Member
Departments, and appropriate agencies in the nation’s
counties and cities, should consider developing and
adopting for their vespective jurisdictions a system
concept for snow and ice control on their highways,
roads and streets, addvressing the vebicle, the driver, and



the equipment and practices for managing roadway and
bridge snow and ice, and designed to assure that the best
technologies in the world are properly and effectively
used in the United States.
The goals for such a system concept should be to:
-sustain or improve levels of winter maintenance
service with significant cost/benefit improvements;
-provide an enhanced level of environmental
protection; and
-increase the safety of driving under winter
conditions.(2)

The AASHTO Administrative Resolution recommended
the use of funding under NCHRP Project 20-7 and the
establishment of the AASHTO Winter Maintenance
Policy Coordinating Committee to monitor and advise on
a full program of winter maintenance activities delineated
in the following tasks:

Task 1--Develop a comprebensive guide for establishing
a systems approach to snow and ice control. This will
probably be a guide manual or bandbook designed to provide
state and local agencies comprebensive guidelines for snow
and ice control programs under applicable geographic and
environmental conditions.

Task 2--Establish an AASHTO Snow and Ice Pooled
Fund Cooperative Program (SICOD). The purpose of this fund
would be to use pooled funds to underwrite the costs of testing
snow and ice control technologies not now in use in the
United States.(2)

ACCOMPLISHMENTS

Accomplishments at the writing of this paper, April 1996,
are: the NCHRP fund has been established; a Winter
Maintenance Policy Coordinating Committee consisting
of members from AASHTO, the National Association of
County Engineers (NACE) and the American Public
Works Association (APWA), has been appointed and has
met several times; and a national workshop (to address
tasks one and two above) was held. Workshop
participants developed a working outline and an action
plan for preparing and publishing the comprehensive
winter maintenance guide manual and developed
recommendations for the administrative and operating
concepts and procedures to be used in the establishment
and operation of the SICOP program.
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OTHER ACCOMPLISHMENTS BY THE PANEL

Panel members have published articles in trade magazines,
written and presented technical papers at conferences and
national workshops, and actively tested international snow
and ice control products in their agencies since returning
from the tour. This has resulted in some lower cost and
less complicated products being implemented in snow and
ice control operations. Examples of these lower cost
products include: Jowa uses more than 200 snow plow
shields (European idea) to increase operator visibility and
increase radiator and windshield life (3); Kansas City,
Missouri uses an endgate to cover the snow plow
moldboard (Japanese idea) to retain snow spoil when
plowing across intersections; Minnesota has tested and
published the results of many snow and ice control
innovations, foreign and domestic, as part of its
operational research program (4); and many states are now
using prewetting and liquid applications of ice control
materials and making their own brine to support these
operations (European, Japanese and United States research
ideas).

These lower cost and less complicated ideas can be
built and tested by individual states, but the more
complicated and expensive products such as the rearward
(one-lane) snow-conveying rotary snow plows or the
improved winter maintenance management systems the
Panel saw demonstrated in Japan and Europe will need the
attention of the Winter Maintenance Program to fund and
insure tests are carried out in a fair and credible manner.
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MINNESOTA DEPARTMENT OF TRANSPORTATION /FINNISH NATIONAL ROAD

ADMINISTRATION—-MAINTENANCE TECHNOLOGY EXCHANGE PARTNERSHIP

Piivi K. Martikainen and Jobn H. Scharffbillig
Minnesota Department of Transportation

ABSTRACT

The Minnesota Department of Transportation (Mn/DOT)
and the Finnish National Road Administration (Finnra)
conducted a maintenance worker exchange during the
winter of 1995-96. The intent of this exchange was for
both agencies to get detailed knowledge of each other’s
winter road maintenance operations, equipment and
materials through hands-on involvement. The exchange
program is of obvious benefit to both parties. Finnra has
many equipment and operational innovations of interest
to Mn/DOT. Some of the more interesting equipment
innovations are automatic greasing systems for graders and
other equipment, automated grader mold board control
systems to obtain precise vertical and horizontal control,
a floating system for grader attachments to obtain better
control of the front plow, wings and blades, and employs
various toothed blades and rubber slush cutting edges.
From an operational perspective, Finnra’s use of self-
directed work teams, and the emphasis Finnra places on
local managers and operators working toward reducing
costs enables them to compete effectively with private
industry.

Similarly, Finnra’s exchange worker will return to
Finland with new equipment, operation and training ideas
for possible implementation. These include zero-velocity
salt/sand spreading technology, fiber optic lighting for
snow plows, mechanical icebusters, and carbide cutting
edge technology. Operational items include the greater
use of snow blowers, side wing plows and siping of truck
tires for greater traction.

In summary, both agencies have found innovative
and cost-effective ways to deliver their service to the road
user. From this first worker exchange experience,
Mn/DOT will examine similar opportunities with other
agencies.

PROGRAM HISTORY

The Minnesota Department of Transportation (Mn/DOT)
has a long history of partnering with other agencies in
transportation related projects, especially in winter
maintenance research. Mn/DOT also has facilitated

various technology transfer and employee training
programs throughout Minnesota and the US. As part of
its Maintenance Technology Exchange Program,
Mn/DOT sent John Scharffbillig, a Highway Maintenance
Supervisor to work with Finnra for three months during
the winter season of 1995-96. He was stationed at the
Raisio Roadmaster Area on the southwestern coast of
Finland. In turn, Mn/DOT hosted Marko Kolattu, a
Senior Highway Maintenance Operator from Finnra for
the same period. Marko was stationed in Mn/DOT’s
Nopeming Maintenance Subarea in District 1, Duluth,
which borders Lake Superior. These locations are
illustrated in Figure 1.

Finnra and Mn/DOT have a long history of
cooperative efforts and personnel exchange dating back to
the early 1970's. Finnra and Mn/DOT have an on-going
joint research program with two active projects—Salt
Usage Comparison Study and the Maintenance
Technology Exchange Partnership.

PROGRAM GOALS

The purpose of the worker exchange was for each agency
to get first-hand knowledge of the other’s road
maintenance (particularly winter maintenance) equipment,
materials and methods of operation to improve their own
related technologies through research, innovation,
implementation, technology transfer and employee
training. This knowledge was gathered by observing the
host agency’s field operations including actual hands-on
involvement in those operations, and participating in the
daily work activities according to a detailed work program
approved by Mn/DOT and Finnra. The exchange also
included visits to local maintenance equipment
manufacturers to obtain the latest knowledge on the host
country’s designs and innovations.

Through this exchange, each agency received
significant benefits. First, the exchange workers toured
various maintenance areas giving field personnel a chance
to learn from them and their reactions relating to the
differences between the two agencies’ maintenance
operations. Following the exchange, each agency has had



FIGURE 1 Minnesota Department of Transportation-
parinering-Finnish National Road Administration.

their exchange worker as a resource for field research and
personnel training.

PROGRAM FUNDING

Both operators remained full-time employees of their own
respective agencies throughout the three-month exchange
period. Funding for the related costs was provided by
each agency for their own operator. However, to limit
the need for actual money transfers between agencies, an
agreement was prepared to address the exchanging of costs
and expenditures accumulated during the Program. In
addition, a formal Partnership Agreement was signed to
specify issues relating to liability in the case of an accident
during the exchange involving motor vehicle/personal
injury claims.

INNOVATIVE METHODS AND EQUIPMENT
FROM FINLAND

John Scharffbillig’s experience in Finland has shown that
the Finnra uses innovations in equipment and methods
that are of immediate interest to Mn/DOT, as explained
in detail in his monthly reports (2, 3). A few of the more
important ones are described in the following paragraphs.

Equipment
The principal working parts of the automatic safeguard

greasing system are the air-operated piston type pump and
lines to the grease fittings. This system works similar to a
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conventional grease gun. A spring pushing on a plunger
maintains a constant pressure to the fittings. The system
runs both on an automatic timer or via a manual switch.
When the unit is started, a solenoid opens letting the air
pump power the grease flow to the fittings. Warning
lights on the system let the operator know when it is out
of grease, clogged or other problems. Use of the safeguard
greasing system has significantly reduced equipment
maintenance costs in Finnra,

Automatic slopper control is used when doing final
grading of a surface. It is set to the angle wanted and it
automatically keeps the grader blade at the selected level
and angle. This function is controlled by sensors mounted
on the turntable and the body of the grader. When the
grader goes up or down, this system makes the needed
corrections automatically, instead of the operator having
to guess at the modified setting.

Super Kellunta floating system is installed on Finnra
graders to obtain better control of the snow removal
attachments including front plow, side wing, main blade
and rear drag blade. This system permits the attachments
to be either fixed in place or floating with a capacity to
add down pressure on the attachments when needed. The
system allows the front plow to be angled up or down,
sideways, etc. The grader controls are configured for
grading with the main blade controlled to a finer degree
than the other attachments.

The Finnra uses advanced blade cutting edge
technologies. Included are the Olofsfors P-300 “Swiss
Cheese” blade, carbide-tipped pin blades, rubber slush
blades, and a quick-attach system to mount these cutting
edges. The Swedish P-300 blade has proven effective in
removing compacted snow and ice, and it leaves a grooved
surface for detention of deicing chemical or brine. The
adjustable rubber blade mounted behind the front plow or
the underbody blade is widely used for the removal of soft
snow and slush. This eliminates the need for more
chemical to melt the snow or slush. The quick-attach
mounting system for the various cutting edges is a unique
and time saving innovation.

Mn/DOT has already tried two sets of the P-300
system. There is a big difference in the principal behind
the operation of the P-300 blade compared with the
standard Mn/DOT blades, specifically in the mounting
angle. It is now expected that with John’s practical
experience, Mn/DOT will implement the use of this new
cutting edge technology.

Operations
As for operational procedures there are many features that

were highlighted in John’s reports (2, 3). The local
Roadmasters are very aware of operational costs and how
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FIGURE 2 Olofsfors P-300 cutting edge, manufactured
in Sweden.

they compare with the private sector. With Finnra’s drive
to reduce operational costs, all the managers and workers
are aware of activity costs and are attempting to reduce
those costs further. Maintenance forces in Finland
compete with private industry for maintenance work.

The Finnra maintenance workers operate in self-
directed work teams. Each employee is asked to
contribute ideas to improve maintenance and the
maintenance program, and is aware of the goals for
efficiency, and generally has a strong sense of personal
responsibility to help meet these goals.

INNOVATIVE METHODS AND EQUIPMENT
FROM MINNESOTA

During his stay in Minnesota, Marko Kolattu visited six of
the fourteen maintenance areas within Mn/DOT and two
county highway departments. He received the Minnesota
Commercial Driver’s License (CDL) and operated very
diverse equipment. Marko concentrated on issues of
concern to maintenance operators, and described his
findings in monthly reports (4, 5. Marko’s overall
impression was good, and he was impressed with
Mn/DOT’s Traffic Management Center (TMC) in
Minneapolis and the Highway Helper Program. He also
was interested in the way Mn/DOT set up its operator
training in units, covering topics such as hazardous
materials, truck operating training, etc. and requiring its
maintenance field personnel participate in the training in
regular intervals.

At the end of Marko’s visit he identified the zero-
velocity spreader idea, fiber optic warning lights and some
specific snow removal equipment as the things with most
potential for successful implementation within Finnra.
These ideas are briefly described below.

-

FIGURE 3 Tyler zero-velocity spreader.

Zero-Velocity Spreader Concept

Zero-velocity spreading of salt and/or abrasives is a
technology under development in Minnesota and several
other states. This technology, as developed through the
Tyler spreader in Minnesota, can substantially reduce salt
and/or sand use and increase the maximum speed of the
application. It is also considered that the technology has
a direct application within Finnra’s maintenance
operations. Figure 3 illustrates a conventional Tyler zero-
veloeity spreader unit on 4« Mu/DOT truck.

Fiber Optic Warning Lights

Fiber optic warning lights are currently being field tested
by Mn/DOT to provide better snowplow visibility in a
snow cloud to the other road users. Initial tests show that
the fiber optic lights effectively pierce the snow cloud and
define the snow plow within. Marko Kolattu believes this
innovation will soon be part of a standard maintenance
vehicle package in Minnesota, and that it will be of great
interest in Finnra.

Snow Removal Equipment

Other Mn/DOT maintenance operations equipment of
interest to Finnra includes the grader-mounted Icebuster™
scarifier, illustrated in Figure 4. This is a rotating star
wheel device for mechanically crushing hard packed snow
and ice which are then removed with the grader blade.
Also, Mn/DOT uses carbide cutting edges. Tests
conducted a few years ago in Finland did not produce
similar results due to a different blade operating and
mounting technique. Marko Kolattu now expects that



they can be effectively used in Finland with a small change
in their operating technique.

In snow removal operations, Mn/DOT uses medium
and large truck-mounted snow blowers to remove large
drifts or snow banks. They are used also for clearing snow
from intersections, interchange areas and under bridges.
While not used in Finland, Marko believes that they
would effectively complement Finnra’s snow removal
fleets. Mn/DOT also uses side wings to remove snow
from both median and right shoulders. Mn/DOT keeps
the shoulders clear of snow including the leveling of banks
beyond the shoulder where Finnra does not typically
clear. Again it was seen by Marko that opportunities exist
within Finnra’s operations for greater use of side wing
plows.

An additional idea of interest was the siping of truck
tires in the Duluth District. This is a method of closely
spacing shallow transverse slices on the tire wearing surface
to increase friction on slippery surfaces.

IMPLEMENTATION AND TRANSFER OF NEW
TECHNOLOGY WITHIN MN/DOT (2, 3)

To improve the transfer of ideas to state and local
maintenance personnel in Minnesota, John Scharffbillig
will make presentations and participate in workshops
conducted under the Minnesota Circuit Rider Technology
Transfer Program for one year. This program is jointly
sponsored by Mn/DOT, the University of Minnesota’s
Center for Transportation Studies, the Minnesota Local
Road Research Board, and the Federal Highway
Administration.(1)

In addition, selected innovations are to be subjects
for further maintenance operations field research within
Minnesota. The exchange worker is expected to be an
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active champion, sponsor, or principal investigator for
Mn/DOT maintenance research projects developed and
approved based on the technology brought from Finland.
It is expected also th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>