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EXECUTIVE SUMMARY

Steps are described for converting the Navy’s Mobile Utilities System Equipment
(MUSE) diesel generators to dual fuel (natural gas plus diesel fuel) operation to reduce their NOx
(nitrogen oxide) emissions. The Navy maintains a fleet of 60 such units, powered by EMD 645
engines, that range in size from 1500 kW to 2,500 kW. As the current MUSE diesel units meet
few existing local NOx emission regulations, newer more-restrictive regulations (a trend now
ensured with the proposed further tightening of the National Ambient Air Quality Standards)
will ensure that the areas accessible to MUSE diesel generators will continue to decrease.
Therefore a means for providing low-NOx MUSE generators that will not compromise the
operational capability of the fleet is required.

This guide is based upon the experience gained from converting to dual fuel operation a 1500
kW MUSE unit that is now installed and operating at the King’s Bay Naval Station in Georgia.
Information on the conversion process, operation, maintenance and the cost of the dual fuel
conversion are provided.

NOx emission reductions of 70 percent were demonstrated with this unit; NOx reductions of
greater than 90. per cent are achievable using an additional secondary ignition cell. Capital
requirements for the retro-fit dual fuel conversion of a 2500 kW MUSE engine generator are
shown to be $158. per kilowatt (including the secondary ignition cells). This is compared to the
cost of replacing this same MUSE unit with a new spark-ignited, low-NOx, natural gas engine.
The cost for the latter is $560. per kilowat. For a 2500 kW MUSE unit, these numbers translate
into a capital savings of over $1.0 million if the option of retro-fitting for dual fuel operation is
chosen. Operating costs for dual fuel (natural gas) operation of MUSE generating sets are also
substantially reduced over that of unmodified diesel operation. For the case evaluated, the cost
for natural gas firing is 4.1 cents per kW-hr while that for diesel firing is 8.9 cents kW-hr.

A further major operational (strategic) advantage of the retro-fit dual fuel unit over that of a
new, spark-ignited, natural gas engine is that it can be made to operate as either a full diesel or a
full natural gas unit.
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1.0 INTRODUCTION

This user data package describes steps in the conversion of the Navy’s Mobile Utilities
System Equipment (MUSE) transportable diesel generator sets from diesel to dual fuel (natural
gas plus diesel fuel) operation. These diesel generator sets are part of a fleet of 60 such units
maintained by the Navy’s MUSE detachment for deployment to Navy, other military, and
sometimes civilian uses throughout the world (Ref 1-1). The units range in size from 750 to
2,500 kW and are powered, largely, by EMD 645 engines manufactured by the ElectroMotive
Division of the General Motors Corporation. The engines are medium-speed (750 or 900 RPM),
have 8 to 20 cylinders with cylinder displacements of 645 cubic inches, and use a 2-stroke
operational cycle. This guide is based on the experience gained from converting to dual fuel
operation a 1,500-kW MUSE unit that is now installed and operating at the King’s Bay Naval
Station in Georgia (Fig. 1-1). The technology used for this conversion was provided by ECI Inc.,
Tacoma, Washington. MUSE personnel, assisted by ECI technicians, installed the required
engine modification hardware and the electrical and engine skid modifications.

1.1 Environmental Compliance and Navy Need

Of the Navy’s many diesel engines, those installed in its MUSE generating equipment for
temporary (<4 years) stationary electrical power were the first off-road Navy engines to be
affected by environmentally-mandated nitrogen oxide (NO,) emission regulations. As MUSE
units are transportable but are typically employed at a given site for periods exceeding that
normally used to define ‘temporary power’ (temporary power is often defined as service not
exceeding one year), they must comply with air pollution regulations that apply to stationary
power generating equipment. But regulatory emission standards for stationary power units are
highly variable as they both depend upon the degree of nonattainment in the surrounding air
control region and upon the air control district in which the region is located. Therefore MUSE
units must have a capability for meeting these variable standards as the units are moved from one
Jocation to another. Such regulations can vary from none to those applicable in the South Coast
Air Quality Management District (SCAQMD) of California, where emission limits are <1.0
gram/horsepower-hour (gm/HpH). As NO, emissions from current MUSE units range anywhere
from 12 to 16 gm/HpH, attempts to operate them in areas in which they do not comply with
emission regulations could result in the imposition of heavy fines and as well as ordered shut-
down by civilian authorities. Therefore a means for reducing NO, emissions from them is
required.

The following factors and criteria were determined to be important in evaluating
approaches for reducing NO, emissions from MUSE diesel generator sets: (a) most MUSE
engine generator units are driven by an EMD 645 engine, (b) when burning diesel fuel, these
EMD engines do not meet the emission requirements in many areas of the country where the
Navy operates, (c) although transportable, MUSE units must comply with emission regulations
that apply to stationary devices because of their extended time on site, (d)the required
transportability of the MUSE units limits the types of NO, emission control technology that can
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be used with them, (¢) the large number of MUSE units in inventory and the cost of their
replacement requires that a retrofit rather than a replacement technology be acquired for reducing
NO, emissions, (f) a capability for firing diesel fuel must be maintained to meet the Navy’s
operational commitments, (g) full generator power capability must be maintained, (h) reliability
‘equal to or better than that for the diesel-only configuration is needed, (i) the technology selected
must be within the technical expertise of MUSE and onsite personnel who will be required to
operate and maintain the modified units, and (j) operational costs must not escalate appreciably
beyond those incurred when the MUSE unit is operating as a diesel-only engine.

1.2 Selection of NO, Control Technology

Two general approaches can be used for reducing NO, emissions from diesel engines:
(a) modification of the engine combustion process so that fewer NO, species (nitric oxide, NO,
and nitrogen dioxide, NO,) are generated, and/or (b) treatment of the exhaust gases to destroy the
NO, species generated to prevent their emission into the atmosphere. Of the many variations of
these approaches that have been investigated, two were considered for application to MUSE
diesel generator sets: (a) conversion of the engine to dual fuel operation, and (b) the use of
selective catalytic reduction (SCR) for treatment of the engine exhaust stream. Although SCR
offers the advantage of bringing the MUSE engine generators into immediate full compliance
with the most restrictive of NO, emission regulations, its application would add significant cost,
complexity, and size (requiring that an additional module be transported) to the transportable
MUSE engine generator set, and would also introduce ammonia (NH3, a hazardous chemical) at
the operating site. NH3, which is used as the chemical reductant for NO,, is not only a hazardous
chemical, but, itself, presents a threat to the environment. Therefore the SCR process using NH3
as the reductant was not considered to be a practical solution for reducing NO, emissions from
MUSE diesel generator sets.

The recommended application of dual-fuel technology (or alternative fuel) is based upon
a retrofit conversion kit designed, specifically, for the EMD 645 engine by Energy Conversions,
Incorporated, Tacoma, WA. The performance, reliability, and emissions reduction of that
conversion technology have been demonstrated in a single application on two tandem
locomotives used for coal line-haul operations on the Burlington and Northern Railway between
Montana and Wisconsin (Ref 1-2). Liquefied natural gas (LNG) from a separate LNG fuel car
was used to fuel the tandem locomotives, and NO, reductions of nearly 70 percent (to 4.0 from
the 12.0 gms./Hph produced when burning diesel fuel) were achieved. Because of these
demonstrated results, because no other competing technology could make similar claims with the
EMD 645 engine, and because this technology satisfied the criteria for selection of a MUSE NO,
reduction technology (discussed above), it was selected for installation and testing on a 1,500 kW
MUSE diesel generator set.

1.3 Installation and Testing of Prototype Dual Fuel MUSE Diesel Generator
The retrofit, dual fuel conversion was completed in July 1995 at the Construction
Battalion Center in Port Hueneme, California. Although previously tested in a locomotive

application, it had not been used for stationary power. And although the application to stationary
power is, in ways, not as complex as that for locomotives, it is different and presents other
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significant challenges. To meet these new challenges, to accommodate the use of natural gas
within the MUSE unit, and to provide a capability for the remote operation of the engine
generator unit, a new automated control system was designed and installed along with the dual-
fuel conversion. Operational checkout tests of the modified unit provided the emissions data that
are summarized in Table 1-1. The tests also showed: (a)that the unit could be started,
electrically synchronized with a grid, stopped, and otherwise controlled remotely, (b) that full
engine generator set power could be produced, and (c) that NO, emissions could be reduced by
65 percent, the approximate level anticipated by the dual fuel conversion. The modified unit was
then transported to SUBASE King’s Bay Georgia where it is now undergoing field testing.
Further engine efficiency, fuel usage, power, and emissions data will be obtained during the field
test period along with maintenance and other operational and control data.

1.4 Organization of the Guide

This guide contains the information necessary for installing, operating, and maintaining
the dual fuel conversion hardware supplied by ECI Inc., Tacoma WA, when used on MUSE
diesel generator units that utilize the EMD 645 engine. Section 2 reviews some of the factors
involved in NO, production in 2-stroke diesel engines and some of the efforts that have been
undertaken previously to minimize those emissions. Suggestions are included for making further
important reductions in NO, emissions from the EMD 645 engines. Section 3 describes the
fundamental elements of the ECI dual fuel conversion kit, and Section 4 provides detailed
descriptions and installation instructions for the conversion sub-systems, as defined for this new
application. Section 5 describes operational procedures of the converted unit and Section 6
discusses field site installation, maintenance, and training requirements. Section 7 provides
capital and operating costs for the retrofit, dual-fuel MUSE diesel generator.

1-3
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(b) End view showing natural gas supply line.

Figure 1-1. MUSE 1,500 kW dual-fuel engine generating set at SUBASE, King’s Bay, Georgia.
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Table 1-1. Comparison of Measured Emissions Before and After Dual-Fuel Conversion

Engine Emissions
Power NO, CO Particulates
Fuel (hp) (grams/hph) | (grams/hph) | (grams/hph
Before Diesel 2,119 10.5 0.25 0.35
Conversion
After Dual Fuel 2,119 2.40 9.2 0.211
Conversion Dual Fuel 2,402 3.42 11.4 -—-

1-5
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2.0 NO, REDUCTION FOR LARGE, TWO-STROKE DIESEL ENGINES

Of the many combustion devices having large commercial usage, diesel engines have
provided the greatest technical challenges to achieving significant NO, reductions. Two general
approaches can be used to reduce NO, emissions from them: (@) modification of the engine
combustion process so that fewer NO, species (nitric oxide, NO, and nitrogen dioxide, NO,) are
generated, and/or (b) treatment of the exhaust gases to destroy the NO, species generated and to
prevent their emission into the atmosphere. As diesel engines are lean-burn (stoichiometrically,
fuel lean), the catalytic reactors used by spark-ignited gasoline engines to reduce NO, and
hydrocarbon emissions and which require near-stoichiometric combustion, are not effective for
reducing the concentrations of the same pollutant species from diesel exhausts. Further, diesel
engines operate at higher compression ratios than gasoline engines and combustion in them
proceeds according to a complex, heterogeneous diffusion process as opposed to the simpler,
easier-to-control, homogeneous flame propogation that characterizes gasoline engine combustion
(see Fig. 2-1). The higher compression ratio of the diesel engine leads to its greater efficiency
and the diffusion-controlled combustion is what permits its operation at higher pressures without
the occurrence of destructive knocking. However, both of these factors lead to higher
combustion temperatures and increased NO, production in the diesel engine.

Most of the work for reducing NO, emissions from diesel engines has been with smaller
sized engines. Little research has been carried out on engines as large as the EMD 645. And as
the complexity of combustion increases and one’s ability to control those processes decreases
with engine size, progress in NO, emissions reduction from larger engines has been comparably
slow. However, as characterization of the fundamental processes in diesel engines improves, the
results for controlling NO, emissions from both large and small engines may improve. The
Navy’s Office of Naval Research (ONR) is sponsoring fundamental research (see Refs 2-1, 2-2,
and 2-3) on the control of NO, emissions from the larger engines used for boat and ship
operations. Those results could also find an application with MUSE engines. However, the
practical application of that research, if successful, is several years in the future. A further
complication with the EMD 645 engines is that they are 2-stroke engines. This reduces the
number of engine parameters available for controlling or altering the internal engine processes
for the purpose of NO, reduction. Further, most work on NO, reduction from diesel engines has
been on those of the 4-stroke design. Therefore, the quantity of engine research to draw on for
reducing NO, emissions from the EMD 645 engine is limited.

2.1 Exhaust Gas Treatment

Exhaust gas treatment provides one option for significantly reducing NO, emissions from
diesel engines, although the additional equipment and chemicals required for its implementation
works against its application on MUSE units. Two such approaches are available commercially;
others are being developed. Those available commercially use a chemical reductant either with
catalysts (selective catalytic reduction (SCR)), or without catalysts (selective non-catalytic
reduction (SNCR)). The reductants used are usually ammonia or a related compound such as
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urea. Other than the identification of a useful chemical additive, the development of an
appropriate catalyst is the major technical problem in the development of a useful SCR approach.
Although SNCR requires no catalyst, other chemical routes and temperatures for the destruction
of NO, must be used. The general features and flow paths of the two approaches are contrasted

in Figure 2-1.

Ammonia has been the chemical most used for NO, reduction, but recent years have
seen development of the use of related chemicals (e.g., urea and cyanuric acid). Ammonia and
urea have both been used in SNCR and SCR processes, but the temperature window of their
application for SNCR is too high to be useful with diesel exhausts. The use of urea in SCR
processes is a rather recent development and offers significant advantages over that of ammonia.
SCR (urea) provides at least the NO, reduction that SCR (NH,) provides (both >90 percent), but
without the burden of being either a hazardous chemical or an environmental threat. The use of
SCR (urea) was developed in Europe and is currently available only from European suppliers.
Cyanuric acid has been used for SNCR (non-catalytic) processes. Its major claim is that it is
more effective than either ammonia or urea at the lower temperatures characteristic of diesel

exhausts.
2.2 NO, Reduction From EMD 645 Dual-Fuel Engines

Several efforts have been undertaken to use natural gas with 2-stroke diesel engines.
Those of interest to the MUSE engine generator program are summarized in Table 2-1. The first
line provides operating data from current MUSE EMD 645 diesel engines as a baseline for
comparison. The remaining cases are for engines from the same locomotive-type engine series
(the EMD’s 567, 645, and 710, cylinder displacement in cubic inches) and the Detroit Diesel 92
(a truck-sized engine). Fuel type is either dual fuel (DF) or natural gas (NG), and charging of the
engine cylinders with natural gas is described as either early or late in the compression stroke.
For early injection (EI), a low injection pressure (100 to 300 psi) can be used. Air flow and
mixing patterns within the cylinder then produce a nearly homogeneous fuel/air mixture prior to
ignition. For late cycle injection (LCI), 2 much higher pressure (>3,000 psi) is required, and as
pre-mixing of the fuel and air is not achieved prior to ignition, a diesel-type combustion takes
place. Ignition of the natural gas charge in both of these cases is by injection of a pilot quantity
of diesel fuel (4 to 7 percent of the amount required for full diesel operation) into the cylinder at
the time of ignition. Significant NO, reduction is achieved with the EI process. NO, reduction is
much more difficult to achieve for the LCI process.

Anticipated advantages of LCI are increased engine thermal efficiency (a higher
compression ratio diesel cycle can be used) and avoidance of the combustion “knock” that limits
power production in Otto cycle (homogeneous combustion) engines. Disadvantages of LCI are
the technical problems and high cost of providing natural gas at pressures greater than 3,000 psi
and the difficulty in achieving reduced NO, emissions in higher-pressure, higher-temperature
combustion environments. The advantage of reduced fuel costs due to the use of natural gas
rather than diesel fuel is provided by both approaches.

The data of Case 1 were obtained in 1982 from a locomotive engine fueled from
compressed natural gas cylinders carried on a railroad flatcar (Ref 2-4). The major limitation
observed in that test operation was the reduction (20 to 30 percent) of available engine power
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caused by the onset of combustion knocking. In Case 2, the Department of Energy (DOE)
sponsored single-cylinder engine tests (Refs 2-5 and 2-6) to determine if improved engine
thermal efficiencies and power production could be obtained with a diesel-type (late cycle
injection) combustion process for dual fuel operation. Although substantial progress was made in
these tests, engine efficiency and exhaust emission objectives were not achieved. The DD 92
spark-ignited, truck-sized engine (Case 3) had significantly different requirements than those for
the larger locomotive engines. Its manufacture was discontinued after several years’ production.

Case 4 was undertaken by many of the same parties involved in Case 1, but with several
changes. These included: using turbocharging rather than positive displacement compressors for
charge-air compression; changing the piston crown design to improve fuel-air mixing and to
reduce the compression from 14.5 to 12.8; altering the head configuration to allow admission of
natural gas into the chamber using electronic rather than mechanical controls; incorporating
additional charge-air cooling for the engine; modifying the controls of the injector rack; and
incorporating single-bank engine idling to reduce emissions and improve engine efficiency (Ref
2-7). The results achieved were sufficient to convince the Burlington and Northern Railway to
install retro-fit packages designed, specifically, for the EMD 645 engine on two tandem
locomotives for coal line-haul operations between Montana and Wisconsin. Liquefied natural gas
(LNG) was used as the fuel, and a separate LNG fuel car was constructed to provide fuel. An
LNG refueling station for the round trip was provided in Minnesota. The performance,
reliability, and emissions reduction of that technology were demonstrated in a program that
continued for over two years. The technology represented by this demonstration test appears to
be the only engine-related retro-fit technology available for achieving significant NO, reductions
with the EMD 645 engine.

The last entry in Table 2-1 is for development tests that have been underway at the
Southwest Research Institute (SWRI) for development of the late, high-pressure injection of
natural gas. Data regarding the performance, emissions, cost, and reliability of this technology
have not yet been published.

2.3 Further Reduction of NO, Emissions

Although the 70 percent reduction in NO, demonstrated by the results of Case 4 is an
important step forward, further NO, reductions appear to be available with some additional
modification of the dual-fuel EMD 645 engine. These have centered on the use of pre-ignition
chambers and/or separate diesel injection igniters (see Table 2-2). The results presented in this
table show that NO, emissions for dual fuel injection can be reduced to the level of 1.0 gram/hph
while the required pilot fuel is reduced to about 1.0 percent (Reference 2-8 and 2-9 indicate that
CO, hydrocarbon, and particular emission are also significantly reduced.). Although the use of
pre-chambers in engines is a familiar concept, their use with dual fuel engines has been limited
and their significant advantages have not been widely explored. In the cases shown, the
Wartsilla is a somewhat complex multi-fueled application requiring high pressure inj ection (Ref
2-10). It would not be useful for Navy MUSE units. Cooper Bessemer (Cases 2 through 5)
conducted tests that started with the objective of improving the operation of large spark-ignited
natural gas engines and resulted in major improvements in their dual fuel engines as well (see
Fig. 2-2, Ref 2-8). The Cooper Bessemer engines were all four-stroke units. Fairbanks-Morse
(Ref 2-9) achieved results similar to those of Cooper Bessemer with a 900-rpm, two-stroke,
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opposed-piston engine. A plan view of the injector arrangement for the natural gas, diesel, and
pre-chamber injectors of the Fairbanks Morse application is shown on Fig. 2-3. When the engine
is operating in the diesel mode, both diesel injectors are used. In the natural gas mode, a single,
low-pressure gas injector is used along with a diesel-fired pre-ignition chamber. Figure 2-4
shows Fairbanks-Morse data for four modes of engine operation: standard diesel, standard dual
fuel, spark ignition, and Enviro Design pre-chamber. The numbers within each region of the
figure refer to the number of data points used to define that region, NO, emissions and thermal
efficiency (brake-specific fuel consumption) are significantly superior for the Enviro-Design.

Pre-chamber parameters affecting the reliability and effectiveness for achieving ignition,
minimum emissions, and minimum pilot fuel are shown on Figure 2-5 (Ref 2-8).

Combustion pre-chambers can be used with dual fuel engines to:

e Further lower NO,, hydrocarbon, CO, and particulate emissions.

e Improve engine thermal efficiency.
e Reduce the required diesel pilot fuel for both two- and four-stroke dual fuel engines.

This technology is now available and could be applied to the EMD-645 to achieve further
important improvements in exhaust emissions and thermal efficiency for dual fuel operation.
Such efforts would require a modest extension of the existing dual fuel technology (low-pressure
injection) already demonstrated on B&N RR locomotives and the Navy MUSE unit. Successful
demonstration of a dual fuel EMD-645 engine with pilot ignition would bring the Navy’s
stationary dual fuel units to the level of NO, required by the most restrictive emissions
regulations in the country for stationary engines.
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Figure 2-1. General features of SCR and SNCR NOx reduction processes.
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Table 2-1. NO, Reduction Technologies Related to EMD-645

Natural Gas
Number Fuel Injection Pilot Diesel NOx
Case Mfgr Strokes Type* Time Pressure % Location |g/hph Other
1 EMD-567 2 DF Early 200 7 Main - Low power, ‘
1982
2 EMD-567 2 DF Late 3,500 2.0 knock Main, 5 Heavy smoke,
limit side wall reduced
efficiency {
SwRI**
3 Detroit 2 NG Early 250 N/A N/A N/A Discont’d
Diesel 92 production
4 EMD-645 2 DF Early 100 6 Main 4 Full power
locomotive,
1992-1995
5 EMD-710 2 DF Late High ? Main ? Results not
available
*DF = Dual Fuel, NG = Natural Gas.
**Southwest Research Institute, Inc. .
Table 2-2. Further NO, Reductions Using Pre-Ignition Chambers {
Natural Gas
Injection Pilot Diesel
Number Fuel Pressure NOx
Mfgr Strokes Type* Time (psig) % Location g/hph Other
Wartsilla 4 MF Late 4,000 5 Main 5 New and
Retrofit
Cooper 4 NG Early Low Spark Pre- 1.5 Std for DF
Bessemer
Cooper 4 DF Early Low 5 Main 5 Optimized
Bessemer
Cooper 4 DF Early Low 1 Main 4 Unstable
Bessemer combustion
Cooper 4 DF Early Low 0.9 Pre- 1 Full power,
Bessemer improved
opacity
Fairbanks-Morse 2 DF Early Low - Main 4.5 -
Enviro Op
Fairbanks-Morse 2 DF Early Low 1.4 Pre- 1 Full power
Enviro Op
*MF = Multi-fuel, NG = Natural Gas, DF = Dual fuel.
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3.0 ELEMENTS OF THE ECVEMD DUAL-FUEL CONVERSION

The EMD 645 two-stroke engine has 8 to 20 cylinders, is of 45-degree V construction,
uses a turbocharger to pressurize the air supply, and has direct diesel fuel injection. It has 4
exhaust valves in each cylinder head and receives its combustion air through ports in the cylinder
liner (Fig. 3-1). When converted to dual fuel operation, natural gas is admitted into the cylinder
by a gas inlet valve (GIV) with direct access to the combustion chamber (F ig. 3-2).

3.1 Natural Gas Fuel

Natural gas is composed principally of methane (CH4), with smaller quantities of other
hydrocarbons, carbon dioxide, water, and other species. The composition of a typical pipeline
natural gas is given in Table 3.1. The non-methane hydrocarbons are often referred to as “heavy
ends;” the multiple carbon atoms in their molecules providing both increased molecular weight
and additional combustion energy because of the greater number of atomic bonds present ina
given volume of gas. The heavy ends contribute more energy (BTUs) per volume of gas than
does pure methane, but do not, necessarily, provide for better engine operation. Natural gas with
a composition of methane and heavy ends that has a heat content greater than 1,100 BTU per
standard cubic foot (SCF) is known as a “hot gas” that can lead to destructive engine knocking.

Methane is a high octane (130) fuel that exhibits excellent antiknock characteristics when
used in spark-ignited engines. However, fuel characteristics that are good for spark-ignited
engines are often undesirable for compression-ignited engines. - The latter require high
compression ratios to heat the air in the cylinder to the point that the fuel will spontaneously
ignite upon injection. When natural gas is used as the fuel a compression ratio enabling the
natural gas to spontaneously ignite would be significantly greater than that required for diesel
fuel and would be too high to maintain reliable engine operation and performance. Therefore
other approaches for igniting the natural gas/air charge must be used.

3.2 Dual Fuel Characteristics

The solution adopted by ECI for igniting the premixed gas/air mixture in each cylinder is
to use a small quantity of diesel fuel as a pilot charge to initiate combustion. Air is admitted to
the cylinder at the bottom of the piston stroke and natural gas is then injected at low cylinder
pressure. As the piston rises to the top of its compression stroke the gas/air charge is
adiabatically heated. The diesel pilot fuel is then injected and the diesel fuel, with its lower
ignition temperature, ignites and sets in motion a flame front through the gas/air mixture.
Combustion chamber temperatures and pressures increase as the combustion front proceeds from
the point of diesel injection. If the pressure becomes too great, autoignition can be triggered
within the unburned air/gas mixture ahead of the flame front. When severe, this autoignition
becomes destructive knock, and is aggravated when “hot gases” are used. To counteract this
potential problem when burning natural gas in the EMD engine, ECI reduced the compression
ratio of the engine from 14.5 to 12.8.
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Although a lower compression ratio usually leads to lower engine power and efficiency,
ECI redesigned the piston crowns and cylinder heads of the EMD 645 to minimize efficiency
losses. It also added an auxiliary water-cooling circuit for the turbo-charger aftercooler to reduce
air charge temperatures to the cylinders. These changes enabled the converted dual fuel engine
to produce full diesel-rated horsepower in both dual fuel and diesels mode of operation in the
locomotive application. Although the thermal efficiency for dual fuel operation is reduced
several per cent from that obtained for full diesel operation, the savings in using natural gas more
than compensates for this reduced efficiency and usually produces significant fuel savings.

Other than being a convenient method for initiating combustion, the dual fuel approach
offers the advantage of a backup fuel system when natural gas is either not available or if a
problem should arise in the gas system. This is an especially important consideration for Navy
MUSE units. On the occurrence of a hazardous situation or engine malfunction while operating
on natural gas, the ECI dual fuel system, controlled by the engine control unit (ECU),
automatically shuts off the natural gas supply and, on-line, switches the engine to full diesel
operation.

Natural gas in the ECI conversion is delivered to the cylinders at low pressure (100 to
200 psig). This involves admission of the natural gas into the combustion chamber when the
piston is near the bottom of its travel and when chamber pressure is low. (High pressure
injection (3,000 psig) entails forcing the gas into the already-compressed air along with the pilot
fuel near the top of the piston stroke.) The major advantages of the low pressure injection system
used by ECI are improved safety, material, and construction concerns, the opportunity to use less
exotic, precision hardware than that required to handle and inject the low-lubricity natural gas at
3,000 psi, the avoidance of a fuel energy penalty for compressing the natural gas to 3,000 psi,
and greater NOx reduction. High pressure injection systems would provide some advantage of
increased horsepower and thermal efficiency, but the results of the development of that approach

are not yet available.
3.3 Engine Operating Sequence

Dual fuel operation of the EMD engine can be divided into four phases: exhaust
scavenging and air charging; gas admission, gas/air mixing and compression; ignition; and power
production. These phases are described below and illustrated by the piston positions shown on
Figure 3-2:

1. The piston is at the bottom of its stroke, starting up. The exhaust valves are open and
the inlet air ports in the liner are uncovered. Compressed air (from the turbocharger
at about 17 psig) is forced from the air box that surrounds each cylinder into and
through each cylinder, displacing the exhaust gases from the previous power stroke
out through the exhaust valves and into the exhaust system.

2. Admission of natural gas into the cylinder begins with the GIV opening after the
cylinder has been recharged with fresh air and after the exhaust valves have closed.
The quantity of fuel gas charged to the cylinder is controlled by a Gas Flow Control
Valve (GFCV) and the time of opening of the GIV, both of which are controlled by
the Engine Control Unit (ECU). The discharge of the gas into the cylinder under
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pressure along with the air motion established by the recharging of the air provides
fluid motion for mixing the fuel and air charges. The upward movement of the piston
further enhances the mixing and compresses the air/gas charge to a temperature
sufficient for ignition of the diesel pilot fuel.

3. Just prior to the arrival of the piston at top-dead center (TDC) a small amount of diesel
pilot fuel is sprayed into the cylinder by the diesel injector. The pilot fuel is ignited
by the hot gases and, in turn, serves as an ignition source for the natural gas/air
mixture that is now nearly homogeneously mixed.

4. The fuel/air mixture burns, increasing the temperature and pressure within the cylinder
and driving the piston down during the power stroke.

5. The exhaust valves open as the piston passes 106° after TDC to allow the exhaust
gases to escape the power assembly, and the inlet air ports open at 135° to allow the
charging air to scavenge the exhaust gases and to replace them with a fresh air charge.
The piston continues to BDC where the cycle repeats itself.

3.4 Conversion Kit Components

The ECI conversion kit converts the standard EMD diesel engine to dual fuel operation
by replacing the pistons and heads, adding gas handling and gas injection hardware, and
installing modified aftercoolers and other supporting hardware and instrumentation.

3.4.1 Duel Fuel Heads and Pistons. The ECI dual fuel head is similar to the standard
EMD diesel head with the exception of an additional opening through its top that directly
accesses the combustion chamber. This opening accepts the gas inlet valve.

Piston head modifications are made to ensure proper gas/air mixing and to lower the
compression ration to 12.9. The shape of the top of the piston enhances swirl and promotes
combustion of the gaseous fuel. At idle, the engine runs 100 percent on diesel using the
ECI-developed Low Emission Idle (LEI) method that alternates engine banks to improve
efficiency and reduce emissions.

3.4.2 Gas Inlet Valves. The Gas Inlet Valve is a microprocessor controlled, electrically-
acturated, pneumatically-driven poppet valve. The GIVs have advantages over mechanically-
actuated valves in that they can be software-tuned for various engine speeds and conditions
without changing the camshaft. The gas inlet valves are modular components that are unit
replaceable, similar to the diesel injector. They remain closed when the engine is not running on
gas to preserve their life and reliability and to prevent combustion by-products from building up
on the GIV’s valve stem.

3.4.3 Pilot Fuel Control and Diesel Injection. The standard diesel fuel injectors are re-
calibrated to a pilot level. This slightly alters the fuel output at full diesel throttle, although full
horsepower is still available when running in the diesel mode. The converted engine starts and
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idles on diesel and automatically begins gas operation after the engine reaches operating
temperature and a preset speed (880 RPM) and an engine loading of 300 kW. On shutdown, the
diesel-to-gas operational transfer occurs at an engine loading of 55 kW, just prior to opening the
breaker at 50 kW.

The fuel injection system is designed to make it possible to run equally well on full diesel
or on natural gas. The pilot fuel control system employs an electronically controlled mechanism
that is attached to the governor/fuel rack linkage. During gas operation the device overrides the
diesel governor permitting only a small pilot quantity of diesel to be injected into the cylinder.
During diesel operation, the device relinquishes control to the governor, which then provides
conventional diesel operation.

3.4.4 Low Emission Idle (LEI). Low Emission Idle (LEI) runs the engine on eight of
its sixteen cylinders when the engine is idling. The additional load the non-firing cylinders
places on the engine causes the firing cylinders to burn the diesel fuel completely, producing a
fuel savings of approximately 15 percent and significantly reducing unburned hydrocarbons in
the exhaust. An electronic timer in the air control cabinet controls switching between the engine
banks. (Note: The current Navy unit does not include this option as Navy engines do not,
normally, have extended periods of idling. This option could be included, however, if smoking
at idling, when diesel fuel is being used, is perceived to be a problem.)

3.4.5 Electronic Control Unit. The patent for the engine control method was purchased
by the ECI partnership in 1984. Using copyrighted software developed in-house, the ECU
controls critical engine functions and safety systems. It is designed to, on-line, switch the engine
to full diesel operation in the event of an irregularity in gas operation.
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Table 3-1. Typical Natural Gas Composition

Molar
Component Percentage

Nitrogen 0.323
Carbon Dioxide 0.174
Methane 92.241
Ethane 6.500
Propane 0.551
Iso Butane 0.042
N Butane 0.055
Hexanes + 0.045
Oxygen 0.069
Btu/cu ft. 1,071.000
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4.0 SUB-SYSTEM DESCRIPTIONS AND INSTALLATION PROCEDURES

The modification of the MUSE 1,500-kW engine generator set to dual fuel operation is
described as a series of systems, each consisting of components connected by electrical circuitry,
mechanical or electrical conduits, and/or other mechanical linkages. The actual modification
hardware and procedures are described in References 4-1, 4-2, and 4-3 that have been assembled
by ECI, Inc., based on the Navy’s prototype application for stationary power. The use of those
publications is essential to the proper installation of this dual fuel kit. This section draws heavily
on them, and supplements them with information specific to the Navy MUSE unit. The
description of each system includes schematics, detailed drawings, and photographs of the
installation and installation process.

4.1 Engine Modifications

4.1.1 Power Pack Assembly. The dual fuel power pack assembly is shown on
Figure 4-1. Included in it is the head, modified to receive the gas injection valve (GIV), the dual
fuel piston, whose top surface has been modified to lower the compression ratio from 14.5 to
12.8 and to provide a greater intensity of mixing of the natural gas and air, and natural gas
connecting hardware that includes the load valve, load block, gas and air lines and the GIV.
Although the heads and pistons are changed as noted and the ring sets are special parts, the
power pack assembly procedure is identical to that of the standard diesel power pack. Figures
4-2(a) through 4-2(d) show the placement of the GIV into the cylinder head with attachment of
the natural gas supply and control air hoses.

4.1.2 Cylinder Relief Valves. ECI cylinder pressure relief valves (F ig. 4-3) are used to
replace the standard cylinder test valves. These valves are located at each cylinder just under the
natural gas supply line to relieve excess pressures that can arise during gas operation.

4.1.3 Diesel Fuel Supply. The original diesel fuel system is modified to provide “pilot”
fueling capability during natural gas operation. Standard diesel injectors are used, but require
special calibration to provide the correct “pilot” fuel quantities. Modifications also include the
addition of a pilot fuel stop assembly mounted by the injector rack control linkage, and a system
of air rams. The pilot stops are actuated with control air pressure through solenoid valves
controlled by the Engine Control Unit (ECU). During higher loads the left-hand ram is extended.
If the load drops below 20 percent, the second ram is energized increasing the pilot fuel and
stabilizing combustion at the light load. Figure 4-4 shows elements of the pilot fuel stop
assembly and the modified injector control rack linkage. Figure 4-5 shows photographs of
engine modification components.
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4.2 Natural Gas Supply System

Figures 4-6 is a schematic diagram showing installation of the gas lines within the engine
house leading from the engine cylinders to the external patural gas (NG) supply and control
components leaving the engine house. Figure 4-8 shows photographs of the NG piping, fittings,
and their installations.

Under normal operation, natural gas is used within the unit at pressures of 100 to 150 psi.
The pressure, normally, must be reduced from a higher supply pressure and closely regulated to
the desired level. The gas, first, passes through a master manual shutoff valve followed by the
pressure regulator. It then passes through two air-operated shutoff valves and a piping tee that
leads to a pressure relief valve (set at 150 psi), a filter, an air-operated vent valve, and on to the
NG piping in the interior of the engine house. There it passes through an instrumentation run
(Fig. 4-9) where the gas temperature, pressure, and the flow rate are measured, to a third air-
actuated gas cutoff valve (GCOV, Fig. 4-10), and on to the gas flow control valve (GFCV).

When the ECU determines that it is time for gas operation, valves V1, V2, and GCOV are
opened for a brief period of time (5 seconds) to charge the natural gas supply line. At that point,
the V1 and V2 are closed and the pressure of the natural gas in the line downstream of them is
monitored for 180 seconds to ensure that the pressure remains constant and that no significant
leaks are present in the gas supply line (a pressure loss of less than 3.0 psi must be observed for
the system to pass this test). If the gas line does not pass the integrity test, it is vented to
atmospheric pressure (through a vent valve, located on the gas flow control valve (GFCV),
Fig. 4-10), and on to the exterior vent pipe). V1 and V2 remain closed, and the engine is
prevented from proceeding to NG operation. If the gas line passes the integrity test, valves V1
and V2 are opened, providing a NG supply up to the GCOV. At that point, the ECU opens the
GCOV and starts to sequentially open the GIVs to each of the cylinders to provide a flow of NG
to them. The gas flowrate to the engine is controlled by the GFCV (Fig. 4-11), the position of
which is determined by a direct mechanical linkage from the output shaft of the Woodward
governor (the standard diesel component for governing engine speed and load).

From the GFCV the gas makes its way through the headers (Fig. 4-12) to each load block
and GIV. Each load block has a restrictor valve that can be adjusted to either increase or
decrease the gas flow to each cylinder to balance the power that is delivered. The gas pressure in
the header, controlled by the GFCV, changes with load over a range of 25 to 65 psi. In switching
to diesel operation, the GCOV, V1 and V2 all close. The GIV’s cease to operate shortly
thereafter, leaving some NG in the header. This gas is immediately vented via the vent valves on
the GECV and on the NG supply line external to the unit so that no natural gas lines within the
engine skid remain pressurized at any time except when the engine is operating on it.

4.3 Control Air System

Most working parts of the conversion are pneumatically actuated and require a reliable
source of compressed air. The largest single requirement for compressed air is for actuation of
the GIVs. These require 15 SCFM so that a larger compressor (30 SCFM vs. the original 15
SCFM) with a similarly sized air storage tank (240 SCF at 225 psi) was installed on the MUSE
unit (the compressor installation is described in Section 4.5). Air from the compressor first
passes through a filter, regulator, and air lubricator (Fig. 4-13). One branch of the air line then
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passes directly to the GIVs. Figures 4-14 and 4-15 show a pictorial of the air hose connections
and details of the routing of the air to the GIVs. Item 2 of Figure 4-14 shows a second air
supply line going to the Air Supply Cabinet (ASC) out of which air control hoses emanate to
provide actuating air to: the diesel ram (item 3), the pilot fuel stop (item 4), the vent valve on the
GFCV (item 5), and the GCOV (items 6 and 7). Items 8 through 11 indicate additional air hose
routes are left to the installer to determine after the locations of the components connected by
them are fixed. Details of the air supply tubing for the GIV’s are shown on Figure 4-16, and the
internal arrangement of the ASC is shown on Figure 4-17. A schematic diagram for the
mounting bracket for the ESC and ASC is shown on Figure 4-18 and photographs of them
mounted are provided on Figure 4-19.

4.4 Air Throttle

The air throttle is a device that is used to control the amount of combustion air available
to the engine. It provides a means of operating the engine at increased efficiency at reduced
loads and is located at the turbocharger inlet. Figure 4-20 compares the original turbocharger
installation with that of the installation that includes the air throttle. Figure 4-21 provides
photographs of the modified installation.

4.5 Engine Cooling System

The engine cooling system has been enhanced by adding a cooling water circuit to send
part of cold water stream exiting the radiator directly to the inlet of the aftercoolers (Fig. 4-22).
This is to provide greater cooling of the combustion air than is normally obtained and allows
operation of the engine in the natural gas mode at increased power levels. The added water
circuit requires the use of an aftercooler water pump, and to further enhance cooling of the
combustion air, an ECI-designed 6-pass aftercooler is used to replace the standard 2-pass
aftercooler. The new aftercoolers (Fig. 4-23) are designed so that counter flow is accomplished
on both sides of the engine. The coolers are installed following the guidelines found in the EMD
maintenance manual for the standard aftercoolers. A 140-gpm pump is used for the aftercooling
circuit.

Installation of the new cooling water pump, along with the new air compressor, is shown
on Figures 4-24 through 4-27. The original air compressor and air tank had to be replaced with
ones of greater capacity and structural strength. A place to mount the water pump also had to be
found. Therefore, a mounting plate capable of supporting both was designed. Figure 4-24a and
24b show the original air compressor mounting configuration and the final one with both air
compressor and water pump installed. Figure 4-25 shows the support platform supported at four
positions by the compressed air tank, by two channel iron leg supports mounted on the side I-
beam of the unit, and be a fourth support leg. Figure 4-26 and 4-27 provide specifications for the
compressed air tank and platform, the support legs, and the platform.
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4.6 Sensors

Sensors are provided for a variety of measurements (Fig. 4-28). It is important that they
operate properly. Out-of-specification measurements are warning signs indicating either engine
malfunction or improperly functioning sensors. In either case, they may indicate dangerous or
hazardous conditions and cause the engine to terminate operations. Figures 4-29 and 4-30 show
the installation of several of the sensors described below.

4.6.1 Thermocouples. Thermocouples are fitted one per cylinder through the engine
manifold. They are used to monitor the temperature of the exhaust gas coming from each
cylinder as a primary indication of proper cylinder performance.

4.6.2 Water Temperature. A bad or partially failed sensor will be displayed by the
ECU as an error.

4.63 Control Air Pressure. Control air is provided by the compressor at 200 to 240
psi. It is then reduced in pressure by the pressure regulator to the control range of 125 to 135 psi.
Pressures more than 4 psi outside of this range cause the unit to shut down.

4.6.4 Flywheel Sensors. The flywheel sensor apparatus consists of three sensors
mounted on a bracket over the flywheel, along with sensor targets. The two sensors provide
timing information to the ECU. These are positioned to sense 1/4-inch targets embedded in the
flywheel, and their output is used to synchronize the natural gas sequencer with the cam shaft for
timing injection of natural gas into the cylinders. The third sensor is positioned directly over the
teeth of the ring gear and uses the gear teeth as targets to determine flywheel speed.

4.6.5 Air Box Temperature. The air box temperature is monitored to sense
temperatures that become too high (>200°F) and which can lead to engine knocking when

operating in the natural gas mode.

4.6.6 Air Box Pressure. Air box pressure is an indication of turbocharger (TC)
function. Low air box pressure (< 14 psi) indicates that the turbocharger is still probably being
driven directly by the engine. Higher pressures (>17 psi) indicate sufficient exhaust gases (at
higher engine loads) to cause the TC to disengage from the engine and to be driven, solely, by
the exhaust gases. The latter results in more efficient engine operation.

4.6.7 Natural Gas Sensors. These include the temperature and pressure Sensors, the
delta pressure sensor, and the delta pressure transducer. These monitor the condition of the
natural gas upstream of the GFCV before being admitted to the gas header along with its flow

rate to the engine.

4.6.8 Gas Header Pressure. The gas header pressure measures the pressure of the
natural gas to the end of the header farthest from the supply. A minimum level must be
maintained to continue engine operation. Excessive pressure indicates gas injector malfunction.
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4.7 Natural Gas Safety System

Several approaches are used to ensure safe natural gas (NG) operation of the MUSE unit.
These include both hardware additions and modifications and operational changes. Natural gas
consists, mostly of methane, a colorless, odorless, non-toxic gas. The familiar “odor of gas”
often smelled is not that of methane, but of small amounts of sulfur-containing compounds
added, specifically to provide the pungent odor. This is a safety feature provided by all natural
gas suppliers, the odor being noticeable at very small concentrations.

The main concern with natural gas is that when it is mixed with air at concentrations of
between 5 and 15 percent of NG by volume, it forms a combustible mixture. If such a mixture
should form in a space it would be subject to an explosion if confronted by an adequate ignition
source. As all 110 volt electrical circuits (and many circuits of less voltage) provide ignition
sources sufficient to initiate a natural gas explosion, and as many such circuits exist within the
MUSE engine enclosure, the approach taken for ensuring a safe environment has been to ensure
that the NG concentration within the engine space will never reach the level of an explosive
concentration. This has involved ensuring adequate ventilation of the engine space along with
the installation and operation of a gas detection system. The fact that NG is lighter than air and
has a strong tendency to rise away from the source of any leak is helpful in achieving this
objective.

Appendix A includes an analysis and recommended design modifications and operational
procedures to ensure the safe operation of this dual fuel conversion. This study was undertaken
by a fire safety consulting firm with particular expertise in the handling of natural gas within
enclosed areas. The recommendations of that study were incorporated into the design and
operating characteristics of this dual fuel conversion.

Figure 4-31 shows a cutaway side view of the MUSE unit indicating NG pipe routing and
safety features included in that piping run, and Figure 4-32 is a plan view showing air flows
within the engine compartment to prevent the accumulation of NG explosive concentrations.
The venting rate of the compartment is such that even with a severed NG supply line,
concentrations of NG within the engine compartment would not reach an explosive level,
assuming that the exhaust blower is properly functioning. System interlocks prevent the entry of
NG into the engine compartment (ECU controlled) unless the exhaust blower is shown to be
operating, unless air flow gauges show that adequate venting is actually taking place, and unless
the natural gas detection system shows the absence of any measurable concentrations of an
explosive gas. The shutdown level is set at 10 percent of the LEL (lower explosive limit for
NG). This allows for the presence of some hydrocarbon vapors from greases and oils within the
unit but provides a conservative monitoring level for the presence of NG from any leaks in the
NG system. Figures 4-33 and 4-34 show the installation of the NG sensors and connecting
conduits and wiring.

4.8 Electrical System and Controls
A pictorial view of the main features of the electrical and control system is shown on
Figure 4-35. The two main electrical/control cabinets are the engine control unit (ECU) and the

air service cabinet (ASC). An analog termination box is also shown. The basic wiring scheme
for the system is indicated on Figure 4-36 which shows 16 wiring runs, 12 of which (numbers 1,
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3, 4,5, 7,10, 11, 12, 13, 14, 15, and 16) are contained within conduits (flex or hard). The
number, size, and type of wires within each run are indicated and each wire carries an
alphanumeric designation.

The wiring design is laid out in a manner so that wire harnesses, assembled at the factory,
can be pulled through the conduits and attached to terminal strips. Conduits from the ECU lead
to (a) the operating system status screen, (b) the analog termination box, and (c) the ASC. The
conduit leading from the ECU to the ASC actually contains several distinct wire harnesses for:
(a) GIV control for admission of natural gas to each cylinder, (b) control functions to the existing
engine control panel (ECP) and the switchgear (SG) house, (c) the control harness solenoids
within the ASC, (d) electrical signals to the ECP for actuating the water pump, and (e) for
controlling and receiving signals from the gas detection system.

4.8.1 Engine Control Unit. The ECU controls all major functions of the dual fuel
engine operating system. It is an electronic device, and consideration should be given to the
ambient temperatures of its proposed location to prevent unnecessary overheating. Otherwise, its
location may be at any place within the engine generator housing that is convenient for gathering
the engine operating data and for exercising its control function.

Figure 4-37 provides a block diagram of the electrical control signals entering and
leaving the ECU and Figure 4-38 shows the physical layout of the inside of the ECU. Wiring
connections internal to the ECU are shown on Figure 4-39 and ECU digital inputs, analog inputs,
digital outputs, and GIV outputs are shown on Figures 4-40 to 4-43. Schematic diagrams of the
switchhouse connections and wire harnesses are shown on Figures 4-44 and 4-45. Terminal
connections within the ASC and the analog termination box are shown on Figure 4-46.
Additional drawings of wiring harnesses are shown on Figures 4-47 to 4-50.

4.8.2 Air Service Cabinet and Engine Control Panel. The internal components of the
ASC are discussed in Section 4-3 and electrical wiring hookups were discussed in the sub-
section, above. Photographs of wiring within the ECU and ASC are shown on Figure 4-51.
Photographs of the ECP modifications are shown on Figure 4-52.

4.8.3 GIV Wire Harness. The GIV wire harness leads from the ASC to the upper deck
(under the valve cover) where it is divided into two segments for either side of the engine
(Fig. 4-53). It has leads to each cylinder for both operating the solenoid valves to admit natural
gas and for monitoring the temperature of each valve (valve temperature switch (VTS)).

4.9 Switchgear, External Power Hookups and External Communications

All hardware electrically linking the diesel generator with the activity is located in the
switchgear house. Interconnects between the engine house and the switchgear (Fig. 4-54)
include, (a)the 3-phase 4,160-volt power-carrying conductors, (b)a 40-wire umbilical
interconnecting cable for transmitting engine and electrical control data, and (c)a second
umbilical containing 12 shielded triads (20-gauge) for communication between the ECU and
remote sites and for electrical control of the NG sensors mounted in engine house by the
hazardous gas control module mounted in the switchgear house. The second umbilical includes
signal wire for five telephone connections. Two of these are for separate signals for starting and
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stopping of the unit from a remote site. Two dedicated lines are used for this purpose to avoid
the possibility of interrupted telephone service interfering with control of the unit. The three
other lines are used for transmitting operating data to the remote site control center and to other
off-base sites by modem. Interconnects between the switchgear house and the base are the
power-carrying cables contained in 4-inch underground conduit and a telephone interconnecting

cable carried by a 1-inch underground conduit.
Electrical wiring connections to and within the switchgear house are described in the
schematic diagrams referred to in Section 4.10. Photographs of the switchgear installation are

shown in Figure 4-55.
4.10 Modification of MUSE Schematic Drawings

The impact of the modifications discussed above on existing MUSE schematic drawings
has been incorporated into those drawings as indicated in Appendix B. Such modified drawings
have been identified by the designation DF (dual fuel) appended to the original drawing
numbers.
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LOAD VALVE

LOAD BLOCK

GAS HEADER

GAS LINE

AIRLINE

GAS INLET VALVE

DUAL FUEL HEAD

DUAL FUEL PISTON

Figure 4-1. Cross section of an ECI dual fuel power pack.
(Used by permission, Energy Conversions, Inc., USA., 1996,
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(a) GIV.

(b) GIV being installed.

Figure 4-2. Installation of gas inlet valve (GIV) with natural gas and actuating air hoses.
(Used by permission, Energy Conversions, Inc., USA., 1996.) -
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() Natural gas hose.

(d) Actuating air hose.

Figure 4-2. Installation of gas inlet valve (GIV) with natural gas and actuating air hoses. (Cont’d.)
(Used by permission, Energy Conversions, Inc., U.S.A., 1996.)
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(2) In relation to NG header.

PLUG
900598-5s  VENT HOLE PULL HANDLE UP
FOR VENTING
\ CYLINDER

% PRESSURE
| sy

Install or remove
oniy ar the 1 1/4"
" hex

(b) Operating parts.

Figure 4-3. Installation of cylinder relief valve.

(Used by permission, Energy Conversions, Inc., U.S.A., 1996.)
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Air hose bracket

I %
Pilot Fuel Stop assembly %) !

Figure 4-4. Pilot fuel stop assembly installed.
(Used by permission, Energy Conversions, Inc., USA., 1 996.)
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(b) Modified piston.

(a) Original piston.
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(e) Air-actuated diesel ram
control and NG supply
hose leading to gas flow
control valve (GFCV)
mounted adjacent to
governor.

(f) Air-actuated pilot fuel stop assembly and governor output linkage to GFCV.

Figure 4-5. Engine modification components. (Cont’d.)
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(g) NG header, load blocks, and cylinder relief valves installed.

Figure 4-5. Engine modification components. (Cont’d.)
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Figure 4-6. Plan view of natural gas piping

and components.
(Used by permission, Energy Conversions, Inc., USA., 1996.)

A. Gas header

B. Load blocks

C. Crossover header

D. Crossover hose

E. Gas flow control valve (GFCV)
F. Gas cutoff valve (GCOV)

G. Differential pressure sensor

H. Pipe-O-ring hose flange

J. Regulator External to engine
K. Manual shutoff house (See Figs. 4-7
valve and 4-8).
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(a) From right, NG supply, manual shutoff valve, and pressure regulator with
sensing line. Use schedule 80 steel piping for added mechanical safety.

(b) Two air-actuated ball valves, 150 psig relief valve with a 4-inch
vent tube, filter, and air-actuated valve to vent NG line.

Figure 4-8. Natural gas (NG) supply line and components.
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(c) Compressed air tank
removed inside
radiator room.

S
N

(d) NG line welded
in place in
radiator room.

Figure 4-8. Natural gas (NG) supply line and components.(Cont’d.)
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(e) NG piping passes through the radiator room, past compressed air tank
and through wall into engine compartment. Actuating air lines from ASC
are routed along with NG piping.

(f) NG line rises to top of engine compartment and enters metering run.

Figure 4-8. Natural gas (NG) supply line and components.(Cont’d.)
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(h) and completed. Mass flow meter is added for test purposes in
addition to standard differential pressure measurement.

Figure 4-8. Natural gas (NG) supply line and components. (Cont’d.)
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(i) Installing an NG load block.

(i) One NG load block installed, mounting holes cut.

Figure 4-8. Natural gas (NG) supply line and components. (Cont’d.)
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(k) Load blocks and NG
header installed.

(1) NG supply line with gas
and air hoses to cylinders
installed.

Figure 4-8. Natural gas (NG) supply line and components. (Cont’d.)
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Fittings for pressure and temperature sensors
Downstream regulator sense line port

Differential Pressure sensor
GCoOV /

Figure 4-9. ECI-supplied NG metering assembly.
(Used by permission, Energy Conversions, Inc., USA., 1996.)

Figure 4-10. Attaching gas line to GFCV.

(Used by permission, Energy Conversions, Inc., USA., 1996.)
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Figure 4-11. The GFCV is mounted adjacent to governor.
(Used by permission, Energy Conversions, Inc., USA., 1996.)

Figure 4-12. Gas header to cylinders.
(Used by permission, Energy Conversions, Inc., USA., 1996)

4-26

This document, and more, is available for download from Martin's Marine Engineering Page - www.dieselduck.net




+ 142 PSL

Conbkrol
Alr"
Regulator

P

O

== me O

Cas Inlet Valve (

EEEEREEEEEEEL

V) Sohimoid Valve

Fliter _ubricator
Air
Compressor B, Geas Gas Header
a Il (e}
g 5ult o Vent Valve # 1
alve
Imn
GaS Ruh ﬁ 1 )
Magret ﬁ:_
Valve . K} o=
3 Piot Stop |
Vent
Shuttle
Valve
Main Gas 7 v
Shut OFF 0T %
Magret r,ql{ )
Valve I '« DGas Supply
‘ ‘ m Vent Valve # 2
i Main Cas Shut ‘—3—
A g Of f Vaives
S
: |
3
Rack 2 7
N Vi:!lve
C Pilct Ztop 2
L
@]
S
IJ
R
E %
Diesel “‘Lé '@ Aopren 4 P
Control o —
Maaret \ ‘ L———’
Valve Diecel Eheea-
Control f(‘:::‘”:l
Air Throttle
Aim ;E; o per Rotary Actustor
Throttle D E o}
Control Proportxonal
Contiol i
Vi I
alve !Il—> Promg o N_AIR_SCH ™ ,F Data:
: bt e e
A:r Throttle b M. NA

Positioner

Aic_Schmatic Fer Novwy GEN SET

=T foct

Ernergy Comversions nc.

Figure 4-13. Compressed air supply ASC and usage schematic.
(Used by permission, Energy Conversions, Inc., US.A., 1996.)
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filter
lubricator FRL

Air supply
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Figure 4-14. Pictorial of air hose connections.
(Used by permission, Energy Conversions, Inc., USA., 1996.)
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Note: Air Piping Hardware:
Ref. Ref Ref
No. Description No. Description No. Description
. . Fitting: SS custom nipple
1 Air shutoff valve 13 Bushing 23
2 Fitting valve to hose 14 Fitting test point 24 Tube engine - front left
3 Fitting oiler inlet 15 Fitting nipple 25 Tube engine - front right
4 Hose assembly ~ * 16 Fitting oiler outlet 26 Tube engine - center jumper
5 Filter 17 Fitting adapter 27 Tube engine jumpers
6 Regulator 18 Hose assy. r 28 Fitting
7 Oiler 19 Fitting 29 Hose assembly
9 Mount bracket assy. 20 Fitting: male branch tee 30 Fitting - GIV AIR w/filter
11 Fitting: connector 21 Fitting: union elbow  ~
12 Fitting tee 22 Fitting: union tee

Figure 4-15. Schematic diagram of air tubing to GIV’s.
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i/ Threaded stainless nipple \ﬁ
[[H/ Ferrules
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(a) Connection to load blocks. ‘

(b) Route around cylinder relief valves.

Figure 4-16. Routing of GIV tubing for compressed air.
(Used by permission, Energy Conversions, Inc., USA., 1996.)
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Figure 4-17. Internal Arrangement of ASC.

(Used by permission, Energy Conversions, Inc., USA., 1996.)
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Figure 4-18. Mounting bracket for engine control unit (ECU)
and air service cabinet (ASC).
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(a) In process of checkout.

(b) Completed installation.
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m engine

Figure 4-19. ECU and ASC mounted




(c) Mounted on freestanding support bracket to allow engine
generator set housing cover to be removed.

Figure 4-19. ECU and ASC mounted in engine house. (Cont’d.)
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(2) Standard turbocharger with
adapter fitting highlighted.

Trimming of adapter fittings may be necessary
to provide clearance for the air throttle.

™~

Air Throttle —

(b) Air throttle being installed with adapter fitting.

Figure 4-20. Turbocharger installation.
(Used by permission, Energy Conversions, Inc., USA., 1996)
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(b) Installation complete with air-actuated positioner.

Figure 4-21. Photographs of air throttle installation.
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(a) Original air compressor
mounted longitudinally
on air tank (interior view).

(b) New air compressor (rear)
and water pump with suction
and outlet water lines installed
(exterior view).

Figure 4-24. Mounting of air compressor and water pump.

4-39

This document, and more, is available for download from Martin's Marine Engineering Page - www.dieselduck.net




59

(a) Support legs, including compressed air tank with
mounting brackets and channel iron support legs.

(b) View from opposite side.

Figure 4-25. Table for supporting air compressor and water pump.
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(c) Closeup of channel]

(d) Table bolted in p




(f) Inside view of new compressor after installation.

Figure 4-25. “Table for supporting air compressor and water pump. (Cont’d.)
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9. Gas temperature sensor

10. Gas pressure
11. Gas header pressure

7. DP sensor - Gas line
8. DP transducer

3. Control air pressure sensor (on FRL)

4, Flywheel sensors
5. Air box temperature sensor
6. Air box pressure transducer

2. Water temperature sensor

1. Thermocouples

Figure 4-28. Sensors for dual fuel conversion.

) “Nqiﬁ((l{((vgmm

S

S LR

4-47

This document, and more, is available for download from Martin's Marine Engineering Page - www.dieselduck.net

(Used by permission, Energy Conversions, Inc., USA., 1996.)




(9661 “V'S'1 “ouJ ‘suoisiaauo)) A3.1au5 ‘Uoissuuad £q pas)
‘sjuswaInseaw sinjeroduwio] Jsneyxy “6z-f I3y

“pauued Ajjnjosed j1 oprw og ued suondodxF 'SomFud [ U0 JUD M) PIRMO] 9B SIOSUIS |1V T LON

4-48

This document, and more, is available for download from Martin's Marine Engineering Page - www.dieselduck.net

sa|dnoosowiay ] pue }INpuos isneyxs




"SIOSULS [ony fen( Q¢-p 2InSLI

"19308Iq Sununow Uo sIosuas [aymAL] (q) ‘s10suas Sundow HN (2)

4-49

This document, and more, is available for download from Martin's Marine Engineering Page - www.dieselduck.net




<= IDVER PLATE EXH.QUTLET
ZOVER FOR SHIPPING

° .
Air_Exbaust Steava lie g !
: EXHAUST SILENCER ASSEMBLY
l'/' REMOVE FOR SHIPPING
EXHAUST FLEX _
— FIL==. BLEED EXHAUST ADAPTER .
AR DISCHARGE 4RAIN
HA .
TROLLEY BEAMS—— .
ENGINE AIR INTNL EACH SIDE
FILTER ASSY AR INTAKE
PTER .
B
Y
T

AIR MAZE FILTRR
c | PANELS-SRESD
*PS 20 x 25 1 Z

AR MAZE AILTER
PANEL -4 REQT \ -
x2S *P5 J

(YP 3-PLACES N

]
1
RAIN SHIELY -—/ .

.

MOTOR CONTRC. =NTER —T] //

20V DisTRIBUTIOY Sanel. — L]

\ \ m .“ " ---‘ -‘.—:‘::‘V": ¢ vty '—JH:
\ .\ '\‘i-\_d"'u“'g EOREY < i
) = ; e \ '
/
» SLING —14 T LUBE / ,
CABLE MAY 22 _\  ENGINE AIR LIFT : SPREADER  OIL S22V
[ABOVE GND. CR SRED INTAKE DUCT FITTING STORAGE _(Fap S22
TYPE CWC FLEXAUST GENERATOR \/\-Dc. LusE 3L c'p:_-_-m /
HOSE 141D 42 G. PUMP
SLING — AIR START
STORAGT EXCITER MOTORSE DISCHAREE :. NP
LIFTING SUING AC. LUBE O DiLs
SHACLKLE STORAGE RETAINES 3007 CIRCULATING FUMF x
FOR SHIFPNG GENERATOR AR e
a DISCHARGE DUCT '
LUG IN SHIPONG LUG IN _FTING
POSITION POSTTION
T =
4
—
ﬂ
A "
i

SECTION THRU UFTING LUGS

Figure 4-31. Cutaway side view of MU
@ gas detectors and air flown

This document, and more, is available for download from Martin's Marine Engineering Page - www.dieseldud&ied &y permission, Energy Conversic




6&5 EXL\RMJ'Z'

EXH.QUTLET
HIPPING

EXYHAUST SILENCER ASSEMBLY
/— REMOVE FOR SHIPPING

ENGINE

CLVER Z_2TE -ROOM AIR DISCHARGE

OUTLE™ _IVER FOR SHIPPING

ZINTROL

CABINET

RE

e03sf A

I. REV. LOCATICK CF |
AUX. TURBO L2 7 E
MAINT AIR CSwn < AC

2.REV. ROOM AR Z°SCK

MOTOR QTY. ¢ 5NN
SOAKEBACK S_¥= &
PUMP, 5-AZZED RA
4 WALL PAFTTON
SCHOONMAKER TG
MAINT. AIR ZINWN. T

o | B

ASDED BMSE TALNS- DR

DRANEVENT LINE FEoist

AIR COLPRESSOR 4 RECEIVER
-REMOVEABLE HCus:

-RADIATOR .YDUNG Y212 3¢

. o RN 'f
QOOO eYelele!!

(

QN
é@

l_

| é ~IDLER

N BEARING RADIATCR ZR.VE

DWG *D23381S
-RADIATOR LOUVRE

~—RADIATOR LOUVRZ

~3 AR DISCHARGE

,f “— RADIATOR BE17
1

TAKE LP

RCOM AR DlSCHARGE
OUTLET SENOVE
FCR S=2ING
ROOM AR
| DISCHARS FUEL TANK FLAME AFRESTOR
FAN
: WATER RADIATOR DRIJE SHAFT GUARD
v ] EXPANSICN
/ TANK
a VE"'/ ASSEMBLY
1
A 7
N yd
N by . 4
- — f_ N GUARD
—— 5 N
== :
N = =
900000 : “~
S o= =
¢ (@) =
8553 A
7 Ol FE33 :.ZQL
H | il 8335 [ - ——
| ] o i NG
‘ |
1 3?1 ! \
= S GUAR
_ AT T i
: ] _L'. L, ’

! / == \__.' TOR LALKE
— » NPT RADIATCS s ALK
= v =y £ WATER Fil. £ 325N (
v / EMERGEN(_Y / - = -. \ DRAN
SUNG — T LR FUEL CUT N AR RECEIVER :
SPREADER  OIL Sy OFF HANDLE G BR2N - & NPT MAINTENANZD
STORAGE _(FAR S:2E° / / 2 NFT PRENEATES— y AIR CONNEZTICN
—GENERATOR \/\- B, LUSE B ciRoe a6 DRAIN (FAR SIDE) \
PUMP / ~FUtL PRIME
AR START _ PUMP (MANUAL) Vo
—EXCMER MOTORSADISIHARE / L if'npr exging WaTER 14 NPT FUEL O~ 258 3%
AC. LUBE Ou DILAIN (FAR SIDE) TRANSFER FUME FoZo OIL TANK
. CIRCULATING FUMF x’ SUCTION CONN. (FAS =.pt
_ ——% AIR BDY DRAIN ~ -
GENERATOR AR FAR SIDE.
DISCHARGE DUCT (FR siDe) ATTACHME
== spshelmantion
LIST OF MATERIAL OR PAXTS LIt
1 SUURAC s F
, TEITEVED | NG2472-20-C-led8 Q3. WORR
: - IW.0 6039 r——
I F:—'- wouus  wmo | DAVISVILLE LT IRAL
L e —T YT TSR] 15004, ¢
o A.fé 3.31. 51 ‘2,'? '{.\!' 3
el L e S==t3e (
1] CEEE ACTITY LA SRR | ConE MENE. S
o - Ty . D l €£148
APPLICATION QrY. RECD. [maa~y - -5 [w

Figure 4-31. Cutaway side view of MUSE unit showing NG piping
gas detectors and air flow streamlines.
(Used by pergiizsion, Gnergy SRAveTam KisinHok4or BR%ioad from Martin's Marine

neering Page -awww.dieselduck.net




REVISIONS f
roeg sy MBCRIPTION un | svesve
I_REV. LOCATICN SF FUEL PRIME PUMF
E‘ L\ ,i, AUX. TURRO L2 7 LTER, DRAIN CONN, 4 NPT

Xheus MAINT AIR CSWh € ASSOC, PIPING.
2.REV, ROOM AR Z°SCHARGE FAN, AIR START|
MOTOR STY. ¢ ISNA. 21-RELOCATEC AC
BO33| A | SOAKEACK .= LACDED DC SOAKEKN /781 |y iy

. PUMP, 5-ATZEIZ RACIATCR DRIVE 3HAFT
4 4 WALL PAF"TON G-RELREETO
SCHOONMAKER 6. YO GFE. 7- REV. § : D

ENGINT ISNTROL CABINET MAINT. AIR ZIWN. JO 30

W0E> BIGE CAAMS. DEL. LOPT . ALOED RADISORIg s ... | -
DRANEVENT LINE T0ED oW brnG anrcumam 1271 | O Punng

B | B

CLVER Z_=7E -ROOM AIR DISCHARGE
OUTLE™ _ZVER FOR SHIPPING -

RCOM AR DISCHARGE |
OUTLET ZEMOVE
FCR S=7OWG
ROOM 2R
] DISTHARS FUEL TANK FLAME AFRESTOR
AN
' WATER RADIATOR DRIJE SHAFT GUARD
3
T

7'=, SICN / AIR COLPRESSOR § RECEIVER
-REMAVEABLE HOUST
AR VENT ASSEMBLY .
- L -RADIATOR .YDUNG ¥2:2 “393D8
. - 7 DG *D2Z3281S
: = ‘RADIATOR. LOUVRE
. .
— ~-RADIATOR LOUVRE
= !_ Ni7  GUARD c
xS ~
~~ ~
[222283 \
900000 I— 7 N ~
C o > - ’ > .
@ : = = AR DISCHARGE
-4 . 3¢ —
gesz | F i = l
o0 N . Il
o ’ — E r !
P } { " [ — N
iy e . il ““—RADIATOR 22~ —
ﬂ/ 7\'\1 P LS siani— i GUARD
Mimmia , N ‘

- ‘OF} \ LT &\ —IDLER TAKE LP

5O - ‘ = ) .. BEARING RADIATSR I3.VE
/ > T » P2 2 NPT RADIATCR t ALKET
3 ~CaAeE “WATER Fitl £ TR N (V17 VALVE,
»acmcaucv AP- --. \ DRAN
.Ut Comm AIR RECEIVER :
MOLE G BRaN DRAIN - & NPT MAINTENANCT B
NFT PREHEATZIS AIR CONNEZTICN :
JN {FAR SIDE) :

\

: Vo—a0s AL :

R IEINPT FUEL OlL—  #o= “ar :
TRANSFER PUMP FUZo DIL TANK ;
SUCTION CONN. (FAR S.Bf . :

ATTACHMENT 1 —
_—
- I Hy ] e s%t e Gmmm. I =] f — | &
LIST OF MATERIAL OR PAXRTS LIST
T MRS | NG24T2-30-C-1648 Q3. NORRISON-KNUDSEN COMPANY. INC.
| e o -BXVO L0393 MOCEY MOUNY, WONTW CAMSLIAA TTUS1 N
Se= e e [DAVISWLLE 1 ETWIRAL ARRANGEMENT
o —— 15 od~ DaAfel] 1500 KW, 4160/2400V LOHe
omw (s Y dl. [3.31.8 1250 AW, 3L00[Z100V SOt
[meva VT TR reraren I=-A3c O.8PF.
WRATRENT C YT I ] Coet . S [ X% -v.
- — D | 6148 | 039002001 & .
o
APPUCATION QTY. REQD. g vz -3 |wr | mexy § oF T

Zwing NG piping, @ [

1996.) This document, and,more, is available for download from Martin's Marine Engineering Page - www.dieselduck.net 4-51




[ 7 1 B
)
PLgGS E%E\S.EVTACLES,EQU\DPED WITH AUXILIARY TJt
SCREW ERS OIL FILTE
480 POWER CABLE SPACE HEATER LUBE F
wsreansson Louwes, s s Fure,
— FOR REMOTE __ | oUVER HOUSE 4-REQD-AIR MAZE
GENERATOR y K
METERS o L‘l&: PS5, 14x25
‘ 125 VDL &
CONTRD
f:l IR I‘"l'l'l!_l"'l'l"ll'l'l"l VARATAYIIVATATAN A Ta T ", I T U W] VaDAY:| n
VTV — SaaEsSe S Sam=a=m S— (
EE : T i O v ) o s s e e o o o o S
240/120 VAC g |
POWER CABLE 2
c 5 Il
::;" (! 22 |
£ FiataeLs .
Bt WO |
el /) }/I l/' !" 8|
g &é—:;""‘ﬂ"“‘ L ] /
3] e Al ) ,
= N - Q
::: -=kT ﬁ”j S @'A S SRR =T
E 1= = .
| '——",-Z:".:_ 31 D O 00 G | D I D i 00 Ve |
- / v ——p
g,i-’llll:'ll"lll'l"ﬂ"l‘l‘Ih‘l‘l'l‘lll'l‘l‘l'l'l|Hl|l'll|’lll’l‘lllll|l l'l‘I\\ll‘l\‘lllll\‘I'l‘l‘l'l"'l’g‘ll’ll"l'IlI'Nlllll'l’l'l'l'l'lll‘l AU A UTTOTTT OO U IO RS
&
GENERATOR LEADS
5K¥HR§€'€WMLLAEP C%N:é& REMOVABLE FLOORING CIRCULATING
Wi EW . \ ' f MOVABL QORI ATER PUMP
Air Flow ‘“Streamlives WITH NON-SKID PADS WATE
s .
-
A

@,

Figure 4-32. Cutaway top view of M(

and air flow streamlines.
(Used by permission, Energ

This document, and more, is available for download from Martin's Marine Engineering Page - www.dieselduck.net




3 l 2
oM |ATR
I- REV. POSITIO
PUMP ¢ AUX.
8029} A | 2- RMV. STEPS
3- ADDED RADV/
4-ADDED ADDIT
lasr| & réao%?ctg\g\:cgg
f T
AUXILIARY TJRBO FUEL TRANSFER PuMP
LUBE OIL FILTER
LUBE OIL FILTERS
LOUVER ¢ AR MAZE FILTER
SR e
4. 'D-AIR MAZ| "~
Kw PREHEATER
P>, lbx25 JACKET WATER.
FUEL FILTER 7
- 7 T
\\ - / —
S {88
\) i
), @
-y
Eg\\aus"u— ] [ -
: = M

b

AN I _.J
\ HINGED FLOOR PLATE

RADIATOR ROOM LOUVEF,

[/ |«

CIRCULATING

xa:movw.s FLOORING WATER PUMP

RADIATOR ROOM
WITH NON-SKID PADS

PARTITION

SPALE
HEATER

- B Gos Ma‘z&r& '/ch?tuval Gas b\P:”J

= i = i EINOLATIES SR SERCRPTE
. : LIST OF MATERIAL OR PART
: ot AT R

Lol Jt_-dé,,z(;qb%?gc-lus Qg™
B s pam | DE/SVILLE Y AL

s mn ]
S jwem | |1 QD L [Shfo 1500
r—~4a Yy 1200
- SPH

s LA kacan (2:25-81
TRATSERT =xmmv:m Wik ] GO BE
WEXT ARSY D on WEOXT ASEY | rmas AReY i r : D 6E
APPLICATION QTY. REQD. scug ol -0

Figure 4-32. Cutaway top view of MUSE unit showing NG piping
. . 2
and air flow streamlines.
(Used by permission, Energy Conversions, Inc., USA., 1996,
This document, and rhore, is available for download from Martin's Mari

gas detectors,

ineering Page - www.dieselduck.net




REVISIONS
oak [LTR DRECRIPTION At APrieveD
I- REVY. POSITION OF FUEL TRANSFER

PUMP ¢ AUX. TURBO L.0. FILTER.
89| A 12- RMV. STEPS @ RADIATOR BELT GUARD| 7-16-81 ) Remynd'ny

3- ADDED RADIATOR DRIVE SHAFT.
4-ADDED ADDITIONAL INTCON CABLES

N RN T R s s el B
i |

D
ER PUMP
TERS
PRE-HEATER —
WATER /
R=
Imy—7 7 ¥

[ 4

|

AN , :
\ MINGED FLOOR PLATE

RADIATOR ROOM RADIATOR ROOM LOUVEF, l
PARTITION '

Goas Ma‘ors ’/Va‘fuva‘ Gas b"[’:hj .

N
|
§
= l = l SmCLATIN o8 SERcRPTON l K- l BT o ' -
LIST OF MATERIAL OR PARTS LIST
TRITIVET [ Ni2472-80-C-1648 | G, MORRISON-KNUDSEN COMPANY. INC.
p— IN/0.6039 o ey o eantsn e | !
sy pes |DAHISVILLE ——|  GENERAL ARRANGEMENT ’
o » 1500 KW, 4160/2400V LOH: .
o R S 72," 1200KW, 300/2100V SOHe ‘
_  _Iwve Lk (222381 S3PHASE O8PFE
TREATWENT -lml;\._"L WIX | CONE IENT. WO, g
wes on wCxT aney | v, aoe e A D | 6E148 'éOSS)DOZOOI B
10N QTY. REQD. surgeito”  Jw. jaanr 2 OF 2 i -
piping, gas detectors, @ |
) ‘ 4-53

This document, and more, is available for download from Martin's Marine Engineering Page - www.dieselduck.nef




(b) Explosive gas detectors.

Figure 4-33. Photographs of safety equipment.
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(b) Junction box/J connector for removal of housing.

Figure 4-34. Photographs of safety equipment.
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Figure 4-50. Non-harness wire connections in ASC.
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(b) Internal view of ASC.

Figure 4-51. Photographs of controller modifications.
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(a) GIV wire harness from ASC to engine.

(b) Wiring connections for GIV-actuating signal and for temperature
monitoring of GIV.

Figure 4-53. GIV electrical hookup.

(Used by permission, Energy Conversions, Inc., USA., 1996.)

4-91

This document, and more, is available for download from Martin's Marine Engineering Page - www.dieselduck.net




*1208Y0JIMS 0) 109UUODISIUI [BI11JI9]0 JO WeISeIp oNeWLYdS - 91N

‘N33 UM

'WWoD auoydajay puv

1OA3|U} 8 030P J010339p sob aaisoidxa
PUD ]0J3UOD J0j 4O} SpOlJg papI18Iys 21

dn-»ooy auoydaja} :
SuUO|3duUNg 1043U0D WOy
1O31IGWN W03.DNPUOD QOf

4-92

This document, and more, is available for download from Martin's Marine Engineering Page - www.dieselduck.net

[ / 3SNOH
¢ aulbuj

1
+ -1 ¢
//////( 40306YD3ImS
"dury 02z ‘3ITOA 097 ‘g

asog
ANON




Bt

(a) Switchgear installed and wiring in place.

Figure 4-55. Photograph of gas conversion components in switchgear house.
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(b) Switchgear control panel.

GAS SYSTEM o
% pult

(c) Added selector pushbuttons
and indicating lights for gas
conversion.

Figure 4-55. Photographs of gas conversion components in switchgear house. (Cont’d.)
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(e) Gas conversion terminal strip.

wiring.

(d) Internal view of switchgear

4-95

This document, and more, is available for download from Martin's Marine Engineering Page - www.dieselduck.net

Figure 4-55. Photographs of gas conversion components in switchgear house. (Cont’d.)
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2w fw_ » it % g l
wired in to two hazardous gas sensors in engine house.

§

(1) Controller module installed and

Figure 4-55. Photographs of gas conversion components in switchgear house. (Cont’d.)
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5.0 OPERATIONAL PROCEDURES

Operation of the converted dual fuel MUSE engine generator set can be by either diesel or
diesel/natural gas mode of operation. It can be controlled from the on-site engine control panel
(ECP) or switchgear panels (SGP) or from a remote site. It can operate as either a stand-alone
electrical generating station or be synchronized with and provide power to an electrical grid at
4,160 volts.

5.1 Diesel Only Operation

Diesel operation can be by (a) manual, (b)local automatic, or (c) remote automatic
control. Manual operation utilizes the existing ECP. Selector switches on the ECP (Fig. 4-2(b)
are appropriately set for manual diesel operation. The engine is started and brought to speed by
the operator who must verify temperature, pressure, engine speed, and other measurements as the
unit warms and is brought to operating speed. The unit is then synchronized with the power grid
(voltage, frequency, and phase angle), the breaker is closed, and the unit is loaded to the desired
power level. All of these manual operations are performed in the same manner as for a MUSE
diesel engine generator that has not been converted to dual fuel operation.

The addition of the ECU as part of the installation of the dual fuel system has made it
possible to operate the unit in a completely automatic mode. The automatic mode of operation is
also set by selector switches on the ECP. In this mode of operation the actuation of a single
‘start’ switch initiates the sequence of actions required to proceed through all steps to start the
engine, close the electrical breaker to the electrical grid, and load the unit. Actuation of the ‘stop’
switch causes the reverse of this procedure and brings the unit to a stop.

The actions that take place during remote automatic control are identical to those for local
automatic control with the exception that the ‘start’ and ‘stop’ switches are at a remote location
and that an additional computer status screen is provided at the remote site. The details for using
the automatic mode of operation are discussed in the sections below.

5.2 Natural Gas (Dual-Fuel) Operation

Natural gas operation refers to dual-fuel operation where approximately 95 percent of the
fuel required to run the engine generator set is provided by natural gas. About 5 percent is diesel
fuel that is used as an ignition source for the natural gas charge.

Natural gas operation requires automatic control. Manual ‘local’ control is not an option.
This is because operation in the natural gas mode requires several operations in the startup and
run routines that are essential but are not easily performed in the manual mode. It is also because
automatic operation serves to ensure that conditions for which safety interlocks are provided for
natural gas operation are satisfied prior to natural gas firing. The engine is always started in the
diesel mode and only after the engine has been started and reaches a speed of 900 rpm (the normal
operating speed is 900 rpm) is the unit transferred to natural gas operation. Similarly, the engine
automatically transfers from natural gas to diesel operation at 900 rpm before coming off line.
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When the unit is on-line and generating power, it may transfer from natural gas to diesel
operation for any of several ‘faults’ that can arise. If a fault corrects itself during the course of
the operation a return to natural gas operation can automatically occur. Other faults may cause
permanent transfer to diesel operation or may cause immediate shutdown of the unit. Transfers
from diesel operation to natural gas, and the reverse, normally occur automatically and without
interruption of power generation.

5.3 Automatic Control‘

The autostart flow chart is shown on Figure 5-1. Autostart can be initiated from either a
remote site or from the ECP. Several software routines and parameters are included in the
autostart. Nine time-parameters, indicated in the lower right-hand corner of Figure 5-3, indicate
the various time intervals involved in the startup procedure. In Step 2, after receiving a ‘Start’
request, Autostart first verifies that the engine is not running. A leak detection system check is
then made in Step 3 to ensure that no combustible species are present in the air space of the
engine house. The exhaust fan is then turned on and an air flow measurement is made to verify
proper operation of the exhaust blower. At that point the main gas valves (V1 and V2, see
Fig. 4-7) and the GCOV Fig. 4-10) are opened briefly to charge natural gas to all of the lines
downstream of V1 and V2. V1 and V2 are then closed and the pressure in the downstream line is
monitored for T3 seconds. No change in pressure indicates that gas line integrity is adequate to
proceed. GCOV is then closed and V1 and V2 are opened. At this point the controller walks the
engine through its normal start-up procedure by pre-lubing it, sounding the starting alarm, barring
the engine for T6 seconds, and after a check to ensure that all parameters are in their proper
ranges for starting as indicated by the Ready-to-Start (RTS) relay, cranking the engine (Step 16).
After starting, the controller ramps the engine up to operating speed with continuous signals to
the governor (GUP). At 900 RPM the synchronizer is enabled and the generator is brought into
synchronous operation with the electrical grid by utilizing feedback signals from the synchronizer
to the controller. These signals cause adjustment of engine speed by providing signals to the
governor (GUP or GDN). The electrical breaker to the grid is closed upon synchronization and
the controller then proceeds to increase the electrical load on the generator until it reaches the
desired operating level (normally 1,500 kW). The engine automatically changes to NG operation
as the load passes through 300 kW.

Any of several reasons will cause the engine to be stopped. These include the detection of
a hazardous gas within the engine space, a failure of the exhaust fan, the opening of a valve
temperature switch, or receipt of a ‘Stop’ signal. Other faults may cause operation of the engine
to shift to diesel fuel operation until any out-of-specification variables return to acceptable values.

5.3.1 Autostart Software. Software functions important to the automatic stérting and running
of the engine generator set are discussed below.

5-2

This document, and more, is available for download from Martin's Marine Engineering Page - www.dieselduck.net




Basic Gas Engine Operation. This routine defines the engine mode so that it will switch
to gas operation if all prescribed variables are in order. The controller monitors all engine, gas
system, and electrical parameters to ensure that each is in the prescribed range for gas operation.
Out-of-range parameters may cause the engine to automatically switch to diesel operation until
the variable returns to an acceptable value.

SY. This routine enables the controller to turn AC power on to the synchronizer and
causes the synchronizer to send signals to the controller to speed up or slow down the engine. As
electrical synchronization is achieved, the synchronizer causes the main circuit breaker to close.

ER. The engine run relay must be opened to activate a control circuit that keeps the
engine running. Its closing causes the engine to shut down.

CNK. The crank engine routine energizes the start relay that causes the starter motor
(driven by compressed air) to spin. The controller holds the start relay on for a maximum of 20
seconds with the expectation that the engine will start in that time and that engine speed will
increase above a threshold value of 200 RPM. At this point the controller disables the CNK
signal and begins performing other control functions. If the engine fails to start, the controller
attempts to again start the engine after waiting for one minute until the starting air pressure builds
to a satisfactory level. The controller again recycles through the pre-lube and engine barring steps
before attempting the restart.

RTS. The ready-to-start signal is required before the engine starting sequence can
commence. The controller will wait for a maximum of 5 minutes following initiation of the engine
barring procedure to activate an RTS signal. A longer time interval will cause a fault to be
displayed and a lock-out from gas operation.

Electrical Mode Determination. This routine allows the controller to determine whether
the unit is operating as a single generating unit or is paralleled to a buss. To accomplish this the
controller first increases the speed set point of the engine slightly while monitoring speed and
load. Ifload increases, the unit is determined to be paralleled and the controller will work to load
the engine to its set point power rating. If speed increases, the controller determines that the unit
is operating singly and will work to maintain a engine speed of 900 RPM (equal to 60 Hz).

Gas Pressure Test. Before the full gas supply is allowed into the engine house the gas
pressure test must prove successful. An initial condition is that the engine must not be running.
The engine controller must then receive a start signal either from the remote control center or
from the engine control panel. It will then turn on the ventilation fan and monitor both the
ventilating air flow signal and the leak detection signal. When both of these responses are
satisfactory, the controller will send signals to open the GCOV and the gas main valves (V1 and
V2). In approximately three seconds it closes V1 and V2 but keeps GCOV open. The controller
waits a short period of time for pressures to stabilize across the GFCV and then reads pressure
signals from the two gas pressure transducers. The readings must be within 5 percent of each
other and above 50 PSI. The controller then waits 60 seconds and again reads the two pressure
sensor signals. The signals must again be with in 5 percent of each other and not more than 5 psi
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less than the first reading. Such a test constitutes a passed pressure test. At that point the GCOV
is closed and V1 and V2 are opened in anticipation of running on gas. If the test fails because no
gas was admitted to the system, the controller will start the engine and operate it on diesel fuel.
The ECU will indicate "Low gas pressure...test failed". If the test fails due to dropping gas
pressure the ECU will indicate "Failed Gas Pressure Test". For the latter, a site inspection and
system reset is required before further gas operation. In the event that the ECU does not receive
satisfactory signals for the fan flow and leak detection measurements, it will indicate such and will
not perform the gas pressure test and will not start the engine.

GIV Sequencer. The valve sequencer board inside the ECU processes input signals from
the flywheel sensors and controls the GIV (gas inlet valve) timing. The valve sequencer processor
(VSP) operates the GIVs when it receives an enable signal from the main controller. It then
returns a signal to the main controller indicating that operation of the GIVs is satisfactory. If the
main controller asks for GIV operation and the VSP does not return its status operational signal,
gas operation is prevented and the main controller displays a valve sequencer fault on the status
screen.

The VSP is programmed to examine crankshaft input signals for clarity and operational
limits. If the VSP detects defects it will not operate the GIVs. However, the VSP is programmed
so that if the signal defects are corrected it will resume operating. - The main controller determines
if too many faults have been detected by the VSP to continue gas operation. If gas operation is
unsuccessful after a given number of attempts, the main controller stops attempting to initiate gas
operation. Causes of problems detected by the VSP are displayed by four indicating lights on the
board itself. The door to the ECU must be opened to view these lights.

5.3.2 Alarm Logic. In order for the ECU to allow gas operation the conditions indicated
on the Alarm Chart (Table 5-1) must be met. If any of these conditions are not met the ECU will
transfer operation to diesel operation. When the ECU determines that the conditions are once
again within operating range, gas operation will continue. In order for an alarm to occur, the
signal must fall outside of either the high or low limit. The alarm condition is cleared once the
signal either rises above the ‘low alarm clear’ limit or falls below the ‘high alarm clear’ limit.
Once the alarm is cleared, the ECU will wait for a ‘time off after clear’ period before resuming
gas operation. If too many faults occur within a set period of time (# faults before long pause),
the ECU will wait for the ‘long pause time’ before resuming gas operation. If this sequence
occurs more than ‘max # of pauses before lockout,” the ECU will not allow further gas operation
until the problem has been resolved.

5.3.3 ECU Status Messages. The ECU decides when to switch between diesel and dual
fuel operation based on predetermined limits for rpm, temperatures, pressures, switches, etc. The
status of gas operation is displayed on the status screen. The screen automatically displays faults
and conditions as they occur. The messages that appear on the status screen and explanations of
them are as follows.

Values in Normal Range - On/Off Gas. This message will occur when the ECU is
either on gas or ready to go on gas - all system parameters are within acceptable limits.
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Abnormal Values - On/Off Gas. This shows a list of all values that have exceeded their
normal range. Some may not be critical to gas operation (e.g., Ether left in canisters).

Gas Operation Suspended...or Gas System Fault.... Both of these messages have the
same result - the engine will resort to diesel operation. Gas Operation Suspended indicates that
there is no need for concern. (e.g., WT - 100.0 shows that the ECU is waiting for the water
temperature to rise.) Gas System Fault indicates that the engine is not operating properly
(e.g., WT - 210.0 would indicate that the water temperature is above safe operating limits.) The
engine will resume gas operation when the value falls returns to an acceptable range.

ECU Locked Out on Faults. This shows that the ECU has determined that too many
faults of one kind have occurred and that the engine will not run on gas until the problem has been
fixed. After the problem is remedied, use the ALT and HOME buttons on the status screen to
acknowledge the fault.

Long Pause in Process. The ECU has determined that a longer period of time than usual
is needed before re-attempting gas operation. Use the ALT and HOME buttons on the status
screen to shortcut this wait if it is unnecessary.

Pilot Stop Test Active. When the ALT and the PG DN buttons on the status screen are
simultaneously depressed, the pilot fuel rams will be activated if: (1) The engine is off gas and not
running, (2) the MR/EN (enable) is off, and (3) the gas pressure is less than 25.0 psi

Pilot Stop Test Canceled. Occurs when one of the above conditions is not met.

Replace Ether Canisters. This indicates that there is less than 30 seconds of ether left in
the canisters and that they should soon be replaced.

Reset the Ether? When the Ether canisters for the cold start system are replaced, the
ECU should be informed that the canisters are full. This is done by simultaneously depressing the
ALT and PG UP buttons on the status screen. To confirm the resetting, press the PG UP button.

Attention - ECU’s SBC-53 Battery Low. This is a rare message indicating a low CPU
battery that needs to be reported to ECI.

Initializing ECU... This message should appear on power-up. If it is seen repeatedly, it
may indicate that the power to the ECU is inconsistent.

Initialization Error. This message indicates that the computer memory or hardware is
faulty.

ECU Hardware not responding. !Hardware Fault ! This message occurs when one of
the peripheral computer cards is faulty.
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5.4 The ECU

The ECU is a microprocessor-based controller that controls main engine parameters such
as speed and GIV timing, monitors engine performance, and records and displays important
operating data and engine diagnostic data required for maintenance purposes. The ECU is
completely integrated with the existing ECP so that local controls on the ECP can be used as
originally intended for local operation, or so that the ECU can be used for fully automatic
operation, utilizing the monitoring and control functions already available on the ECP and

switchgear and adding to them, as required.

5.4.1 ECU Status Screen. Data from the ECU can be obtained on the ECU status
screen (Figure 5-2) located near the ECP. Information such as exhaust temperatures, other
system temperatures and pressures, and gas system fault conditions can be read from the status
panel display. To reach the desired information screen, press the PAGE UP/PAGE DOWN buttons
as necessary (Fig. 5-3). The panel can also be used to initiate other functions, such as air ram test
cycles, by pressing certain combinations of buttons. (See the troubleshooting section and
individual system maintenance sections below.)

Figure 5-3 shows, in order, the titles of screens that are available by using the
PAGE UP/PAGE DOWN buttons. From these menu titles, specific information needed for the dual-
fuel engine can be accessed. To access fault histories, scroll PAGE DOWN through the items listed.
To skip fault histories, scroll PAGE DOWN through the items listed, or use the PAGE UP button.
Other button sequences for control of the status screen are as follows:

ALT + PG DN = Rack Stop Test
ALT + HOME = Acknowledges an Alarm
ALT + PG UP = Ether reset (new ether canisters have been installed)

The HOME button will return the screen to ECI, ALL VALUES unless a fault exists, then
HOME will take you to FAULT/CONDITION.

5.4.2 Computer Interface. The ECU can be connected to an IBM compatible computer
through its serial communication port. The computer (a laptop for example) can display more
information at one time than is available on the status screen. The computer may also be used for

retrieving data files that the ECU has recorded.
The ECU may have its operational parameters adjusted through the serial port by making

changes to one of its control files and loading the new code. The door of the ECU must be
opened in order to gain access to the serial port connector on the SBC V53 control board. ECT’s
software must be used to communicate with the ECU. Table 5-2 provides guidance for using a
laptop computer to communicate with the ECU.

5.4.3 Using LCD Screen Editor. Simple changes/adjustments in the files
CONTROL.TXT (which stores values of operating parameters for the ECU, Table 5-3) and
ALARM.TXT (which stores parameter values for alarm settings) can be modified without the use
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of a laptop by using the LCD screen buttons (Note: To effectively use this editor the user needs
to be trained by the supplier of the ECU (ECI) to ensure a full understanding of the effects of the

changes being made.)
This editor can only be used when the unit is not running on gas and when ECU
functions are not otherwise needed. The following steps apply.
1. After starting the editor the screen will display a list of * TXT.

2. Move through the files with the UP/DOWN buttons and select a file with the
HOME button to get into the edit mode.

3. Edit mode controls:
e Up and DOWN buttons move up and down through file
¢ DOWN/HOME together to move right
¢ UP/HOME together to move left

Up and DOWN together- toggles between moving through the file and
character change mode (large blinking cursor).

When in character change mode, Up and DOWN buttons change the
character at the cursor.

e ALT button to exit and save
4. When finished, the ECU will automatically reset and run the control program.

5. Ifleft unattended for several minutes the editor will stop and the ECU program
will start automatically.

5.4.4 ECU Dial-Up Software. Table 5-4 describes the hardware requirements, computer
set-up, the files used, and the control keys for accessing the ECU from a remote location.
Figure 5-4 shows one of the screens available as graphic output at the remote location along with
the nomenclature that applies to the entries on this screen.

5.4.5 Static Protection Precautions. Generally, the ECU chassis should not be opened
unnecessarily. If a troubleshooting procedure requires work to be done inside the ECU, static

electricity protection procedures must be followed. The following points should be observed
when working inside the ECU or handling circuit boards:

e Turn off the system power before any connectors or boards are removed or installed.
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e Put on a static grounding wrist strap such as 3M model 2210 before installing circuit
boards or checking internal ECU connections. Wrap the Velcro strap around one
wrist and clip the lead to the metal chassis of the ECU. Be sure the lead stays clipped
to the chassis during the work.

e Do not remove circuit boards from static protective packaging until just before
installation.

e Place replaced circuit boards in static protective packaging and return to ECL
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Figure 5-1. Autostart flowchart.
(Used by permission, Energy Conversion, Inc., U.S.A., 1996.)
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Figure 5-1. Autostart flowchart. (Cont’d.)
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Figure 5-2. ECU status screen.
(Used by permission, Energy Conversion, Inc., USA., 1996.)
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Figure 5-3. ECU status screen page sequence.
(Used by permission, Energy Conversion, Inc., U. S.4., 1996.)
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In the View program the keys:

F1 - show the analog sensors in the bottom window

F2 - show the average screen in the bottom window L - toggle logging on/off - this will record the
data into the file ECU.LOG

[ESC] - quit the program

[Space] - while in playback mode, to step through a log file

the View screen

Figure 5-4. Screen one of remote computer readout.
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Description of the screen elements:
Digital Inputs Bits:

Enab - Gas run enable switch - needs to be on for gas operation

VSS - Valve sequencer status - will be on when running on gas

PSS - Power Supply Status - turns off if the power supply is faulty
VTS - Valve Temperature Switch - trips off if a gas valve overheats
RTS - Ready To Start - turns on afier baring engine

ST - Start - momentary start button

REM - Remote/Local switch - turns on when in remote, off in local
ONL - Online request - requests engine to be online while in remote mode
ALD - Autoload - ECU will autoload engine in local mode if up

GUP - Govemor Up signal

GDN - Governor Down signal

SDR - Shut Down Relay - turns off to shut down engine

ALM - Engine Alarm signal

BRK - Breaker - tuns on when synchronizer closes the breaker

FAN - turns on when fan runs

CA - Cold Air Relay - turns on when cold air system is on

LDS - Leak Detection System - turns off if a gas leak is detected

CON - Condition - a condition has occurred that prevents gas operation
FLT - Fault - a fault has occurred that prevents gas operation

Digital Output Bits:
DCR - Diesel Control Ram - when on this energizes the Diesel Control Ram
GR1 - Gas run 1 - enables gas to flow to the gas injectors
RK2 - Rack Stop #2 enable
RK3 - Rack Stop #3 enable
VSE - Valve Sequencer Enable - ECU turns this on to enable the valve sequencer
FAN - Fan enable - starts the ventilation fan
ER - Engine Shutdown - picks up the ER relay on generator
CAR - Cold Air Relay enable
ETH - Ether Injection - injects ether into engine during startup
PRE - Prelube - starts the prelube pump
ALM - Alarm - echoes the ALM input and sounds a start-up warning horn
BAR - Bar engine during autostart
GUP - Govemor up - echoes the GUP input during autostart
GDN - Governor down - echoes the GDN input during autostart
CNK - Crank engine - energizes the starter
SYN - Synchronizer enable - enables synchronizer during autostart
BRX - Trip Breaker - '
GMN - Gas Main - when on, this opens the main gas valve outside the generator compartment

SCFM - gas flow in Standard Cubic Feet Per Minute
RPM - engine speed

HP/KW - horsepower & kilowatts

Air Valve - position of the air throttle valve

GasT - Gas Temperature

WatT - Jacket Water Temperature

ADbXT - Air Box Temperature

AmbT - Ambient Temperature

CICT - Cold junction compensation temp. for thermocouples
DiffP - Gas Differential Pressure

GasP - Gas Supply Pressure

AbxP - Air Box Pressure

CtAP - Control Air Pressure for gas valves

HdrP - Gas Header Pressure

Kwatt - Kilowatts

C1-C16 - Exhaust Temperatures for each cylinder
Avg - average exhaust temperature

The upper right hand window shows the on/off gas status along with other important occurrences.

Figure 5-4. Screen one of remote computer readout. (Continued)
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Table 5-1. Alarm Setting Criteria

Name Description. gas low low high high limit time off # faults long max #
operation limit alarm alarm after clear | beforelong | pause pauses
affected clear clear pause time before

lockout

WT water Yes 145F 160F 195F 200F 10 Sec. 10 in 4hr 4hrs. 1

temperature

GT gas temperature. Yes SF 22F 100F 170F 10 Sec. 10 in 2hr 1hr 1

ABXT air box temp. Yes 84F 95F 185F 210F 10 Sec. 10 in 2hr 2hrs 1

AmbT ambient No n/a n/a 120F 125F n/a w/a n/a n/a

air temp.

CJCT cold junction No n/a n/a 120F 180F n/a n/a n/a n/a

temperature

GasP gas pressure Yes T0psi 80psi 110psi 115psi 10 Sec. 15 in 2hr 4hrs 1

CtAP control air Yes 115psi 123spi 138psi 147psi 10 Sec. 15 in 2hr 2hr 1

pressures.

HdrP header pipe prs Yes na 20pst 75psi 20 Sec 10 in 2hr lhr 2

DifP differential Yes n/a 30psi 32psi 30 Sec 5 in 2hr lhr 2

pressures

AbxP air box pressure Yes n/a 19psi 22psi 20 Sec 10 in 2hr lhr 2

RPM engine speed Yes 770rpm | 880rpm | 915rpm 925rpm 10 Sec 5 in 2hr 2hrs 10

KW Killowatts Yes 300 1650 1700 20 Sec. 10 in 2hrs 1hr 2

AFMix air/fuel mix ratio Yes n/a 3.8:1 6.5:1 1 Sec 15in2 hr 2 hrs 15

Ptest autostart Yes must pass test during

pressure test autostart

ExhAv average exhaust Yes 250F 300F 1200F 1250F 10 Sec 15 in 2hr 1 hr 2

temp

MR/EN gas enable Yes signal must be on 1 Sec. n/a n/a n/a

Fan ventilation fan Yes fan must stay on 30 Sec. 10 in 2hrs 2 hrs 1

Vseq valve sequencer Yes signal must stay on when running on gas 10 Sec. 5 in Zhrs 2 hrs 2

LDS leak detection Yes a leak is indicated if the signal is off 10 Sec. 1 in 1min 1min 2

system

cA cold air feedback Yes must stay up if cold air relay is energized 5 Sec. 5in2 hrs 2hrs 2

PowS power supply Yes power supply is faulty if signal is off 5 Sec. 2 in 2hrs 2hrs

status

ALM gen. set alarm Yes engine alarm indicated when signal is on 0 Sec. 0 n/a n/a

signal

SDR shut down relay Yes when signal is off, the engine is shutting down 1 Sec 10 in 2hrs 2hrs

VTS valve Yes when the signal is off, a valve has overheated, if 20 Sec 50 in 2hrs 2hrs 2

temperature in 90 seconds the signal doesn’t turn on the
switch engine will shut down
5-14

This document, and more, is available for download from Martin's Marine Engineering Page - www.dieselduck.net
S




Table 5-2. Laptop Communications with the ECU

1) Connecting to the ECU
To communicate with the ECU use a null-modem cable connected to the serial port (Com1 or

Com2) of your laptop or PC. The other end is connected to the SBC53 rack card's connector
J1 inside the ECU.

2) Establishing communications with COMM.EXE

First, go to the directory in which COMM.EXE resides (probably c:\ws). If you are hooked to

Com1 then type COMM[ENTER] . If you are hooked to Com2 type COMM /com2. The ECU
communicates at 2400 Baud. Check the baud rate at the bottom of the screen to see if COMM
is also communicating at 2400 Baud. If not, press [ALT+B] successively to change the baud
rate to 2400.
To stop the ECU from running control code and to get into DOS, press [Esc] . You should
see the DOS prompt B: \
You may now use many familiar DOS commands such as DIR, REN, COPY, TYPE.....
To exit COMM, press [ALT+X]

3) File Transfers

To transfer a file from the laptop to the ECU type (from the B: drive):
1)TRANSFER {filename} [ENTER]
2) [PAGE UP] - COMM will now prompt for a file name
3) type in the filename to transfer and [ENTER]
4) select X for the XMODEM transfer protocol
the file will now transfer to the ECU - a string of TTTTT. . . will appear
To transfer a file from the ECU to the laptop type (from the B: drive):
1)TRANSFER -S {filename} [ENTER]
2) [PAGE DOWN] - COMM will now prompt for a filename
3) type in the filename to transfer and [ENTER]
4) select X for the XMODEM transfer protocol
the file will now transfer to the laptop - a string of RRRRR. . . will appear

4) Changing to a higher baud rate for faster transfers
For large files, 2400 Baud can be slow. To speed up the baud rate use BRC.EXE. Type BRC
7 [ENTER] - this will change the baud rate to 57600. Now press [ALT+B] until 57600 appears at
the bottom of the screen and press [ENTER] to get the DOS prompt back at the higher speed.
* Note - when you start the control code running again the baud rate will revert back to 2400
baud automatically

5) Files on the ECU and what they do:
ECU.BAT - start-up and contains the control code
ECUPROG.EXE - the main control code file
ALARM.TXT - holds gas system alarms
CONTROL.TXT - holds data prescribing options for the code
JAN95.PRF - a daily performance file (gas use, KW hours, etc.)
BITTEST.COM - utility to turn on & off selected bits (type BITTEST for options)
PWMTEST.COM - utility to test the pulse width output (type PWMTEST for options)
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Table 5-3. Listing of Computer File CONTROL.TXT
Which Provides Reference Data for ECU

CYLINDERS (8,12,16,0r 20)
16

: Gas On & Off Sequence - timed sequence in 100th of seconds

. gas valves are time 0 - others are timed after valves

. DieselControl/TNRelay Bit, GR/R1, R2&3

ON SEQUENCE

501010

OFF SEQUENCE - same as above, expressed as 100ths of a second before valves turned ofF

203030 -

: Rack Stops- value 1 is low threshold, value 2 is high threshold,
; S indicates RPMx10, H indicates Horsepower control

RACKS - Rack 2, Rack 3

500540 H

4000 6000 S

: Cold Air Relay - if any of these (hp,gt,wt,abt[throttle]) go below their limit

: CAR will switch to 'switch value'

COLD AIR RELAY - On/Off switch_val Pacesetter_on/off HP GT WT ABT[0-8]
10 0 1000 0 12000 1700 1700 1700 1700 1700 1700 1700 1700 1700

; LEI

; engine needs to run over 'EngineRunning' RPMx10 for 20 seconds to run lei
: can also enable/disable pacesetter and noload modes of LEI

LE] - on/off EngineRunning pacesetter(1/0 = y/n) NoLoad(1/0 = y/n)
0200011

 Fans - successive # of fans & hot engine signal are turned on as wt goes above each point
: Fanl (tn 0 - 8),Fan2 (tn 0 - 8),Fan3 (tn 0 - 8),HotEngine value

FAN CONTROL - on/off

0 .

1900 1900 1900 1800 1800 1800 1800 1750 1750

2000 2000 2000 1900 1850 1850 1850 1800 1800

2050 2050 2050 2000 1900 1900 1900 1850 1850

2120

; Pid
PID - speed active, air active, excitation active
010
: DownRate Cutlimit Stepsize Delay AfterTransitionResetNotch
50060002014 '
; setpoints[0-8], reset[0-8,Air,Exc], P[0-8,AirP,ExcP], 1{0-8,Air],ExcI], D[0-8,AirD,ExcD]
003100 3900 5000 5700 6650 7380 8320 90202130 0
0 5000 7500 12500 13500 15000 17500 18500 20000 19000 5000
500 25 180 180 180 180 180 180 180500 100
30 30 50 60 50 50 50 50 50500 100
950 40 170 190 175 150 140 140 140 25 10
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Table 5-3. Listing of Computer File CONTROL. TXT
Which Provides Reference Data for ECU (Continued)

AIR THROTTLE prs setpts for 0% 25% 50% 75% 100% of max hp (10th pid stpt), 0% & 100% pulse
width numbers

80 100 120 130 160 5200 7200

; Cold Start

COLD START - On/Off,Start Delay(100th of sec),Min Crank RPMx10, Max Crank RPMx10,
Hysteresisx10,

; Cut Out RPMx 10, (ML of Ether/sec)x10, (MLx10 in a full can)

1 100 250 6000 2000 200 25 8330

PRESSURE SCALE
:full scale for channel 6,7,8,9,10,1 1(KWatt on gen set),12,13,14,15
35250 30 250 250 2500 1 500 20 20

IDLE CONTROL

0

THROTTLE NOTCH
0

DIESEL CLEANOUT
0

KVA INPUT

1

ORS TIME

0

THERMOCOUPLE

J

KIT VERSION 0-Navy 1-Sundowner 2-Locy ... add more later
0

CALLBACK

ATDT 99222258

DIGITAL LABELS

EN ,VSS,PSS,VTS,---RTS,ST ,REM,ONL,ALD,GUP,GDN,SDR,ALM,BRK,FAN,CAR,LDS,—--,---,—--,--—
DCR,GR1,RK2,RK3,VSE,FAN,ER
,CAR,ETH,PRE,CON,FLT,BAR,GUP,GDN,CNK,SYN,BRK,GMN,ALM,---,---,---,—--

AUTOSTART
-+ on/off, load_setpoint(x10), load_maximum(x10),

; times1-10(energize,stabilize,leak check,prelube,bar,afterbar,before synch,retry crank,cool down,spare
; timel1 23456789

-1 15000 times found in chart t1-t9
115000 172503 52530 100 2 15300 180
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Table 5-4. Accessing the ECU From a Remote Location

(A) Hardware requirements:

IBM 386 or higher PC
2400 baud modem
VGA video capability

(B) Setup: from the floppy drive type install <ret> and follow instructions when asked for com
port and phone number. The following files need to be installed on the c: drive: callecu.bat,
viewcu.bat, dialup.exe, hangup.exe, and view.exe.

(C) File functions:

CALLECU.BAT - dials the ECU and starts the VIEW.EXE program
VIEW {filename} - replays a previously recorded log file (e.g. VIEW ECU.LOG)

VIEW [/Com1][/Com2] - will start the view program when a laptop is connected to the
ECU via a null modem cable. The null modem cable needs to be connected to the SBC-
V53 board in the ECU. Disconnect the serial cable from the 2401 modem card and connect
the null modem cable to the 9-pin connector at the end of the ribbon cable. When finished
using the laptop, reconnect the ribbon cable to the 2401 modem card.

(D) Within the VIEW program use the following keys:

F1 - to show the analog sensors in the bottom window (Figure 5-4)
F2 - show the average screen in the bottom window
L - toggle logging on/off - this will record the data into the file ECU.LOG
ESC - quit the program
Space - while in playback mode, to step through a log file
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6.0 FIELD SITE INSTALLATION, MAINTENANCE, AND TRAINING
6.1 Site Requirements

Site requirements for installation and operation of the 1,500 kW dual fuel diesel generator
set are identical, with two exceptions, with those required for the unmodified diesel units. Those
two exceptions are: (a)the requirements for a natural gas supply, and (b)a capability to
communicate electronically with remote sites for the purposes of both control and for data
transmission. The site drawing for installation of the 1,500 kW unit at SUBASE King’s Bay GA
is shown on Figures 6-1 and 6-2. The unit is located across a roadway from an existing boiler
plant, and the engine house and the switchgear house are each located on separate concrete pads.
Trenching was provided to the unit for running (a) the natural gas supply line, and (b) the diesel
fuel supply line along with a 4-inch electrical conduit for electrical power transmission cables and
a 1-inch conduit for communication lines.

6.2 Maintenance Schedule and Procedures

Maintenance procedures for the engine generator set for subjects other than those directly
connected to the dual fuel conversion are the same as those for which standard maintenance
procedures are already available (Ref 6-1). Several of the subjects dealing specifically with the
dual fuel conversion are discussed in Appendix C. More detailed information is available in
Reference 4-2. A recommended schedule for periodic maintenance activities is provided in
Table 6-1. The subjects addressed in the appendix are special tools, injector calibration, injector
settings and adjustments, a recommended spare parts list, and a trouble-shooting guide.

6.3 Training

Training is required in the areas of both maintenance and operation. A major step in this
direction was taken by the decision to use MUSE personnel for installation of the dual fuel system
on the MUSE unit and for its start-up. This established a hands-on familiarity within MUSE of
the complexities of the installation and of the operational features of the dual fuel system. In the
process of the installation of this system and its subsequent start-up, the adequacy of the suppliers
publications (Refs 4-1, 4-2, and 4-3) for describing installation, operating and maintenance
procedures was demonstrated. Therefore those documents provide not only the basic technical
knowledge of the dual fuel conversion, but with supplementary knowledge provided by ECI
bulletins and by this document, the background needed for personnel to understand the
conversion is provided. In addition, as this dual fuel conversion is now being implemented by
other commercial users, a one and one-half hour training video (Ref 6-2) prepared by ECI, is now
available.
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Table 6-1. Recommended Maintenance Schedule

Inspections
Verify gas operation
Observe gas hours of operation and log entries
of faults experienced. (Available on ECU
information screen or by remote phone link.)
Aftercooler pump

Inspect operation
Lube

GIV oiler service

Test gas quality

Record gas filter differential pressure
Inspect gas supply line and pipe fittings for leaks
Inspect gas system leak detection system
Gas flow control valve
(Spray-lube the linkage swivel joint between
governor arm and gas flow control valve arm
in two places. Use LPS3 or a similar lubricant.)
Leak detection system sensor inspection and calibration*
Inspect/calibrate exhaust thermocouples

Inspect/calibrate all other sensors

Lubricate ECU fan

6-4

Frequency
Daily

Daily

Weekly
Quarterly

Weekly

Monthly
(Weekly for first six months)

Monthly
Monthly
Monthly

Monthly

Semi-annually
Annually
Semi-annually

Annually
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Table 6-1. Recommended Maintenance Schedule (Continued)

Parts Replacement Frequency
Gas Flow control valve* 5-7 years

(Disassemble valve and replace O-rings and seals
when engine is rebuilt or if it is leaking.)

Change GIV actuation seals 8,000 hours of operation
Gas cutoff valve (replace O-ring seals) 5 years
Control air regulator 5 years
GIV gas lines (internal on engine) 5 years
Gas inlet valve (GIV) (unit exchange) 5 years
Aftercooler coolant pump (rebuild) 5 years
Heat exchanger zinc anodes 5 years

* Gas Flow Control Valve should not require maintenance on internal parts unless gas filter is not serviced
properly. The valve must be kept clean and free of internal debris to function properly.
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7.0 CAPITAL AND OPERATING COSTS OF THE DUAL-FUEL MUSE GENERATOR

The capital requirements for conversion of MUSE engine generator sets to dual fuel
operation consist of hardware costs, installation costs, and the costs for an inventory of spare
parts. These are summarized in Table 7-1. Hardware costs are, largely, covered by the cost of
the dual fuel conversion kit provided by the supplier. This kit has been developed, specifically, for
generator sets using the EMD 645 engine, and most hardware items that will be needed for the
conversion are included. The exceptions, in the present case, are caused by requirements that
result from the special ‘packaging’ of the MUSE engine generator sets into mobile units required
by the Navy. These special requirements, and their impact on the system hardware costs, are
identified in the table. The costs for installation (labor) are estimates based both on the labor
involved in the conversion of this MUSE unit and on the conversion of subsequent commercial
umts.

The cost per kilowatt of power for the dual fuel conversion is a function of the size of the
unit converted and of the fraction of the rated horsepower at which the engine is operated. The
data in Table 7-2 provide estimates of this cost for retrofitting existing MUSE diesel generators
for dual fuel operation, the cost additive for including a secondary chamber ignition system in the
dual fuel system, and the cost of replacing the MUSE diesel generators with new, spark-ignited,
gas-fired engine generator sets.

It is anticipated that the operating costs for dual fuel MUSE generating sets will be
substantially less than those for diesel operating units. These savings are due, primarily, to
anticipated fuel savings, but also due to some labor savings as a result of the automation of the
operation of the units. Operational added costs would result from the requirement of maintaining
some additional hardware. These costs are summarized in Table 7-3.
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Table 7-1. Capital Costs for Converting of Navy MUSE
Generating Sets to Dual Fuel Operation

16 Cylinder 20 Cylinder

(1,500 kW) (2,500 kW)
(KS) (K$)

Hardware costs
ECI dual fuel kit* 225 250
Supplementary hardware costs for 12 14
MUSE units*

Installation and startup (labor, services)T 45 55
Totals 282 319
Cost/kWi 188 128

*ECI’s dual fuel conversion kit has been assembled to provide essentially all hardware components required for this conversion.
This includes preassembled wiring harnesses ready to be drawn through conduits and connected to their terminals. However,
the kits do not include hardware items that are unique to the MUSE application. The latter include a larger air compressor and

other miscellaneous hardware.
+Installation and startup include 700 to 900 hours of labor plus other services.

1The cost effectiveness of converting 2,500 kW units is significantly improved both because the engine in the 2,500 kW
application is required to work at a level much closer to its rated horsepower and because the costs are common to the units and

of the same amount.

Table 7-2. Estimated Costs for Four Approaches to Achieving Lo-NOx
Muse Engine Generator Sets

Estimated Estimated
Total Cost Cost/kW
Approach K9) %)

I EMD 645 dual fuel conversion 282 188
(16 cylinder - 1,500 kW)

II  EMD 645 dual fuel conversion 319 128
(20 cylinder - 2,500 kW)

III EMD 645 dual fuel conversion with 379 152
secondary ignition chamber*
(20 cyclinder - 2,500 kW)

IV  New spark-ignited natural gas enginet 425 354
(1,200 kW)

*Based on estimated costs for a secondary ignition system for the EMD 645 engine as discussed in Section 2.0.
+Based on cost of new engines available on the market installed in the required Navy MUSE configuration.
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Table 7-3. Estimated Operating Costs of Navy MUSE Generating Sets (2,500 kW)
for Diesel and for Dual Fuel Operation

Diesel Fuel Natural Gas
(K3) (K$)
Fuel cost/1,000 hrs. operation* 210 92
Operating labor (daily start/stop) 8 1
Maintenance adder for natural gas 5 10
Totals/1,000 hrs. of operation 223 103
Totals/1,000 hrs. of operation 282 319
Energy cost (cents/kW-hr) 8.9 4.1

*Fuel costs were calculated based on those applicable for the dual fuel unit installed at SUBASE King’s Bay, GA. For that
installation, the equivalent cost per therm (100,000 Btu’s) was .33/therm for natural gas (including a 10% penalty for loss in
efficiency for natural gas firing) and .75/therm for diesel fuel.

An operational cycle of 10 hrs/day of operation for 100 days was assumed. A labor rate of $40.00/hr was assumed.
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The following abbreviations have been used to describe major components of the dual fuel

conversion system:

9.0 GLOSSARY

Abbreviation Definition
ASC  Air service cabinet
BDC Bottom dead center
BTu British thermal unit
DF Dual Fuel
DP Differential pressure
ECI Energy Conversions, Inc.
ECP Engine control panel
ECU Electronic control unit
EI Early injection
EMD Electro-Motive Division of General Motors Corporation
FRL Filter/regulator/lubricator
GCOV  Gas cutoff valve
GFCV  Gas flow control valve
GIV  Gas injection value
gm/HpH grams per horsepower-hour
LCI Late-cycle injection
LDS Leak detection system
LEI Low emission idle
LEL Lower explosion limit
LNG Liquefied natural gas
MUSE The Navy’s mobile utilities support equipment
NG Natural gas
NO, Nitrogen oxides (nitric (NO) and nitrogen dioxide (NO,)
RPM Revolution per minute
SCAQMD  South Coast Air Quality Management District
SCF  Standard cubic foot
SCFM  Standard cubic foot per minute
SCR Selective catalytic reduction
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Abbreviation Definition
SG Switchgear
SGP  Switchgear panels
SNCR Selective non-catalytic reduction
SwRI Southwest Research Institute
TDC Top dead center
VTS Valve temperature switch
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Appendix A

LETTER REPORT REGARDING FIRE SAFETY MEASURES FOR
CONVERSION OF USN MUSE DIESEL-GENERATOR UNITS FROM DIESEL
TO NATURAL GAS FUELING
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GAGE-BABCOCK & ASSOCIATES, INC.

SAN FRANCISCO OFFICE » 1990 NORTH CALIFORNIA BLVD., SUITE 200 - WALNUT CREEK, CA 94596 + (510) 930-8000

FAX (510) 930-0433
THOMAS W. JAEGER, PE, President

JOHN E. WOYCHEESE, PE, Principal

July 12, 1994

Mr. Norman Helgeson

Mechanical Engineer

Energy and Environment Department
Naval Civil Engineering Laboratory
Port Hueneme, CA 93043

Subject: Letter/Report Regarding Fire Safety Measures for Conversion of USN MUSE
Diesel-Generator Units from Diesel to Natural Gas Fueling

Dear Mr. Helgeson:

The report given below examines the measures necessary to provide a reasonable level of fire
safety in portable diesel engine driven diesel-generator units to allow for the addition of
natural gas fuel capability. The suggestions given are conceptual in nature and do not
constitute a detailed design documents such as would be necessary for equipment
installation.

Introduction

The Navy is currently employing several diesel-generator units for mobile and emergency
power uses. The skid-mounted units are to be converted from diesel to natural gas fuel to
minimize exhaust emissions. This report contains findings and recommendations of a fire
safety study. It analyzes measures needed to provide a reasonable level of safety against
the hazard of fire or explosion due to the release and subsequent ignition of natural gas
inside the diesel generator housing.

This study was requested by Mr. Norm Helgeson of the Naval Facilities Engineering Service
Center (FESC). It was conducted under the direction of Jack Woycheese, P.E., Principal.
Field work, evaluation and report writing was conducted by Ralph Kerwin, P.E., Senior
Engineer. A field walkdown was conducted on July 7, 1994. Attending the walkdown were Mr.
Helgeson, Master Chief Petty Officer Ron Kluender, Chief Petty Officer Jim Riley, Mr. Rand
Drake, PO-1 Al Willey and PO-1 John Love. Gage-Babcock and Associates gratefully
acknowledges the assistance of the above personnel and Mr. Scott Jensen of ECI in providing
technical information used for this assessment.

Summary of Recommendations

Based on a review of drawings and technical information, together with field observation,
Gage-Babcock and Associates concludes that electrical classification of the D-G enclosure
is not required, providing that the following measures are observed:
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1. Provide welded or threaded gas supply piping. The use of flanged or bolted fittings
should be minimized (and eliminated if feasible).  All - piping, fittings and valves
should be rated for a minimum of 150 psi.  Bubble test joints under full design

pressure.

2. Providle a supervised methane detector at ceiling level above the engine (see
Attachment 1 for suggested location. The detector should be rated for the expected

air flow rates in its suggested location.

3. Provide an independent air flow sensor for the fan to positively identify when the fan
is operating. A dependable sensor without moving parts (such as a venturi-style
device) is suggested for maintenance reasons.

4. Interlock the fan and the methane detectors to shut down the gas supply upon either of
the following conditions:

a. Gas supply valve is open and fan is not running.

b. Methane is detected in a concentration greater than 1% by volume in air (this
represents 20% of the lower flammable limit).

5. Provide a self-check sequence at startup. The ability to activate non-classified
(spark producing) electrical equipment should be contingent on a clear reading from
the gas detectors following verification of supply pipe pressure integrity (see
Attachments 2 and 3).

6. Following engine stop signal and switchover to 100% diesel fuel operation, provide
for automatic, momentary opening of the gas cutoff valve and gas vent valve to
depressurize gas piping in the engine enclosure.

7. Institute procedures and practices to regulate the use of open flame operations within
the engine enclosure during maintenance operations and to periodically evaluate
tightness of any flanged or bolted gas pipe fittings.

8. Remove the two fan-coil heaters from the engine compartment. If these heaters cannot
be removed, they must be interlocked to shut down (and cool down) prior to initiation
of the pressurization test discussed in Item 5 above.

9. Ensure that adequate safeguards are present in the gas line to prevent a single
failure (such as a regulator) from overpressurizing the gas supply line and associated
equipment above 150 psig.

Description of D-G Unit
Enclosure:

An existing, typical diesel-generator umit is shown on Attachment 1. These units have a
nominal output of 2300 KW. Each uses a GM Electro-motive Division Model 16-645 E4 engine,
with 3070 hp. The engine sits in an enclosed compartment with interior dimensions of
approximately 10 x 10 x 35 feet. A separate, adjacent compartment which contains the
radiator is approximately 10 x 10 x 10 feet in enclosed dimension.  Accounting for space
occupied by equipment, the available space inside the engine compartment is approximately
2800 cubic feet.  Ventilation within the engine compartment is provided by a 12,000 cubic
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feet per minute (cfm) ceiling fan. At its rated flow, this fan provides four air changes per
minute within the enclosure.  The radiator compartment provides air-cooling for a radiator,
and ventilation rates are extremely high. Three sides of the radiator enclosure are
substantially open to the passage of air. Attachment 1 shows major equipment locations.

Proposed Conversion to Natural Gas:

The proposed conversion of the engine would allow for dual fuel operation, with an option for
diesel piloted ignition of natural gas. The conversion would be conducted with equipment
provided by a firm such as Energy Conversion Incorporated (ECI), which has converted other
engines of this particular make and model for locomotive applications. Maximum natural gas
flow to engine under normal operating conditions would be 350 scfm at 100 psig.

Hazard Analysis

The primary hazard which would exist due to conversion to natural gas would be leakage of gas
from fittings in the gas supply piping inside the engine enclosure. Leaks could occur at
flanged or screwed fittings, at the individual load blocks or at jumper hose fittings inside
the engine cover. Sudden and catastrophic failure of a fitting is not anticipated unless
caused by gross maintenance error. Such an error would be detectable through a gas detector
following opening of the gas control valve during startup.

Natural gas is flammable in air at concentrations between 5% and 15% by volume. The primary
criterion for not requiring electrical area classification in an enclosure containing
pressurized gas piping would be that adequate ventilation be providled to ensure that a
significant quantity of methane-air mixture could not accumulate in concentrations greater
than 20%. Based on the fugitive emissions calculation method of NFPA 30, the existing
ventilation rate is considered adequate to provide dilution for leaks of up to 150 scfm.

A worst case scenario would be an open 1-1/2 inch fitting connection (ie. open pipe) due to
maintenance error. Such a break would be detectable through a pressure integrity test
(described below), which would involve a short period of gas pipe pressurization prior to
engine start up. The purpose of the pressure test would be to discern piping leaks larger
than could be handled by the ventilation fan (in excess of 150 scfm). If a worst case pipe
disconnection were present in the gas piping, the primary restriction to flow would be the
throttle valve, rated in its closed position at 40 Ibs/minute.  During and shortly after a
five second release (the maximum recommended pressurization time period), the possibility
of a flammable atmosphere would exist. — During this time period, ignition sources could be
controlled by operational means (not allowing exposed heating element operation, not
allowing changes of state in sparking devices such as solenoids).  The existing exhaust fan
consists of an in-line squirrel cage induction motor which drives an aluminum propeller in
an aluminum hub. This fan is inherently spark resistive and would be considered suitable for
use to evacuate gas following such a substantial release.
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Referenced Publications

1. NFPA 30, Flammable and Combustible Liquids Code, 1993 Edition, Appendix F, "Fugitive
Emissions Calculations

2. NFPA 70, National Electrical Code, 1993 Edition, Article 500, "Electrical
Classification."

3. NFPA 497M, Manual for Classification of Gases .. for Electrical uipment...., 1991
Edition.

4. AMCA Standard 99-0401-86, Classifications for Spark Resistant Construction.

If you have any questions, please call me at (510) 930-8000.

Yours sincerely,

Gage-Babcock & Associates

/4,%/& M
Ralph K€rwin, P.E.

Senior Engineer

Encl.
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ATTACHMENT 2, Page 2
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ATTACHMENT 3
SELF-CHECK SEQUENCE FOR GAS PIPING INTEGRITY

The following sequence of events describes activities which should be directed by the Engine
Contro! Unit (ECU) prior to engine pre-lube and subsequent start up activities:

1. Check gas detector to verify no detection of gas above the 1% by volume threshold (20%
LFL).

2. Turn on exhaust fan and verify operation by independent air flow sensor.

3. ECU initiates following activities:
a. Close normally open vent valve in gas supply line (V, in Attachment 2).
b. Freeze all electrical operations requiring the use of spark producing devices

(relays, etc.). Turn off any air-heating coils within the engine enclosure.

c. Open main gas valve (V;) and gas cutoff valve (GCOV). If relay activation in
the ECU is necessary, provide non-sparking relays for these operations.

d. After five seconds (maximum), close main gas control valve (V,).

e. After a brief time delay (say, 30 seconds), verify that gas pressure Sensor

indicates a pressure of at least 80 psi (Note:  Individual cylinder valves may
allow leakage of gas into cylinders for pressures above 85 psig, resulting in
a rapid decline in pressure from line pressure to 85 psig.) ‘

i. If pressure declines below 80 psi or if gas detector indicates presence of gas
over 1% by volume, abort startup sequence and give trouble signal to remote
location. Close main gas cutoff valve (V,) and open gas vent valve (V).

g Otherwise, unfreeze electrical operations in engine enclosure, close cutoff
valve (GCOV) and proceed with pre-lube operation.
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Appendix B

SCHEMATIC DRAWINGS OF DUAL FUEL 1,500 kW CONVERSION OF DIESEL
POWER PLANTS
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Drawing No.

Included Drawings

Title

761-DF
766-DF
768-DF
769-DF
772-DF
780-DF
781-DF
784-DF
788-DF
788A-DF
788B-DF
789-DF
790-DF
791-DF
965-DF
966-DF
966A-DF
967-DF
969-DF
970-DF
971-DF
988-DF
989-DF
990-DF
990A-DF
991-DF
993-DF
994DF
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. . t $$-0C4-81-400} GAUGE TEST AP | SWAGELOK — BULKHEAD QUICK-CONNECT 48
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1 |5uS39] APy a1 | PLUG foyee (AWIRE, 4 POLE . MALE) 37
-8 1 CABLE ASSY  |CARLE G- ~ [2%VDC PN L EMER UGATS JTEMS 31 6
1 180607 METAL TA G “SHORE POWER" 35
P90/ HO 2216 [ CARLE HOUSTOL (% COMD 2 AWG wil ®10G2N) [
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w5-d 1 US| APIL>TA | PLUG Eﬁgg‘— (3NIZE , 3POLE , MALE) 70
DDE ! CABLE ASSY. |CAALE“D"~120}250 VAC STAPWE (TIEMS 10-24) | 19
2 1806077 METAL TAG *q80 VAC STATIOM POWER" |18
3 £ 111 [ oo SPT0| HO2214 |CABLE HOUSTOM {3COND."aAWG Mt®12 GeD) |17
Y 2 [5us33] CP34  |OUST CAP SRouse e Cc
1 [SUS3A INPIG8B5512 | PLUG Teoent [3WIRE, & PCLE , TEMALE) 5 |
L [5A39] APILeSS | PLUG Chonse (3WIRQE, 4 POLE , MALE) 3
1O AWG ! CABLE ASSY. [CABLE*C*~dB30 VAC STA. PWE (M8} 13
V] 2 130607 METAL TAG “couTroL” 3
51672 An-1440  [CARLE. AMIXTEZ. (40 CONP.®18 AWG. , GOOVOLT )} It
2 5US39|rPE033-008 | CUST CAP hanet i oL
2 |3u53SirPeEmi33-388-PIINT | PLUG  [SREIL® (39 WIZE, %9 PLLE . MALE) 9 |
R Cance Petweey 1 CARLE AS5Y. |CARLE™ ~COLTROL (LIENS 9-12) I8 hi !
zcriol RBox ¢ SwiTcHeear ConpreL Unip P METALTAG “INSTRUMENTATION" g
. kf[SPA90] H10303 [CAmLE HOUSTOM (B GPS- TNISTED SKELTED PARS*DANG)| & |} !
2 [08051{MS25042-280] DUST CAP_[CAUMON s |t "
1 N/A 4 : :'
A N/A £
2 108051 |MS 3106F-28-16P] PLUG _ |CANNON _ (20WIRE 20POLE MALE) 2l
! CABLE ASSY. | CABLE A" ~ USTRUMEMATION (TTEMD 2-7)} L '
L froemo ol o Bl ribind MATERATPPCRICATION - "B‘ i
PANTS LIST pol—
OMMUNICATIONS CRBLE  ____.__ - NAVAL ENERGY D ENVRONGIENTAL SUPPORT ACTITY
PENY M. CAFOTRA  AI0AD- 3
i ‘ OVERHAUL 1500 KW
OUEL -FUEL 1500 kw g DIESEL POWER PLANTS .
INTERCONNECTING CABLES . A !
™ o L] AL ~—_ ]
e N4 7408-89-C- 2011
(as NONE | [omi g o

2 L .1 N
ownload from Marﬂme‘EngmeéFmg'Pag’é “www.dieselducking




T e T A T —————— e T L I W Ty

ENGINE - GEALERATOR LUIT END

¥MS 3102R-28-165 RECEPTACLE
“MS 25043-28D DUST CAP

13 AMP 500V AC
20 WIRE , 20 POLE

= T s - v T T
'H
SWITCHAEAR CCNTRAL UNITEND
{
CANNON CANNON
SMS 3I0ZR-28-16S RECEPTACLE
#MS 25043-280 CuST AP
13 AMP, SCO vV AC
G 20 WiRE, 20 POLE
RECEPTACLE A~INSTRUMENTATION CABLE
1
F

CROUSE +~NDS
*RPE233-014-SITNT RECEPTACLE WCAP
(SOCKET iNSERT)

30AMP; 50V AL

39 WIRE, >3 POLE

ar

CROUSE WINDS

*RPE 233-014-SITNT RECEPTACLE Ww/CAP
(SOCKET INSERT)

30AMP, 250 v AC

39 WIRE, 39 POLE

RECEPTACLE B'~ CONTROL CABLE

CROUSE =NDS

- BARG4S ?zcen;\cm w/car

(SOCKET INSERT
&0 AMP STYLE 2

B

CROUSE HINDS

AR ;.msezn RECEPTACLE W/cAP

(PIN INSER

60 AMP, STYLE2

SWITCHGEAR COMTROL L

o

CROUSE WINDS
LARINATS4/522 RS
(PIN INSERTY

100 AMP, %00V AC
4 POLE , 4 WIRE
(ROTATED 22.5°)

RECEPT.

I

CROUSE HINDS
®AR 347 RECEPTACLE
(SOCKET INGERT)
O AMP , 600V AC
4 WIRE, 4 POLE

RECEPTACLE'G’

CROUSE HINDS
*RPE233-014-PIINT
(PN INSERTY

30 AMP, 250V AC

SWIRE, 4”OLE 3WIRE, 4 POLE 39 WIRE, 39 POLE
RECE?TACLE'C~480V AC STATION POWER CABLE T .
RECEPTACLE
)
;

CROUSE “INDS ]

AARSIT SLEPTAQLE w/CAP a?c%%s?z"gamm w/CAP

(SOCXET NSERT) {PIN INSERT)

GO AMP 30V AC W0 AMP, GCOY AL

3WRE,30LE IWIRE, '3 POLE

RECEFTACLE 'D~120/240V AC STATION POWER CABLE

RECETACLE “T™ CONTROL CABLE (ECW

SIME AS RECEPTACLE “8”

.. RECEPTACLE S~

SAME AS Re

8 1 O T ]
This document, and more, is availa @ download from Martin's Marine Engineering Page - www.dieselduck.net ~
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[P - - h e R AT e g e e T P S Ty e e AT T e g . v 1 T EwT TS YR AR VU TRTIRS TN — ' s
6 I 5 i g | 3 1 - 2 '
| 2O jLTR
A | SEE NEES:
Ble) SWITCHGEAR COUTROL LNIT EAD ENGINE -GENERATOR. UNIT EAND
|
CROUSE WINDS
TACLE CARI04754/522 RECEPTACLE w/Cap
AP {PIN INSERT)
1oo AMP, ,.oov AC

RECEPTACLE w/CAP

POLE 4 WiR
(RoTATED 238 )

RECEPTACLE F'™~ SHORE POWER CABLE

CROUSE HINDS CROUSE WINDS
®AR 347 RECEPTACLE W/CAP ®AR ©34TS22 RECEPTACLE CAP
{ggcax&; wﬁ%%ﬁ"r}c {PIN INSERT)
P, 30 AMP . LOO Y AC
4 WIRE, 4 POLE 4 WIRE, 4 POLE

RECEPTACLE G125 V DC POWER £ EMER. LIGHTING CABLE

ar’

.. RECEPTACLE "S* COMMUNICATIONS CABLE

SAME AS RECEPTACLE “B”

UWTACTOR 10 . —
ME Crm (v 78 s L ey -
~ NOMAN i (CCSON DEE—95h ! F }
i_’g;m-_.
o peeetiid s | 53

[Recepracie

CROUSE HINDS CROUSE HINES
TACLE W/eaR RPEZ33-014-PITNT RECEPTACLE W/CAP #RPE233-014-PITNT RECEIIMLE UW/CAP

(PN INSERT) (PIN INSERT)

30 AMP, 250V AC 30 AMP, 2507 AC

39WIRE, 39 POLE 3 WIRE,39 POLE

RECEPTACLE ‘H-ANNUNCIATOR CABLE

I 2[5U339] RPE233- 014~ PIINTIRECEPTALGCROUS!
< u/eap 39| AR 6347522 |RECEPTACLE| CROUS:

CROUS!

!
1 [SUS3{AR 34T
1

5US3T[AR104754/522  |RECEPTACLE|CROUS
(REMOVED)
{REMOVED)

50839 [ARGG 37522 CEPTACLE JCROUSE

lus3djar@37  [RecepTacte  [crous

SUIIN | ARGL4ABS 22

[recePacLe[cROUS

SUDIV ARGAB

| RecepacLe

CROUS

0801 [MS 25043-28D {0UST CAP

CANNO-

CE0D! IMS 3102R-28-169

1

)

]

1

2 |sus3arPe 233-014-SIIN TIRECEPTAC CROUS
2

2

RECEPTACLE] CANNC

FICM NO.

PANT O NOMENCLATURE OA
INTWIYWG QL ORSCAeTION

PARTS LIST

OUVEL FUEL 1500 kw
COWERSON OF DESEL POWER PUNTS .

NAV:

l

P

5 1 4 !
This docuﬁé‘ﬂl and more, is for download from Martin's Marine Engineerinsg Page -www.dieselduck.met= ---
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.w—;-r‘—rz—..:wr—--wvvlw' - - 5“""’-‘ vy ""i"'* = TR = '..._. = 1 e
L ]
2ot L TR DESCITION § oare | asemoveo !
A | SEE NEESA DCN 92-4. +-6 )
ENGINE -GEAERA’ UNIT_END
AP
JRE POWER CABLE
CROUSE HINDS : ;
SARG34TS22 RECEPTACLE . CAP i
{PIN INSERT)
30AMP . GO0 Y AC
4 WNIRE, 4 POLE —_—
2OWER & EMER. LIGHTING CABLE !
1
¢
CROUSE WiNes
AP PRPE233-014-PITNT RECEPINCLE UI/CAP
(PIN INSERT)
30 AMP, 280V AC
3 WIRE,39 ROLE D
'IATOR CABLE !
i
2|51339| RPE 233-014-PITNTIRECEPTACLCROUSE HINDS (39 WIRE, 39 POLE. MALEY |13 | C
1 [SuS39l AR 6347522 ]?ECEP’TACLE CROUSE HINDS [ WIRE 4 POLE, MALE) 2
| [(SUS3A]AR 34T IRECEPTACLE CROUSE HINDS (4 WIRE, 4 POLE FEMALEY |11
! [SUS3T14RI047$4/522  |RECEPTACLE|CROUSE HINDS {4AWIRE, 4 POLE, MALE ) 10
(REMOVED) 9
(REMOVED) 8 I
| [SUS39 /ARG 37522  |RECEPTACLE |CROUSEHINDS {3 WIRE,3 POLE, MALE) 7 E
| |53 AR @37 iRECEPTACLE CROUSE HINDS (BWIRE.!POLE,FEMALE) © :
 [5U839| ARGGA8S 22 [RECEPTACLE|CROUSE HINDS (3 WIRE, & POLE, MALE) | 5 |} !
| |SUS3| ARGAB | RECEPTACLE  |CROUSE HINDS(3WIRE 4 POLE.FEMALE)| 4 1
]
2 |5U5391RPE 233-014-SITN TIRECEPTACLY CROUSE HINDS (34WIRE 39 POLE . FEMALE) | 3 ¢
2108051 |MS 25043-28D |OUST CAP | CANNON (4 !
2 108051 {M3 3102R28-165IRECE PTACLE] CANNON (20WIRE  20POLE, FE MALE) \ "":
#308 4O u"‘"“ml NOUSATu on ] AT IPECIICATION - E‘
TR W™l 7S Baaloed st |
" NAVAL ENEAGY AMD ENVIROMMENTAL SUPPORT ACTIMTY
3 B ——— PR MIDENE, CAPRRAS  ATPA-20N4
OVERHAUL 1500 Kw
DIESEL POWER PLANTS
INTERCONNECTING CABLES
MATING RECEPTACLES A
. Fl80001 =~ 6276556 | .
T o = 447408-89-C - 201 !
ot NONE e 10 & i

“~ : .
— -'-- This documéﬁt, and ;@: ble far.download fren Marti's Marine Ellgi_neeri@ge - wvibw. dieselduck.net AJ




PLAN VIEW

2 DISTRIBUTION QUB. TOOL CABINET ME TERING/X 'FMR/SWI1TCH CUB. CIRCUIT BREAKER QUB. NEUTRAL GROUNC

r-

om——— e ——- - - .,..

I DR

’

b 1-6" ‘! 26" — *;L 2-10° !- 2-3 -

b 2=t

I
|
r
i : FRONT ELEVATION
i
!
i

WSEE BILL OF MATERIALS
OWG 6276360 :

156

1561
|recw

-

Ea 7 ) 6 l 5
| —This.document, and-more-is-available for.dewnload-from-Martin's-Marin Reering Page ~www-dfeselducknet == ="~ RB13




| 2 1

Jura} SESCN

[ A JSEE NEESA XCN 9:
)

GAS' DE TS CTod SERRA Mon

12479 NAVEALATE|IX 3 A CK | SeCr3ICl:

(SE0331uP-2 JACK AATE SN) FOWE

ICA7S NAMEALATE | ) X 3172 BLACK | SOLND PTWE

6 X 15 AED Sz ETAR

R

* DANGER .

TATS NAMED 1 X 3172 A 2CK | ANWCIATC

HIGH VOLTAGE

ICAT9 NAMEPLATZ |1 X 3172 BLACK | £xv C:RCUIT

OPENING THIS J0OOR

IZATO NAWEPLATE |1 X 3172 ALK JENGINE "0

WILL TRIP GEN CiRCUIT BREAKER

!
i
1
i
2 [ICA79 NaAVERL
i
1
!
|

1ZA79 NAVEALATE | 1X 3 172 BLACK ENGae STC:

HIGH VOLTAGE MAY GE PRESENT

1ICA7Q MAVEPLATE 11X 31/2 A ACK | EVERENCY ¢

LEVEN THOUGH GEN 1S SECURED,

1 11cATO NAYERLATE | 1X 3172 2LACK | ALARY FORN

2] 1

N ]

PUSH-BTN. ,SM[C—H !’&l 3

1;1CA79 NANVEALATE [1X 3 112 3LACK

L

| ICA79 MANEALATE|1X 3 V2 ALK

ICA79 NAVEAL - 1X3 V2 3ACA

V@DETA 1L-A scae: 2

ICA79 NAMEX

A ~CK

RED PHENCLIC ‘N1TH wWHITE LETTERS

1 ICA75 NAVESLS SLACK

I/2° LETTERS

HCATO NaNERL L X ~CK | REVESSE F(

12A79 MAVES! AACK | CueR CLAR:

1ICATS NAVEAL A L~CK | C/ER CLRR:

HCATO NANERL 4 AACK [ CVER CLRRE

A7 NAMIAL S AACK | CVER VCLT

HCATO NAMEPLATS 1 X 3 /2 3LACK | UNIT 3ARAL:

ICATQMAMERLATE | I1X 3172 A ACK | FREQLINCY

ICATGINAMEFLATE |1 374 X 4 RED { SEE ZETAIL

ICA79 |NAME 11X 172 BLACK | MANGR. FIEL

ICA79 INAMEPLATE | 11X 31/2 ALK | LOCKOUT RELS

ICATOINAVERLATE [1X 3 BLACK | PHASE S

I ) i

1CA7QINAMEPLATE [ 1X 3 BLACK | PHASE SEQ.

CIRCUIT BREAKER CUB.

NEUTRAL GROUNDING REACTOR CUB.

PHASE SEQ.

CAUTION

.

1DA7 9 INAMEPLATE | 1X 31/2 SLACK | PHASE SEQ.

DO NOT IDLE ENGINE.

32582 | TYPE-2NZ OO ANMUNCIATCR  [ROCHESTER, AN

BELOW 75% ENGINE GPEED] '3

15605 ' 02S0rAOKEHY SW, EMERG LTS | QUTLER-HAMM

WITH VOLTAGE REG ON

62E0EISEMICAACS| SW.ENG. TEMP | GE,TYPE SBM

A

®®
]
®

|
<

S0l

[

8i04SICECTO0-COOOME TER. DGTL PNL [LFEMCEEL 44-

81045LE-9S340000METER. DGTL ANL ILFEXGEEL 444

@ oeTAIL-B

i
i

i

|

i

1

i

|

i

!

|

| ICA7QINAMERLATE | 1 X 3 I/2 B ACK
1

i

|

|

)

!

o

67978168-10-101-20{ TEE HANOLE SoUT-CO. CH

13605 '0250TRS34 1ENGINE STCP Pg| CURLER-HAMA

RED PHENQLIC WITH WHITE LETTERS

60336 |12HEASIMY  [RELAY, DEVICE 96 PROTECTIVE

l/a® LETTERS

55063450 HORN | FeReL, 125

626C6,121,052A1 1A [RELAY, DEVICE-87| GE,AROTECT!

€2606,12ICH51A 1 A |RELAY, DEVICE -32| GE,PROTECT I\

r

q.

1

626C6]121FCVSIADIA|RELAY. DEVICE - 51 | GE.~ROTECT!"

T ————————
,’[D’ESEL [ D:Esﬂ. DIESEL
SELECT SELECT‘E OPERRT!ON

626C6[12IAVAAE 1A [RELAY, DEVICE - 27! GE,AOTECT I

62602]121AV51AIA_ IRELAY. DEVICE-%9 [ GEPROTECTI

R—

P4455 16560C-125Y [LAMP, SYNC GE LR, 125"

96312 [ 2205TXICIL IGHT, SYNC DIALOD ,24V=

54837:B8J22K5 |RES,22.5KN.8W OHMITEMETA

%0(@

15605]10220TI371 |SW, 3 SEQ TEST | CUTLER-HAMA

18605110250T21K8 _|SWITCH, @ SEQ | QUTLER-HAMM

6Z5C6[B7A (NEAS) [LAMP, NEON [(RET7E:E

—— —— o e - e

2-3°

f—

3-10

\TION

€ BiLL OF MTER!ALS

6 6276560

GAS [ GAS [L GAS ,oJ
SELECT || SELES OPERAT nana
AN

1£605 110250T20x8 | SWITOH, PARALLEL] CUTLER-HAMM

66513 |06a 7 RHEQ, 2001 -4V { BASLER , AUT:

548371 5108 RHEOSTAT, FIELD| ONMITE, 739,

[6eECPEaCaa51A2PT |SW. VOLT REG | GE . TWPE-SBM

62606 SEMICAAO28[SWITCH, SYNC | GE, TYPE-SB

1£6051:0250121x8 {SWITCH, FREQ CUTLER-HAMN

- DETAIL~-C -

626061 SEMICAACES SWITCH . GOV GE ,TYPE-SBV

DUAL FUEL STATUS LIGHTS,

€0335| TOOXB3G! | KILOWATT-HOLR MTR| GE , TYPE-DS--

SELFCTOR SWITCMHES,. AND

EC33650-06<52 M SYNCHROSCCFE | GE , YPE -AB~

LABELING PLATES — BLACK PHENOL \MTH

F/N I0RSOTARIO0L] LAMP SOCKETS | CUTLER=HAM
€033¢E0103-1527C: SIPCWER FACTCR TR | GE ,TYFE-AB<

WHITE LETTERS

EC3IEI- 0T <%, [AILOWATT VETER

ECITE0IIRAN |FREQUENCY TR

625CEISEMIOAACO7|SW, VOLTMETER

6033650403 C2HPLL VOLTVETER L IYPE -AB~

60338150403431LESL {AMMETER.

6230€ICIEEE10G-GILIGHT , GREEN

625CECHBEEABGI-FILIGHT , RED

|
[
1
3
|
3
|
!
2
2
2
I
1
2
2 1625COICRIO3C2102 JL IGHT,INDICATCR| GE. TYFE CRIC
|
i
|
i
!
!
i
|
1
13
|
|
]
|
|
|
|
i
|
|

GE
GE
GE
626CE{SEMICAAOCE] SWITOH, AMMETER] GE
GE
GE
GE
GE

625CEISEMICAA 107 ISW, CB CONTROL

'””’I »aAT OB [mmcﬂ -

SANTS LS

[__"77-'3-50;-‘ " pexc

{4 {18608

10250Ts36

NAMEPLATE

UNIT PARALLEL AND PHASE SEQUENCE TEST
FREQUENCY AND PHASE SEQUENCE

15608 | 1023012

!CONTACT BLOCK

CONTACT ROCK USED MTH iTEM 46

Irec 2amTCR
'°[num- o

NOMENCLATUSE O
DEICMP NON

l MATE AL SPECPTATCON

QUEL FUEL 1500 XW snaes .. —-
COMERSON OF DESER. POWER PANTS ‘oo pe—

saTssactoRr 10 a2 -

PIYRRSGEA
Ruan LN

"'""'(.4 P

e =

.5 T

= —="This B)qr_ment and more} blefm{igwi\/fﬂoédﬁom ‘Martin's Manne-ﬁwgmeenng*?age"www dieselducknet--
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oy e e TLTT LTI DTy e D TR T PR g T - N Pl 24 ey = we cewomeias was s ety
4 L 3 | 2 l 1
AEVIRC
fom] SESCRSTON oart | Areeoves
A jSEE MEESA XN 92-6 1992+ 1~ 7
1] GAS DE r'-"croé_sz_mm_mmm CONTROLLER nly
| ] 17479 vaveA ATz i x 3 A LCK | SYNEFICIZING Z LIGHTS 31e
[BESEENE JACK ALATE SOLN) FTWER ~EADSET 64
b ICATS VAVEAATE I X 3 172 ELACK | SO POWER PHONE JACK 292
2 |ICA79 NAvVEPL TSl X 18 R3ED Sz £ETAIL-7) 251
. DANGER . _f 11CA79 NAVEAS"E|1 X 3172 BACK | ANRICIATCR 35C
HIGH YOLTAGE | [ICA79 NAMEPLATZ |1 X 3172 BLACK | SKV C:RCUIT/ BREAKER CUBICLE 34k
OPENING THIS DJOOR . ) [iTA79 NAWESLATE| 1 X 3172 BLACKA [ENGINE “EMP/CIL  JATER 338
WILL TRIP GEN CiRCUIT BREAKER| © TI1ZA79 NAVERLATE | 1X 3 172 BLCK . ENGAE STCP 37
HIGH VOLTAGE MAY SE ORESENT 1 ICA79 NAVERLATZ [ 1X 3172 3LACK | EVERCENCY LIGHTS / CFF ON %€
LEVEN THOUGH GEN 1S SECURED, 1 1iAT9 NAESLATE | 1X 3 72 SLACA | AL+R FORN 331
2] ! PUSH-BTN SW|C-H (ININCY PN 10260T 791000k 4%
[ - | 1{ICATS NAVERLATE | 1X 3 1/2 SLACK | CFFESENTIAL 7 RELAY- 3 =) G
d ot | ICA79 “AMERL AT [ 1X 3 v2 A ACK | CIFFESENTIAL / RELAY - 2 343
) tHCAZ79 NANEDL 272 11X 3 V2 SLACK ! ZNTIAL / RELAY - 1 34z
@ CETAI L’A SCALE: 1/2 1 1ICATS NAVEDL 272 [1X 3 172 3L.CK SEATT ~CUR / “ETER X))
RED PHENCLIC ‘WITH WHITE LETTERS 1 HCATG NAVERLZ1Z [1X 3 172 SLACK LNC': “JOLTAGE / RELAY 24
1/2° LETTERS 1 ICA79 NaNERL 1X3Y2 AACK [REVIFSE FCWER / RELAY )
| |IATG “LAVER 143172 3LACK | CvER CLARENT / RELAY - 3 e
P[IPATENAVEALATETIA 3 172 SLACK | CVER CLRRENT / RELAY - 2 337
’ | "iCATO NAMEPL 2T 11X 3 1/2 LACK | CVER CURRENT / RELAY - 1 35
1ICATIMAMEALATE [ 1X 3172 HACK | OVER WCLTAGE / RELAY 338
JjiCA7Y NAMEPLATE [ 1 X 3 /2 3LACK | UNIT SARALLEL SwITCH A3
| [PATONAMERLATE | 1X 3172 SL-CK | FREQLENGY 'AETER/ SWITCH n) F
| [ICA7QINAMEALATE | 1.3/4 X 4 RED ( SEE CETAIL-8) 337
| ICA79 [NAMEPLATE | 1 X 3172 BLACK | MAMGAL 7IELLYRHEQSTAT : A
. | [ICAT9 [NAMEPLATE | 1 X 3172 ACK | LOCKOUT RELAY 22<
i: 4 -]' P/IDATOINAVEPLATE [ 1X 3 BLACK | PHASE SE / TEST 325
—— ] | [ICA7QINAMEPLATE [ 1X 3 BLACK | PHASE SEQ. / SELECT A7
CAUTION _r' } iCA79|NAMEPLATE | 1 X 3 1/2 BLACK | PHASE SEQL / CBA 36
1 lIDA79NAMEPLATE |1 X 31/2 SLACK | PHASE SEQ. /_ABC 32%
DO NOT lDLE ENGlNE ‘i- | {32582 TYPE2NZCO) ANNUNCIATCR ROCHESTER, AN- 31008 DN4-INTE 3E- S-W-V-8-MOD-RMO | 126
3 BELOW 75% ENGINE SPEED ! | 15605 000G\ SW. EMERG LTS | CUTLER-HAMMER 2P5T, ON OFF LIGHTING 108
- WITH VOLTAGE REG ON _L ! |62606/SBMICANC|SW, ENG. TEMP__| GE.TYPE SBM, 4P, OIL- WATER 07
—_— ! 18i045ICE4T00CO0OME TER, OGTL AL JLFEMOCEL 44430100 MV RANGE 100 PSIG_[IOE| [
—_— | |81045CE-934000ME TER . DGTL ML ILFESGIEL 4443 RTOIOCN PLAT-200°-60C°F 1105
@ DETAIL- B 10]6797€168+0-101-20| TEE HANDLE SOUTCO. CHROME -PLATED HANDOLE 1104
RED PHENOLIC WiTH WHITE LETTERS 1 ]15605|:0250TRS34 IENGINE STCP P @) CUTLER-HAMMER, OIL-TIGHT . | NC CONTACT |95
'/‘. LE 1 160336 12HELEIM2Y RELAY, DEVICE 96 PROTECTIVE, LOCKOUT RELAY 90
1@ TTERS 1165063]a50 HORN + | FEDRRAL, 125VDC_VIBRATONE HORN 86
3 |625CE.121,052ANA [RELAY, DEVICE-B7| GE ROTECTIVE DIFFERENTIAL RELAY %5
9" 1 | |62606 121CH51A 1A |RELAY, DEVICE -32| GE.PIOTECTIVE REVERSE FOWER RELAY %%
, ——— e ! 3 [626CE]12IFCVSIADIA|RELAY.DEVICE - 51 | GE.~ROTECTIVE OVERCLRRENT RELAY 54 ,
olssav. BESEC | | |626C6]121AVS4EIA [RELAY, DEVICE-27| GELAROTECTIVE UNDERVOLTAGE RELAY ) i
LECT m,op gnnonl- ' | [62602[1214v51A1A IRELAY, DEVICE-29| GEPROTECTIVE OVERVOLTAGE RELAY s2] | |
! 2 paa%5 16560C 125V [LAMP, SYNC GELAP, 125, EW, INCANDESCENT <|D- 1
N~ | 2 [95312 'S 0RCLIGHT STAG DIALCD ,23V-250V, CLEAR TORPEDD LENS _ [39] - ‘
l @‘@'( : 2[54837:88J22K5 _|RES, 22. 5KNEW | OHMITE META FILM RESISTOR a7
| i 1 |15605}10250TI371_ |SW, & SEQ 1557 | CUTLER-RAMMER, 2 POSITION, SPRING RET | 46
et I 1 {15505110250T21KB _{SWITCH, B SEQ | CUTLER-HAMMER, 3 POSITION ,GEN-OFF -BUS |45
I cas ggmnjwm 2 [625C6{37A (NEGS) JLAMP. NEGN GE.1-3 V2 SCREWY BASE, 120VAC 24
b sELECT OPERAT JOM | ABMORNA 2 {625CICRIO3C2102 |L IGHT , INDICATCR| GE, TYPE CRIOSC, PHASE SEOLENCE /IND a3 t—
| N~ N\ / 1 |1260510250T20K8 |SWITCH,PARALLEL] CUTLER-HAMVER , 2 POSITION ,  OLTWGHT|42]| °
} @-@_@ i | {66513 [06873 RHEQ, 5001 -2W [ BASLER , AUTOMATIC VOLTAGE/ADWST 40|
} l 1 {837 sios RHEOSTAT, FIEL D OHMITE, 752, 300 w 39
p, 2L LT —_——— | [68C6CLC2952P1 JSW. VOLT REG | GE, IYPE-SEM, AUTO-MAN-OFF _ SPECIAL_[38]
| [626061SBMICAA024|SWITCH , SYNC | GE , TYPE-SBM, W/ PN 23WWI45 REM HOL 137 | |
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Energy Conversions Inc.

Natural Gas power from EMD engines
Technical bulletin 05-001 2/7/96 Pglofl

Subject : Special tools used on natural gas converted engine systems
File name: TBTOOL.DOC

ECI has worked to keep the required special tools to a minimum. There are several tools
that are required for proper servicing and operation of the converted engine. At the bottom is a
short list of tools that are not supplied by ECL.

Rack Measuring Tool p/n 05-0130: This required tool is needed to properly set the
level of diesel pilot fuel. Code named boomerang. This tool is not designed to come back if you
throw it real hard. The boomerang has a detachable standard that is used to calibrateit. The
standard is available separately if lost or misplaced. p/n 05-0132

GIV port brush p/n 05-0112: Not required, but useful. This bottle cleaning brush
works well for cleaning out the oil and small debris that may be left in the hole where the Gas Inlet
Valve fits into the cylinder head. I there is heavy buildup from a leaking seal washer this brush
won’t help. You will need a ream.  ECI can supply a modified ream that will scrape clean the
surface where the seal washer sets too. p/n 05-0113

GIV removal and installation tools: 1/4” drive - 7/32” hex driver, 6” long 1/4” wobble
extension, 1/4” to 3/8” drive adapter and a torque wrench that can indicate torque at 22 Ft. Lbs. is
needed for Gas Inlet Valve installation. Snap-On part numbers indicated in the table below.

GTMA7 Mex wrench for GIV crab bolts
GTMXWE0 Extension 1/4" wobble 6" long
GTMA1 1/4" - 3/8" adapter

GSC040 Gas line crows foot 1 1/4" 1/2 drive

Pressure gauge: 0-160 PSI hand held gauge with adapter fitting for quick
connect/disconnect

Adapter fitting: for installation to relief valve, allowing measurement of
compression or combustion pressure using standard Kein indicating gauge.

Useful tools not normally supplied by ECL:
A pump spray bottle for searching out pipe leaks using soapy water.
3/16 lead wire for taking Piston to head clearance (available from EMD)
Torque wrench, 3/8” drive 15-75 Ft. Lbs. (Snap On # QIFR275E)
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Energy Conversions Inc.

Natural Gas power from EMD engines
Technical bulletin 20-001  2/6/96 Pg.1 of3

Subject : Injector settings and adjustments for ECI converted dual fuel engines in stationary

power applications. Page 1 of 3
File Name: TBINJECT.DOC

Use the special ECI tool to measure
the rack lengths. It is designed to better fit
the tight areas of the injector rack and to
measure the longer rack positions.

For initial setup of the racks after kit
installation and any time that the engine -
governor is changed or if significant linkage
service is performed start at step number 1.
If a routine adjustment is to be performed or
inspections are to be made start at step 5.

A simplified description of the steps
taken to adjust pilot fuel is to first make an
initial adjustment of injector rack to
governor position. (injector to governor
relationship). Next make an adjustment the
pilot stop adjustment screw and third set the
injector racks.

Standard settings for injectors are
dependent on the part number of the injector
applied to the converted engine. The
5229335 injector will operate well at a
injector rack setting of 1.870” the 5229250

injector will operate better set at 1.830”
Testing has shown that when Roots engine
injectors are installed into Turbocharged
engines they can provide a reduced pilot fuel
consumption. However there are other
variables that can affect the combustion of
pilot fuel to the level that increased rack
settings are required. Efficient air after-
cooling and large load changes create a
potential for misfire. To avoid misfire the
pilot fuel must be increased. The rack
setting value for turbocharged natural gas
engines using injector part number 5229200
will vary depending on the type of air after
cooling equipment used and the type of duty
cycle that the engine is normally operated.
Additionally due to manufacturing

- tolerances, rack adjustment should be done

when the injector racks are at the pilot fuel
level.

The table indicates expected rack settings
for different operations

Load swing After Cooling | Rack Setting

Tool standard length 1.870”

Low to Medium Enhanced 1.830” Navy MUSE
Low to medium Extended 1.800

High Extended 1.780” Rig 801

The detailed procedure for proper

injector setting is as follows.

1. Make certain that air pressure is
available to the gas control system and turn the
gas supply off.
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2. Install a governor jack and adjust it
to hold the governor and injector racks to the
full fuel position. Pay attention to the
possibility that one or more injectors links
maybe to short and bottoming out on the
injector. This would cause adjustment errors.
Extend the adjustment of any cylinder if this is
the case, insuring that the governor is free to go
to its full fuel stop.

3. Set up the rack tool so it indicates
zero with the 0.625” standard (the short end)
On two of the cylinders, one on each bank
(easiest if it is the first cylinder on the bank)
adjust the racks to 0.625”.

4. Remove the governor jack and set
the fuel limit knob on the governor to the no
fuel position.

5. Press the buttons on the gas system
diagnostic screen, Alt +Page Down. This
will put air pressure on the pilot stop ram. (If
gas pressure over 25 psi is detected by the ECU
it will not put air pressure on the system. It
may be necessary to manually bleed off some
of the gas pressure to allow the adjustment.
This is conveniently done at the point where the
gas pressure test point is located.)

6. Calibrate the rack tool to zero on the
long side of the standard. (see notes on using
the rack tool)

7. Measure the injector racks of the
injectors that were set to 0.625” make
adjustments as necessary to the pilot stop ram
screw so that the injectors you previously set at
the 0.625” setting are very near the tools setting
with the standard. (You may find that the
injectors are not equal. One rack may be longer
than the proper setting and one may be shorter.
In this case split the difference). Now you are
done making adjustments to the pilot stop
adjusting screw.

8. Set all of the injectors to the proper
pilot fuel setting as indicated in the above
tables. (including the two used for governor to
injector relationship) Accuracy is critical to
insure proper gas operation.

9. Return the fuel limit knob on the
governor to the max fuel position

10. Press a button on the ECU screen
to deactivate the pilot stop test.

11. Open the gas supply manual valve.

Notes on using the ECI rack measuring tool

The ECI rack tool is used to measure
the length of the diesel injector racks for the
purpose of adjusting and setting the diesel
injectors for proper dual fuel operation. Itis
designed to fit the tight areas of the injector
rack area and to measure the long rack
positions.

Prior to taking measurements the tools
calibration should be checked. Hold the
standard in place and set the dial to zero. You
may find this a little difficult. By using your
thumb you can move the tools lever and lessen
the force from the spring on the standard.

After you have made adjustments to the tool
and rechecked them you are ready to measure
the prepared engine injector racks.

The indicator on the rack measuring
tool reads 1/2 of the actual rack deviation
because of the lever to pivot ratio. The
adjusted rack length change is twice the reading
of the indicator scale (2:1 ratio). For an
example, a rack adjustment of 0.020” would
only indicate a 0.010” on the dial.

Careful attention should be taken when
using the standard and to acknowledge what the
standard is. The most common supplied is
machined to 1.870” however for known
applications such as Rig 801 a standard of
1.780” has been supplied. If you are trying to
set the racks at a level that is different than the
standard you do the math to determine what is
the setpoint you are aiming for on the indicator
dial. For example, if the proper rack setting is
1.830” and your standard is 1.870”, (0.040”
difference) the normal procedure would be to
zero the indicator with the standard. Then
adjust the rack linkage to the setting that is -
0.020” from the zero. Refer to the engravings

N
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determine if you have a special standard.
**special note** Pay attention to the small
indicator pointer as well so you don’t
inadvertently make settings that are off by
0.200”.

Injector Timing

Injector timing is independent of the
rack setting. Different injector types are set at
different flywheel degree points.

Injector part # Timing degrees
5229200 4 Deg BTDC
5229250 4 Deg. ATDC
5229335 0 Deg. BTDC

Certain applications may allow adjustments to
this setting. depending on gas quality, engine
load and turbo after cooling, advanced or
retarded timing may be desired. Always start
with the standard setting. If gas content is
largely methane “>92%" and the after cooler
system is optimized then advanced timing
could provide greater thermal efficiency in both
the diesel and the gas modes of operation. On
the other hand if gas quality is low and air box
temperatures are high a reduced timing may be
necessary to avoid the lifting of the cylinder
relief valves. The maximum advance setting
for the timing on these injectors is 8 degrees
BTDC. Consult ECI before attempting to
adjust and operate an engine at this level. If an
over advance setting is made to the cylinder the
rocker movement will be greater than the
movement of the injector and damage to the
camshaft, rocker, injector and cylinder head
will occur. Potentially requiring the
replacement of all of these components
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Energy Conversions Inc.

Natural Gas power from EMD engines
Technical bulletin 20-002 3/5/96 Pg.1 of2

Subject : Injector calibration for dual fuel converted engines
File name: tbinjcal.doc

Explanation: Injectors used on engines converted to operate dual fuel differ only in there
calibration. The diesel injectors contain all the same parts as the standard injectors. There
have been three different part number injectors used in Dual Fuel operation to date.
5229335, 5229250 and 5229200. Normally these injectors are calibrated on a test stand
with a rack length of exactly 7/8", stroked a number of times (300 or 400) and adjusted to
match a calibration standard. For optimum dual fuel operation and balance, the injectors
are calibrated at there pilot fuel setting.

The explanation given here assumes that the person doing injector calibration is
already knowledgeable about operating the calibration machine.

The injector is now calibrated at a rack length of 1.880" it is then stroked a number
of times dependent on injector part number. The injector rack slide is then adjusted so the
injector delivers the proper level of fuel. The fuel feed pressure should be kept between 30
and 50 psi. The speed should be kept between 880 and 910 RPM.  To hold the injector
rack to the new (longer) position of 1.880” a simple extension should be added to the
standard rack holding fixture. This extension can be obtained from ECI. After installation
of the extension check the setting with a depth mic and make adjustments if necessary.

Insert the injector rack into the holding fixture. Because the rack is at its long
position it is more difficult to seat it into the holder. By using a short push rod at the back
of the injector rack it is easy to force the rack into the holding fixture. By performing
adjustments you will find that some injectors are very sensitive and that a small fraction of a
turn on the adjustment screw can make a fairly large difference.

Table 20-1

Injector type number of strokes | number of CC’s
5229200 1600 45-55
5229250 1600 65-75
5229335 800 45-55

The time for tests on injectors are longer due to the number of strokes. There are
alternate methods of running the tests because of the low amount of fuel pumped.
Especially useful on the 5229200 injectors you can set the test stand to run manual so as not
to shut off at the time the counter is reached. Preliminary adjustments and inspections can
be performed on fewer strokes. After you have fuel to a level that is visible in the column,
note that level.  Start the test and measure just the amount of change in level. You can
run several of these tests back to back before draining the columns. When you think you
have the level set then run a standard test.
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It may be desirable to run a standard test on the injectors after they have been
calibrated at the pilot fuel level just to note the level of shift in the delivery. If desired you
can use the table supplied to record the variables associated with injector performance.

Injector calibration record sheet Date

Part Std. delivery before | Pilot level setting | Std. delivery after
Number before pilot settings | after adjustments
Injector serial #
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RECOMMENDED SPARE PARTS LIST

DUAL FUEL DIESEL ENGINE

Iltem Description Park Number Manufacturer
001 Piston 10-1002 ECI
002 Piston Rings 10-1004 Kaydon
003 Cylinder Head 10-1005 ECI
004 Cylinder Relief Valve 10-1020 ECI
005 Air Cylinder, Diesel Cont 20-1110 BW
006 Gas Inlet Valve Assy 35-1402 ECI
007 Filter, Gas Inlet Vaive P-18 Aeroquip
008 Gasket, GIV to Head 35-1438 PHO
009 Exhaust Temp. Sensor xx50-1740 Alnor
010 Flywheel Pickup 50-1728 Dynalco
011 Control Air Press. Sen. 50-1700 Foxboro

Gas Hdr. Press. Sensor

Gas Pressure Transmitter
012 Water Temp. Sensor 50-1715 ECI

Air Temp. Sensor

Gas Temp. Sensor
013 Air Box Press. Sensor 50-1705 Foxboro
014 Exhaust Temp. Sensor xx50-1740 Alnor
015 D. P. Transmitter 50-2021 SMAR
016 Power Supply, ECU 60-1996 ECI
017 Input Isolation Relay MIACS Gordos
N47408-94-D-1038, DO-011, A002 s
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item Description

018 Ouput Isolation Relay

019 Cooling Air Filter, ECU

020 Switch, VTS

021 Gas Cut Off Valve
Main Gas Shut Off Valve

022 Rebuild Kit, GCOV,
MGSOV

023 Gasket, Gas Supply
Piping

024 O’Ring, Gas Hdr.

025 Gasket, Load Block

026 O’Ring

027 O’Ring

028 Gas Hose Assembly

029 Fitting, GIV Air w/Filter

030 Magnet Valve

031 Gasket, Magnet Valve

032 Press Control Valve

033 Diode

034 Shuttle Valve

035 Starting Fuel Canister

036 Hose, Air Control

037 Hose, GCOV to GFCV

N47408-94-D-1038, DO-011, A002
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Park Number Manufacturer
MODC5MA Gordos
PA-2002 Solberg
80-2311 Fenwal
90-2608 Sealco
90-2669 FNW
V137 Eriks

90-2418 ECI

(Modified Style)
230 Eriks
238 Eriks
90-2515 ECI
35-1470 ECI
816-L 1 Graham White
1702 Graham White
VEP-321 Air

8421017 EMD

SV-10-B ARO

020-020 KBI

FC-300-4 Aeroquip
90-2644 ECI

C-9
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Iitem Description Park Number Manufacturer Qty

038 Lead Wire, 3/16” 8245511 EMD 2
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Troubleshooting- Stationary Power
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Troubleshooting- Stationary Power

abueyo jou |im sBuipess snoauous sy ‘Buipeas moj awies
ay} Bummoys si1apuljho Jaylo je1anes yim ‘aanebau obig
e aq Aew Bulpeal ay) ‘abewep Jo [aas] ay} uo Bulpuadeq

uauisnipe sayuny

Paau Jou pinoys saAjeA peoj ayj jJuswiisnipe |[ejjul laye ‘Ajje
-1auan) "Jjasit A9 8yl yim swisjqold joadsns ‘Isisiad sws|
-goud §} "9-3 obed uo paquosap se Japuijho anjeiadwal
ybi1y sy 0} moyy seb ay) aonpa. ‘aajeA peo| ayj buisn

‘2-q | 9bed
U0 paquosep se pasesloul aq pjnoys junowe janj jopd ayi
‘pajoaye st lopul)Ao auo uey) atow Jj 10)odlul josalp aty)
ur wajqoid e joadsns ‘Ajpajeadal sapuijfo auo oy Butuad
-dey si sy §j "ino doip 0y spels uay) Ing ‘seb o} Buiyoums
Jayje awi} Hoys e 104 YO aq 0} swaas Buipeal 1apuyho ay |

‘Aessadau
se Bunim sredas to sosuss aoejday 'sdwin| abie] Bupjew
aq Aew 1o peap ARedwoo aq Aew Buipeal sapuljfo ay )

Jany Jojid ayy jo
Buyanpepun 1o seb jo Bulanpaao ajeolpul Aew apow seb
ay) ul usym moj 10 ybiy yup leyy sainjeladway ‘eAjea seb
10 10100[u tosalp aAnesadou e ajeolpul Aew uonesado seb
layje Ajeonselp yo sdoip Ing epouw |asalp Ul poob s400]
leys Buipeas amyesadwia) vy ‘Bulim 10 Josuas peq e sajed
-ipul ‘uofielado jasaip Buunp uane 018z 1eau o) sdoip Ajjed
-nenso Jo ‘sdwnf afize] Aq seounoq jey) Buipess ainjelad
-wa} 1apuljAo e ‘ajdwexs 104 ‘wayqold sy} asoubelp disy
ueo sbuipeal ainjeladwa) sepuljho NOJ Jo suoloeal sy
'suoseal [B1aAas 10} IN200 UED sjjnej ainjeladwal ysneyxy

pleoq sojuoioaje pabeweq

aAjen 1a|u1 seb Buliey 1o
aAeA peoj janj seb jes Ajadoidw)

l1ooalul [asalp peq 1o |an} jopid jes Apadoldw)

$10}08UU0D 40 saum pabeusep 10 Josuas peg

alnjeledws] 1sneyxy

‘g-H “Bd uo ampaeosoid o} Bupioooe Atessaosu se
aoedal 10 Jredayy 'syobie) pabewep 1o Buissiw 10j joadsuj

‘1t 9oejday ‘Ayjenb jeubis Jood o}
anp Joadsns s| l0suas ay) §| ‘NDJ 8yl apisul ©dooso)|ioso
e Y)iM painsesiu aq ueo aonpoid siosuas ay} sjeubis ay )

sjabiey} Josuas Bussiw 1o pabewed

siosuas peg

Jedouanbag anjep

Uo|joe 9A1}99.4109 10 }I3Yd papusliuiodssy

esned 9|qissod

uoljeaipuj/ealy wejqoid

Trouble Shooting-2

ECI Conversion Maintenance Supplement © 1996 Energy Conversions, Inc.

load from Martin's Marine Engineering Page - www.dieselduck.net

36

This document, and more, is available for

L




Troubleshooting- Stationary Power

‘peq st )i ji Josuas ay} voejday ‘g
-H #bed uo paulino se Josuas ayj Jo uoReRIGIED By} 3oy

‘wieysAs A|ddns jenj seb ayy
%oayo ‘(Ajexiiun A1an) moj 1o ybiy Ajenjoe si ainjesaduis) seb
8yl ‘NO3J 8yl 1e moj 1o ybly speai Ing ‘pewiou st ainyesad
-wia} seb ayj §| e|gel siyy mojjo4 ‘aulbue ay) ojul moj) seb
ay} Buyenojes soj pasn Ajrewnd st ainjesedwa) seb ey

losuas peg

alnjesadwa] sex)

"NO3J 8yl ul p1eoq | ey eoejdal ‘surewal wa)
-goid ay} 1nq Aip pue ues|o aie suolPaULOD pue Buuim ay)
J| "passedAq aq oy [eubis ay) Buisnieo saum ayy ur Buiuoys
ou s| 818y} ains aq usy) A8'y moleq si aliejjoa ayl §| ‘NO3
8y} ul pieoq | ay) eoejday ‘Buyjie) s1 801nos abe)joa uols
-1081d 8y} uayl ‘AZ's anoqe si abeyjoA ey Jj “I018ULOD JOS
-Uas ay} Jo s19X00s oM} 8y} usamlaq abejjoA ay) einses|y

‘Butpeas aunjeladwsa) mo|
€ oAb |Im saim uayoiqg 10 SUolBUUoD peg ‘Bulpeal ain}
-esadwie) ybiy e esneo Ajjeroushb |jm ainysiow 1o uonensul
paieq Aq pspoys seapy eBewep ayy jo ainjeu ay) uo bul
-puadap Buipeas moj 4o ybiy e sayys asneo Aew Buim peg

"peq si )t i Josuss ay} eoe|day p
-H obed uo paulno se Josuas ay) Jo uoljeiqles ay) %oayo

‘sainpaooid aoueua)
-Ulew plepuels o} 1ejai ‘ybiy Ajjlenoe si ainjeladuws) jajem
aulbua ayi §| ‘NO3J ey te ybiy speai ng ‘fewntou si ainjelad
-wia} 18jem |enjoe ay) §| Aluo s|qe} siy) mojjo4 ybiy 0oy si
W Ji yjnej e se pajedipul 8q Ajuo |Im ainyeledwse) Jajem oy

Aiddns samod peg

Buum peg

losuas peq

ainjeladway 19JEepA

‘sabueyo juswi
-isnipe o} aAisuodsaiun sj pue sapouw jany yjoq ul ainjesed
-Wwia) mo| smoys Japullfo ey ‘speoj ybi| Je snoiago JSop

'G-0 abed uo paquosep suonneoaid ojels Buisn
‘NO3 ayjul preoq O/l 8y} eoejday sepows Buljany usemieq

Alquiesse jamod Buijie

UO110E 8A11981109 10 YI8D papusuUiLIossy

esned a|qIssod

uoljedipuj/ealy wajqoid

Trouble Shooting-3

ECI Conversion Maintenance Supplement © 1996 Energy Conversions, Inc.

-13 ) i Lo .
This document, and more, is available for download from Martin's Marine Engineering Page - www.dieselduck.net




Troubleshooting- Stationary Power

"ND3 8y} Ul preoq |y ayj eoe|dal ‘sutewal we)
-goid ayj ing Aip pue ues|o ate suojjoauuoo pue Buuim ay)
J| ‘passedAq aq oy jeubis ay) Buisned saam ay) ul Buioys
ou S| 818y} 84ns aq UsYl A8’y Mojaq SI abejjon ayl §| ‘ND3
ayj ul pleoq jv oy} aoejday -Buijiey s| 8oinos abeyjjoa uojs
-10a1d ay) usyy ‘AZ°G aaoge s) abeyjoa ay) Jj "10}0auu0d 10s
-uas ay} Jo S19x00s oM} 8y} usamiaq abejjoa ay) ainseay

‘Buipeas ainjeiaduwiay moj e oAb
H{IM S81im uayoiq 10 SUoHaUUo0 peg "Buipeas ainjeladwe)
ybiy e esneo Ajjersusb (im ainisiow 1o uole|nsul paseq
Aq peauoys sanpn ebewep ayj jo ainjeu ayj uo Buipuad
-op Buipeas moj 10 ybiy e 1ayya asned Aew Buiiim peg

‘peq si ) §i 10suas ay) aoeiday 2
-H abed uo pauiino se Josuas ay) Jo uoleiqIes ay) $oayn

"ajge]} SIYl YIIM 8nuijuoo uay) 1011
ut swaas Buipeas ainjeradwsl N3 8yl §| ‘wajsAs Buyood
8y} yoadsui ‘ssoj samod feuwnlouge Ui Bunnsal ‘ybiy si ainy
-etadws) ayy §) "ybiy st einjeredwia) e uaym jndino Jamod
aulbuse Jamoj |Im ND3 8y “suibua ayj jo Aoedeo temod
ay} auiwiialep o} palojluow s ainjesadwia) xoquie ayy

Addns 1amod peg

Buim peg

losuas peg

ainjeladwa) xoq Iy

‘NDF 8yl Wi pieoq {1V oY) soe|dal ‘sulewal woj
-qoid ayy Ing Aup pue ues|o aJe suoljosuuod pue Bulim ay)
J| ‘passedAq aq o} jeubis ay} Buisned saim ayy ul Buipoys
ou sl alayl ains aq uayy A8 ¥ mojaq st abeyoa ayi i ‘N3
ay) ul preoq 1y ayy aoejday ‘Bujrey s1 901nos abejjoa uols
-1084d ayj uay) ‘AZ'G oAoqe si abeyjjoA ey} §| 110}08UU0D 10S
-Uas ay} Jo s}19)00s om] ay) usamiaq abeyoa ay) ainsea|y

‘Buipeals ainjeladwa) moj e aalb
JIIM SB1IM UBY0Iq 10 stioloauuoD peg ‘Buipeal ainjeladwa)
ybiy e asneo Ajjesousal jim ainisiow 10 uoneNsul paeq
Aq pauoys sanipy “abewep ay) jo ainjeu ayy uo Buipuad
-ap Buipeas moj 1o ybiy e taype asneo Aew Buuim peg

Ajddns 1amod peg

Buim peg

ainjeledwa] seyn

UOI}0E 9A11981109 10 }O8Yd papuswiuiodsy

esned e|qissod

uopesipuj/ealy we|qoid

ECI Conversion Maintenance Supplement © 1996 Energy Conversions, Inc.

Trouble Shooting-4

C-14
This document, and more, is available for download from Martin's Marine Engineering Page - www.dieselduck.net

L e




Troubleshooting- Stationary Power

"apow seb ay} u auop Ajuo si Buljiioiyy Jie aouis ‘uonjesado
seb Buunp 1nooo Ajuo pinoys ainssaid xoq e ybi “Buum
1o 1osuas peq e ajeoipul few jne} ainssald xoq Jie uy

ainssaid xoquy

‘-3 abed uo paquosap se Ja}jlj 8y} soineg
'S8SBal0ap MO} 8Y} sk Yoeq $80uUNOq NG ‘MOJ} SI0W L)IM
saseal0ap ainssaid seb ey §i pabbnid eq Aew 1oy seb ay ).

‘palinbai se Joje|nbal ayj) 901A18S "UOIIIPUOD S} BUILLIBIEP O)
lojeinbal ay) jo weansumop pue weslisdn sainssaid ay)
alnsesw ‘pajeolpul st amnssald moj i ‘uonelado ioyejnbal
ladoidwi o} anp Ajeuljep st ainssaid ybiH “einssaid moj 10
yb1y Jeyue ui jinsal pinoo uolesedo Jojenbal seb sadoidw)

"Jlosuas oy} aoe|dal HO aie
asay §| ‘Bunm losues pue Aiddns semod ay) oadsui ‘sjjon
ve Aerewixoidde jou st )1 §| "preoq Aiddns Jemod ayy uo
luiod 188} AbZ 8y 1e abejjon ay) Bupinseaw Aq sosuas sy
o} 1amod Ajddns ey 10adsul ‘oalioouy sy Buipeal N ey
J| ‘leued sniejs ay) uo Buipes. ay) o} )i aredwoo pue julod
18} ayi je anssaid ayy yoayo ‘ebneb pjay-puey e Buisp

‘wayshs uonoslep Hes| ay) uo pajesipul usaq
sey yes| e §I (-4 pue -4 ‘p-3 sebed ees) suonnessid
Jadoid Buisn waysAs ay) 1oadsu| "pasojo aq |jIm senjen seb
dnjewolne ayj} ‘pajoslep S| J0suas yes| peq 1o yes| seb e |

‘uado Joey u st}
ey} sulwdiap pue (AODD) eAjea jjo-inys seb onewoine
ay) o) Buiob auy ne s 1adsuy "pasojo Ajued 10 pasoj
sl 4a)1j seb ay)) Jeau aajen seb jenuew ay) § 9as o) 3oy

10}
-enbas ainssaid seb ay) uj wejqosd e sajeoipur Ag)ulep
IInej anssaid ybiy v "uonousal mo|) seb e ajeoipur ues
Sinej 8nssaid MO ‘sapow |anj usamiaqg Bulyoums uaym
uonelado ajqels sse| 0} Pea} IIM LOIYM ‘S|anj JUsIajIp om)
ay) Buigjonuoo abesjuly Jousanob ay) ul yojewsiw e asneo
[m ainssaid seb sadosdw) “sywiy Bunesado jo apisino sie
-A9| ainssald seb joalep o pasn osye s }| “auiBus ay) ol
mojj seb ay) ainsesw o) pasn si Buipesl ainssaid seb sy |

1oy seb pabbn|g

JojejnBay ey o) aunssaid Ajddns moj
1o Jojeinbai ainssaid seb Buyjie

Buiim 10 sosues peg

wieje wo)shs uoloajep yee

(onewoine 10 [enuew) SaAEA [01JU0D PasOl)

alnssaid sex

UOIIOE BA11094103 10 Y0819 PapuaWILLI0IaY

esned a|qissod

uopespuj/esly wejqoid

Trouble Shooting-5

ECI Conversion Maintenance Supplement © 1996 Energy Conversions, Inc.

C-15
This document, and more, is available for download from Martin's Marine Engineering Page - www.dieselduck.net




Troubleshooting- Stationary Power

sdoip ainssaid ayj nq ‘(uonesado Ajuo jasalp Buunp “a'1)
pasn Buleq die ou si a1ay} uaym poob s ainssaid ayj §|

‘uado Ajnj si
BAJeA fenuew 8y} ley} ains ag 1ossaldwoo Bunsixe ayj wiosy
1oteinBau waysAs seb ay) o} Buiob sinsseid se ay) yoayn

Bu
-1IM 10 losuas peq 1o} 3oo] ‘Apueoijubls aeyip sbuipeas ey
§i 'uaaios Aeydsip NHT ayl yum aredwod pue jujod 1501 8L}
Je ainssaid ayj yoayo pue abneb pjay-puey e asn 10eo
-lgn| pue ojeinBai ‘18l ‘aafea jjo-jnys [enuew e ybnouy
10ssa4dwoo lie pejs Je ayy woly payddns st aunssaid
4y "Aiood puodsal 0) sp|D eyl asneo Aew ainssald Je
tadoidwy ‘sanjen 18jur seb ajealloe o) pasn st e |0JjJuo)

SUOIJOL}S@1 MOJ} JIe [01UO0D 18410 10 1)1 Jie pabbnid

lossaidwioo Jie wouy Aiddns e moT

alnssald Ay |04jU0)

"Josuas ay)} soe|dal ‘MO
ale asay} §| ‘Bunim tosuas pue Ajddns temod sy} yoadsul
‘sjjon vz Ajgrewrxoidde jou st )1 §| “pieoq Addns semod ay)
uo uiod 1s8) AvZ 8y Je abejjon ay} Bulinsesaw Aq Josuas
ayy o} samod Ajddns ay 1oadsu ‘oauiooul s| Buipeal NOF
ayl Ji 'NDO3 ayy uo Buipeas ayy o} i atedwoo pue yuod
159} 8y} Je ainssald ay} yoeyo ‘ebneb pjey-puey e Buisn

"aAJeA pawiwe] 10 3onis e 1o ‘aAjeA
ay) o} aul| Jre jonuoo pabbnid 1o pabewep ‘Jouiqes aolales
lle ay) apisul aAjeA [01juod ainssaid Jle ay} o} suoljosu
-u0d [eot109|9 100d ‘aunssaid se jouod jo Kyoe| Aq pesneo
aq pjnoo aAjeA a[)10dy) aAisuodsaluou y 1aramoy ‘jutod
18s pajedipul ay} ueyy Jamo| aq Aew Asyy “pnod j9s ay)
uey} Jeybly Ajueoubis aq Jaasu pjnoys sainssaid xoq
Jie ay] ‘slaquinu (lid @04yl sie ayi Buimoys usalos Aeid
-SIP NO3J 8y} MaIA ‘arempiey |o1ju00 ainssald Jje au) pue
sabeyuy ay} 1oadsu) a0y} Jie ayj 0} pajejal swiajqoid aq
KRew alay) ‘pajeoipul ale 1sd gz Jano sainssaid xoq Jie §

swiajqold Bupim pue 10suas 10 3oo|
‘uede isd g uey) alow ate Aay) §| ‘abneb pjay-puey e jo
Buipeals sy yum Buipesl jpued snjeis NH3 ay aredwon

BuLim 1o losuas peg

ooy} Ay

ainssald [01juod

uoI}oB 8A1}921109 1O HI3YO papusuInIosay

asneo a|qIssod

uoljesipuj/ealy wejqoid

ECI Conversion Maintenance Supplement © 1996 Energy Conversions, Inc.

C-16
This document, and more, is available for-download from Martin's Marine Engineering Page - www.dieselduck.net

Trouble Shooting-6




Troubleshooting- Stationary Power

“Butm [o1uo0 eyy yoayy Aresseoau aq Aew
uawadedal ‘Jou si It )i 'sanjea ay) Butouanbas sy 1 jely
88s pue NO3 ay) apisul laousnbas aAleA ay) Yoays 'SAID
ay) 0} Ajddns ute ay) yoayQ “epow seb ayj o} youms o} bu
-Jdwa)ie uaym ybiy of |im ainsseid sepesy seb ‘swiajqoid
fiddns 1je 1o jeoniosle 0} enp sjelado o) ey SAID Uy )|

anjeA jjoino seb sy} oadsul pue ‘(¢ -y abed ‘suolineosid seb
99s) sef paddes) sy uen ‘Ajenuew Aiddns seb ay) o 1nys
uayi )0 aJe asay} J| "asned a|qissod 104 S|OJUOD D1UOKOR[D
10adsul ‘lomod sey aA[eA aY) J} "SAJEA PIOUSIOS LH/HY oY)
o} payjdde temod ou eq pjnoys aiayy ‘Bunuen aq pjnhoys
dAjeA JuaA 8y} ‘paljdde s| Jie ou Jj "enjeA jjono seb ey}
0} pajjdde Jte Buijenioe ou st a1ay) Jey) 8ins aq o) yosYyD

‘SAID 8y}
#osyo ‘pajdwsiie si uonesado seb uaym Ajuo ybiy saob
pue moj st ainssaid ayj §| "Butiim 1o Josuas peq 1o} 308y
"aAjen yjoino seb ay) yoays usyj ‘Juelsuoo s pue 1sd /<
sl ainssaid 8y} §| "1dPH oNjeA 8y} SMOYS Jey} usalos jaued
Snjels ay) MalA sisixa ainssaid Jopeay aAISS8IXd I Wa)
-qoid e s 19y} saunsse WaysAs [0jU0d 8| "8poL [3salp
8y} ul uaym ainssaid ou 10 Il BABY PINOYS Iapeay] sex)

Apradoud Bunesado jou spjn

Addns a1e 10 anjea jjoino seb yonig

ainssald JIepesH skt

‘losuas ey} soejdal ‘S0
aie asay) §| "Bum Josues pue Ajddns semod sy} Joadsut
‘slion pg Alpjewixoidde jou si )t } ‘preoq Ajddns semod sy
uo juiod js8} ApZ 8y} Je abBejjon ay) Buninsesw Aq sosuas
ay) o} Jemod Ajddns ayj} 1oadsu) ‘Joauicou si Buipeal (03
aul JI ‘'NO3 ay) uo Buipeal ayy o) )1 aredwoos pue juiod
18} 8y Je aunssaid ay} yoayo ‘ebineb pjay-puey e Buisn

"ApBa)ui Jo) sasoy Jje pue Joje
-nBas sy} 1adsut ‘moj st Buipeas ay) j ‘Juswsoedal spasau
pue Ayne; s 1ojeinbal ayy ‘ybiy s1 Buipeal ayy J| Joyejnbat
ayi 1snlpe ‘abuel jo jno Ajybys Ajuo st einsseid e sy §|

'MOJ) patoliisall 1o} wisisAs e ey adsuj “Buinoy
10} 13)jly e ay) Joadsu ‘suibeq uonessdo seb usym no

Buiim Jo Josuses peg

lojenBai are Aynej 1o pajsnipe Appadoiduy

ainssald Xoqily

UOIOE BAI1081109 10 YI3Yd PapUBILIOIBY

esned 8|qIssod

uonesIpu|/esly we|qoid

ECI Conversion Maintenance Supplement © 1996 Energy Con_versions, Inc.

C-17
This document, and more, is available for download from Martin's Marine Engineering Page - www.dieselduck.net




Troubleshooting- Stationary Power

"s)InoJI0 Hoys s|qissod pue saam pabewep
loy 1adsu) ‘asny indu ay} mojq Aew sajnpowr tamod sy}
jo sindino payoyg “Ajaieipawiwil uiebe smolq asny mau e Ji
pleoq Aiddns 1emod ayy aoejday 'preoq Ajiddns tamod ayy
uo ajnpow Jamod peq e sajeoipul Ajqeqosd asny umolq v

‘palojsal
s1 Jamod 1a)je Aojsiy yney ay) e pabboj eq Aew uonew.o)
-U} ‘ND3 ayi apisul preoq Alddns 1emod sy} uo pajelsusb
sa0inos tamod aAl} 8y} Jo 1oy Aq pajoajje sl uasios NOF au)
uo uojjewojul ey “abeyjjon Aiddns senbeii 0} enp spouw
sef ul uonelado sedoidwy Jusnaid 0} NOJ Aq paloluoy

asn} umojg

snjeis Alddng Jemod

‘Aesseoau se aoeydal 10 sedal pue esneo
ay) puly usiayip ate Aayl §| ‘sieygw asnoy Jeab youms
0} patedwoa Buipeal p\ NOJ @Yy jo Aoeinooe ay) yoayd

‘Buipeal ainjeladwa) xoq
Ire ‘Buipeal py ([o4uoo peoj Bunoayje ssjqeuea joadsut
‘peo| sy} Jemoj o} BulAll Jou st NDT ayy §| ‘Buipuodsai jou
s1 JouteAob ayy uo Jojow 8y Ing peoj atj) lemoj oy BuiAn
S NO3J @Y} uayy ‘os §| “Jjo pue uo Bunjullq 8q pjnoys jop

NQD a8y} "usalos ndino jeybip jaued snjels ay) maip

‘uof
-ounjjew j041u00 & ajeoipul Aew sanjea ybiH ‘uoljoauUUcD
{eouj0a)a 1o Josuas pabewep e ajeoipul sanjea aaebapn

SUOII0BUUOD BJIM PAJBIDOSSE 10 13onpsuel} MY peg

Buiim pajeloosse 1o

loutanoB uo 1ojow Buiziuoyouig Buiuonounyiely

(sjou1u0d oljewone pue
sioutanob goA Yyum spun o)

(M) IndinQ Jamod

‘Josuas ayj aoejdai ‘MO
ate asay} J| ‘Buim losuas pue Alddns samod ay) 1oadsul
‘s)joA 2 Ajorewnxoadde jou si it Jj “preoq Ajddns Jamod sy
uo wiod 159} AvZ 8yl Je abejjoa ayj Buninseaw Aq Josuas
ay) o} Jamod Ajddns ay) 1oadsui ‘Joauoou si Buipeal NO3
ayl Jj ‘NO3J 8yl uo Buipeat ayy 0} )l asedwoo pue jujod
158} 8y} 1e alnssaid ayy oayo ‘abneb pjay-puey e Buisn

Butim lo aosuses peq

ainssald lopea{ sen

UOJ}o. 8A11994109 10 }0aYd papuswiuiossy

@sned 9|qissod

uojjesipuj/ealy wejqoid

ECI Conversion Maintenance Supplement © 1996 Energy Conversions, Inc.

Trouble Shooting-8

C-18
This document, and more, is available for download from Martin's Marine Engineering Page - www.dieselduck.net




Troubleshooting- Stationary Power

*ajoAo Buyurewal ay) Buunp
pasojo jou pue uado pjay si anjeA ay) Agalaym apis joNU0D
dluosoale ay) uo ainjie v “(g) es| o) jeas anea ayy Bui
-sneo apInb aAjeA 10 pesy aajea paLoisip 10 pabewep v *(g)
"BAeA By} Jealpiano o} aie passaiduwiod mojje pue Buoj ooy
uado fejs o} anjen ay) asneo Aew A9 ayj jo doj uo anjea
plouajos Buiuonounjiew Jo Buons pabewep v (1) ‘jeay
-4310 0} aAjeA seb e 10) suoseal ajqissod saiy) ale a1ay

‘auly 4oo|
Aew )t yBnoy) uens pajeayienc ussq sey jey) asoy sadwinf
seb ay) pue Al ay) sbueyd 1oy A1aA 8q pinod x00jq peoy
8y} asneoaq |njaied aq ‘umop Inys sey aulbus ay) § ‘s1eyjo
ay} uey) Janoy Algesanou s eyl 3oolq peo| e Aq ejqelosiep
aq pjnoys }t anjen seb Bunesado 1adoidwi 1o peq e si asay j|

"Josal Jou saop jeubis
104 8y} Ji sainuiw g/} -1 UIYIIm nddo |jim umop Jnys aulbu3
"paddois aq 1snw uonesado seb pue aafen Joy e si aiay) jey)
18jj0u0d 8y} 0} BjEIIPUL [IM puUB Sauas Ul paim ale (A|D)
aAjeA Jajul seb uo psjeoo] sayoims anjesadwa) anjep ay |

aln|iej anjep 1juj sey

e SIA

‘abejjon Ind
-Ino s) urebai pinoys Alddns ey) pue §Nouo poys sy} Jredey
"abejjon Indino sy Butonpal Aq Jwe1ind Jwy 0} ajnpow ay
asneo |jim senpowu Addns semod sy jo indino syy Builioys

‘preoq Alddns tamod
a3 aoe|dal 0) 8sned a1e $80UBLIND00 pajeaday ‘uonesado
|BULIOU U1 INDD0 JOU PINOLS | '49AGMOH “JjO |in} O} UO ||} WOl
abueyo peoj pides e yim nooo ueo abejjoranp "uiebe temod
Addns jim ejnpow ey} ai0jeq Jjo payoums aq Jsnw Jamod
Buiwoour sy} ‘Jues siy) uj “Jj0 Jjasy LN} jiim anpotu ay) ‘abe
-J|OA Inchino pajes sy Jo %G 1< SI snpow sy} Jo abeyjon sy §i

"uej Buljooo N3 ay) edsui ‘peyoed
-sns s} ainjeladwa) ybiy j) tlemod apinoid upebe aouo m
Aayy jjo pajooo uaypp ‘4o uIny o) wiay) sesneo ainjesadiua}
ybiH sy aunjeredway ui-ing eney sanpow temod ey

1IN0 Yoys

diy indino abeyjonisng

pajeaylenQ

snjejs Alddng temod

UOJ10B 8A11001100 10 }281}0 popuawInIodsy

asned a|qISsod

uoflesipuj/eely we|qoid

EC! Conversion Maintenance Supplement © 1996 Energy Conversions, Inc.

C-19
This document, and more, is available for download from Martin's Marine Engineering Page - www.dieselduck.net




Troubleshooting- Stationary Power
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