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1. Overview

The primary objective of the integrated system test phase is to demon-
strate the commercial potential of a coal fueled diesel engine in its actual
operating environment. The integrated system in this project is defined as a
coal fueled diesel locomotive. This locomotive,shown on drawing 41D715542, is
described in the separate Concept Design Report. The test locomotive will be
converted from an existing oi] fueled diesel locomotive in three stages, until
it nearly emulates the concept locomotive.

, The first of the three developmentstages will consist of a modified lo-
comotive and a fuel tender car. GE 607, a General Electric Engineeringtest
locomotive, will be used, with modifications,for all three stages. For Stage
I, the 16 cylinder engine on GE 607 has been replaced with a 12 cylinder en-
gine. This has been done to provide additional space on the locomotive to ac-
commodate the extra equipment needed for handling the coal-water-slurry(CWS).
In addition to GE 607, Stage I will use a railroad flatcar with a special CWS
tank, purge water tanks, and associated pumps and controls. The flatcar will
serve as a testbed for working with the CWS. The CWS tank has special features
which will allow the effectiveness of recirculation at various rates to be
evaluated. In addition, it has features such as a removable top and baffles
which will allow flexibilityto modify during the testing process which would
not be possible if the tank were in the location of a standard locomotive fuel
tank. The CWS handling systems will be completely tested prior to the instal-
lation of the actual coal-fired engine. After the coal-fired engine is in-
stalled, locomotive testingwill includeboth stationarytesting and testing on
the General Electrictest track.

Knowledge gained during testing of the Stage I locomotivewill be used to
design a new, segmented, CWS/dieseltank for the Stage II locomotive. In addi-
tion, the recirculatingand purge pumps and associatedpiping and controls will
be relocated from the Stage I tender (flatcar)to GE607, thus eliminating the
need for the tender. The engine will be modified to convert the fuel system to
an accumulator type system. Locomotivetesting will include stationary tests,
tests on the General Electric test track, and limited running on a commercial
railroad.

For Stage III, the locomotivewill be modified to allow the installation
of emission control equipment. In addition,electrical control functionswill
be further integrated into the locomotive'scontrol system.

Refer to drawing number 41D715472for a view of the locomotive equipment
location for the three stages.
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2. Locomotive Desi gn Detai 1s

2.1 Description of GE 607

GE 607 is a C39-8 Engineering test locomotive used for conducting experi-
mental tests. It forms the basis for the coal-fired locomotive, and is used
for all three stages of the program. It is a ;nicroprocessor controlled, six .
axle locomotive, having motor driven blowers and radiator fans. The air com-
pressor is shaft driven.

2.1.1 12-Cylinder Engtne Destgn I}escrtptton

The engine will be a modified General Electric model 7FDL12, which is
normally diesel-firedand rated at 3300 brake horsepower at 1050 rpm. lt is a
4-stroke per cycle compression-ignitiontype engine of 45 degree bank angle, 9
inch cylinder bore and 10.5 inch piston stroke, having a 12.7:1 compression
ratio. Some of the standard design features include: unitized cylinder assem-
blies using welded head-to-linerswith four valves per head and external jack-
ets having individual cooling water, intake air, and exhaust gas connections;
3-ring pistons using steel crowns and aluminum skirts on articulatedconnecting
rods; a cast-iron main frame with internal oil passages; aftercooled
free-wheelingturbochargerrun from a constant-pressureexhaust manifold; hy-
draulic overspeed and speed control governors.

2.1.1.1 Fuel Injection Systems

The coal-fired engine will be provided with dual fuel injection systems.
One is a pilot system for diesel fuel, which will be used to start the engine
and run it at lower power levels. The other is the main system for CWS fuel,
which will be used only at the higher power levels. For Stage I locomotive
testing, the pilot system will be mechanicallylinked to the main system. The
pilot system should change to an electrically operated one for Stage II and
later locomotive versions.

The pilot fuel system will be a modified version of the standard engine
diesel fuel delivery system. This includes an electrically driven fuel trans-
fer pump which is able to operate from battery power, lt pumps the pilot fuel
from the internally-baffledtank (standardlocomotive tank) located under the
locomotive platform, the,1through a large fuel filter with regulator and pres- .
sure relief valve, feeding parallel low-pressurelines to each cylinder bank.
Jerk-type high-pressurefuel injections pumps will be speciallymounted in the
main frame sidecovers,directly cam-driven by an additional lobe per camshaft
section, and connected by high pressure fuel lines to the individual pilot fuel '
injectors. Each pilot fuel injector is sleeve-mountedat the 9 o'clock posi-
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tion on the cylinder head and sprays into the combustion chamber from the side.
These special pilot fuel pump/injectorcombinationswill be in addition to the
CWS jerk-pump/diaphragmpump/injectorsprovided for each cylinder.

A special fuel rack linkage will be used to control the amount of both
CWS and diesel fuel delivered to the cylinders. Refer to the engine Fuel Link-
age Layout, drawing number 41D715542. The load control governor power piston
will rotate two layshafts (one per cylinder bank) just as on a standard diesel
engine. However, this layshaft rotation will control only the pilot (diesel)
fuel delivery during the first half of its rotation, and only the main (CWS)
fuel delivery during the second half. As previously stated, the pilot fuel
will be used to start the engine and run it at lower power levels. Addition-

" ally, a second layshaft on each bank will be provided to allow small amounts of
pilot fuel to be added to the cylinders, as deemed necessary,during CWS com-
bustion (the second half of the primary layshaft rotation). This secondary
layshaft will be rotated by electrically operated actuators, to allow manual
control over this feature.

2.1.2 CWSDelivery System

The locomotive/tender fuel system includes a CWS storage tank, a
recirculationpump, and flow-throughheater, all located on the tender (Stage I
only). Refer to the HydraulicSchematic on drawing number 41D715526. A pro-
gressive cavity (Moyno)pump is used as a charge pump to pump CWS from the CWS
tank to the diaphragm pumps on the diesel engine. Control valves located on
the tender determine whether the CWS is just recirculatedthrough the tank and
heater on the tender, or also supplied to the charge pump on the locomotive.
Control valves on the locomotive determine whether the CWS supplied to the
charge pump is then recirculatedback to the tender, or supplied to the engine
for combustion. A thermostaticallycontrolled water/CWS heater on the locomo-
tive controls the temperatureof the CWS suppliedto the engine. A strainer is
also located on the locomotive to filter any larger contaminants prior to
supply of the CWS to the engine. Drain valves are located throughout the
tender and locomotiveto allow draining of the system.

2.1.2.1 CWSCharge Pump

A Moyno progressive-cavity pump has been selected as the engine CWS
charge pump. This pump will supply up to 13 gpm at 400 psi to all the dia-
phragm pumps on the engine. The basis for selecting this pump is its ability

. to provide such a relatively high flow rate at the high pressure required to
complete filling of the CWS injectionpumps. A progressive-cavitypump is spe-
cifically designed for difficultpumping applicationssuch that of the abrasive
CWS slurry. A smaller Moyno progressive-cavitypump has been used in a similar

" application on the 2-cylinder combustion research engine in the General Elec-
tric TransportationSystems Engine Laboratory. The major disadvantage of the
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Moyno pump is its great length, which requires it to be mounted on top of the
locomotive fuel tank. No other location on the locomotive could accommodate
its approximate20 foot length.

The primary difficulty in pumping CWS fuel is that it is a non-Newtonian
fluid (not constant viscosity). Neither is it a normally viscous fluid. The
CWS fuels used to date exhibit a characteristicin which above a certain shear
rate its viscosity rises very sharply. At the concentrationof 50 percent coal
(by weight) used, this occurs just above the range of maximum pumping shear .
rates_ Consequently,unless local anomalies in the concentration of the CWS
are totally avoided, this has a direct bearing on pump selection. Use of a
progressive-cavitypump will provide capability to handle coal-water slurries
having non-Newtoniancharacteristics.

Centrifugal pumps have a high ratio of peak to average velocities inside
the pump casing, precluding their use except for very low concentrations of
coal. Gear pumps have a pocket at the base of the gear tooth which can fill
with coal particles and eventually lock the gears. In vane pumps, the shear
rate at the tip of the vanes is high, but the vane motion avoids clogging.
Lobe pumps have close clearances,both between lobes and the casing and be-
tween other lobes, which would seem to cause high shear rates. However, satis-
factory operation has been observed at Otisca. This satisfactoryoperation may
be due to its low rpm. A lobe type pump will be used for the multi-cylinder
engine charge pump in the Engine Laboratory.

2.1.2.2 Drain Valves

Drain valves will be provided at the low points in the CWS piping system.
They will erlablethe piping to be drained when the locomotive will be shutdown
for a long period of time, preventing the water from freezing in the pipes and
equipment. The drain valves will also provide a back-up to the water purge ca-
pability, enabling the piping to be drained if the pipes cannot be purged for
some reason. This is essential, since the CWS piping must be either purged or
drained when the engine will remain unloaded for any length of time to prevent
the coal particles from settling out of the slurry. The drain valves them-
selves will be of a type which will, as near as possible, provide no dead
volume in which the coal particlesmight collect. Details of the drain valves
are shown on drawings 41DlI5494 and 41D715559.

Two types of drain valves will be used on the locomotive and tender. The
first type will simply be tees located in the piping, fitted with special drain
plugs which extend up into the tee to the extent that they are relatively flush
with the inside of the piping, to minimize the dead volume into which coal .
could settle during normal operation. If this were not done, removal of a
standard pipe plug might not allow draining of the system if an accumulationof
coal particles had solidified above the standard pipe plug.
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The second type of drain valve which will be used is a General Electric
design specificallyfor use with the CWS. The basis for its design is to pro-
vide zero dead volume for coal to settle in. In addition,it provides a smooth
surface for normal flow of the CWS. Refer to drawing 41D715559 for details of
the valve.

2.1.2.3 CWS Control Valves
v

Full port ball valves were selected for use as control valves throughout
the system because of their wide-open flow path, with no trapped volume for

" coal to settle into. The design of the valves allows the valve ball and seals
to be removed as a cartridge, without disturbing the piping. This will sim-
plify any maintenanceneeded. Stainless steel was specified for both the ball
and the seat.

Double-acting air actuatorswill be used to operate the valves.

2.1.2.4 Piping

The CWS piping will requiremeasures to prevent corrosion, since the base
liquid for the coal slurry is water. The most expedient solution is to use
anti-corrosivesteel pipe, since steel pipe is presently used on production lo-
comotives for both cooling water and lubricating oil. Consequently,hot-dip
galvanized steel pipe will be used for the majority of the Stage I CWS piping.
However, the piping in the immediatearea of the flow control valves on the lo-
comotive will be stainless steel. This more expensive anti-corrosive steel
will be used because this area of the CWS piping system is not expected to be
changed between Stage I and Stages II or III. The use of both stainless and
galvanized steel pipe will allow us to gain experiencewith both throughout the
program.

2.1.2.5 Pipe Couplings

The pipe couplings used for the CWS piping for the Stage I locomotive and
tender have been specifiedas Victaulic-typeend-groovestyle couplings. Refer
to Figure I in the appendages for details of Victaulic-type couplings. The
technical justification for their selection is threefold. First, GE Transpor-
tation Systems presently uses Victaulic brand end-groove style couplings suc-

, cessfully for both coolingwater and lubricatingoil piping on production loco-
motives. Our operating experiencewith them has been good.

Second, Victaulic has a seal for their couplings which will allow them to
" act virtually as a continuationof the pipe wall. The seal fills the gap be-

tween the two mating pipes, eliminatingany dead volume. This may prove to be
beneficial in handling a non-Newtonianfluid such as the CWS.
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Lastly, Victaulic style couplings will allow us to pipe the locomotive
much faster and easier than other couplings or joining methods. This is impor-
tant, in that the piping must be routed around existing cabling, equipment, and
structures on the locomotive. They also are reusable, and allow quick, easy
disassembly, which will be beneficial not only during the changes between the
three stages of construction,but may be helpful at times during testing. They
will expedite changes and disassemblyfor cleaning of pipe or equipment.

2.1.2.6 CWSHeater

A tube-in-shellheat exchangerwas selected for heating of the CWS on the
locomotive, using the engines cooling water as the source of heat. The con-
struction of the heat exchanger is very similar to that of the one used on pro-
ductimi GE locomotives for heating the diesel fuel. The CWS flows on the tube
side because the coal would settle out in non-turbulent areas if it were to
flow through the shell side. The heat exchanger is designed to raise the CWS
temperature 40 degrees-F at a flow rate of 18 gpm, with engine water of 150
degrees-F. Actual flow through the heater will be approximately 13 gpm at
most. The engine cooling water is approximately150 degrees-F at idle, and 180
to 210 degrees-F when operating under load. The temperatureof the CWS will be
controlled thermostatically. Based on our experience to date in the Engine
Laboratory, an operating temperature of approximately 80 degrees-F has been
chosen. At CWS temperaturesabove 80, the engine coolingwater will bypass the
heat exchanger. The thermostaticcontrol valve has not yet been selected,but
will be similar in nature to the AMOT valve used on production GE locomotives.
The heat exchanger will be located under the locomotive platform, just behind
the CWS charge pump. Refer to drawings 41Eg14186and 41Eg14188.

2.1.2.7 Back-Pressure Orifice

An orifice is used in the CWS supply header to the engine to provide suf-
ficient back-pressureto allow supply of the CWS to the engine at approximately
400 psi. At full load, the engine will burn approximately5 gpm of CWS. At
this flow rate, it has been calculated that an orifice size of 0.5 inches in
diameter will provide the desired 400 psi pressure. A pressure transducer lo-
cated upstream of the orifice will be used to control the charge pump speed to
maintain 400 psi. Excess flow through the orifice will provide recirculation
to maintain the coal in suspension.

2.1.2.8 CWSStrai net

A filtration strainer will be used to remove solid particles larger than
fuel injection and control orifices. This strainer will have a removable "
stainless steel wire mesh basket, capable of passing all particles 0.030 inches



in diameter and smaller, lt will be located on the pressure side of the CWS
engine charge pump, easily accessiblefor cleaning.

2.1.3 Lubricating 0il Centrifugal Ftlter

The standard engine lubrication system utilizes a single engine-driven
. helical gear pump in tandem with a pressure relief valve. Lubricatingoil is

supplied from the engine sump through a strainer to the suction side of the
pump. lt is then pumped through a large tube-in-shellheat exchanger,where it

. is cooled by the engine cooling water, and then filtered in a large paper ele-
ment filter housing. The lubricatingoil is then distributedthroughout the
engine from an oil gallery cast in the main frame, and then through drilled
passages.

To remove the additionalcontaminantscaused by the combustion of coal, a
bypass centrifugal filtration system is being added to the system described
above. The larger particlesfrom the oil will be filtered by the ten, standard
paper element filters. The centrifugal filter will be used to further clean
the lubricating oil, bypassing the paper element filter housing, and then re-
turning to the engine crankcase after cleaning. Approximately 10 percent of
the total lubricating oil flow will pass through the centrifugal filter. The
centrifugal filter is driven by the high-pressureoil supplied to it (approxi-
mately 100 psi at full engine speed).

2.1.4 ModificationsNecessaryto 6E 607

lt is necessary to make a number of modificationsto the:locomotive (GE
607) to accommodate conversion to a coal-fired locomotive. Refer to drawing
41Eg14186 for details of the modifications.

P . .

2.1.4.1 Engine Hounting

GE 607 was originally designed and built with a GE 16 cylinder engine.
To provide sufficient room on the locomotive for the CWS handling equipment,
especially for Stages II and III, the engine has been changed from a 16 cylin-
der to a 12 cylinder. This was done by keeping the location of the rear of the
engine in its original position,and shifting the front of the engine and al-
ternator rearward 32 inches. This created sufficient room forward of the al-

, ternator of the necessary equipment. After removal of the 16 cyl. engine, the
forward two engine supports were removed, and new ones were welded in place 32
inches rearward. This also included the addition of a bulkhead inside the

. platform, between the new supports,to provide the necessary strength to sup-
port the engine.

-7-
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2.1.4.2 Blower Cab

To provide additional equipment room over the alternator, the traction
motor blower and alternator blower package was shifted forward on the blower
cab. A new cab was then fabricated to fit over the alternator. Incorporated
into this new cab is a full width platform,which will provide a location for
mounting the a'ir-operatedcontrnl valves which are used on the locomotive. The
platform is equipped with a drip-pan and drain to catch any potential CWS leaks -
from the valves and piping. Refer to drawing number 41EgI418g.

Because of the relocation of the traction motor and alternator blowers, •
it was necessary to fabricate a new alternator air duct (connectingthe blower
to the alternator) and modify the traction motor air duct. Refer to drawing
number 41D715501 and 41D715502 for constructiondetails.

Relocation of the alternator rearward by 32 inches results in the need to
re-route the cables from the locomotive to the alternator. They are being
re-routed to the other side of the locomotiveto allow the use of a full height
doorway into the new CWS equipment area. Because it was not previously neces-
sary to provide easy access to this area before, these cables were previously
located at a height of about 4 feet.

2.1.4.3 Traction Motor Cables

The traction motor cables have been raised approximately8 inches to pro-
vide the necessary height over the fuel tank for the charge pump. Because of
is extreme length (approximately20 feet), the only acceptable location for the
engine charge pump is on top of the locomotive fuel tank. As originally built,
there was not sufficient height to allow installationof the pump over the fuel
tank.

2.1.4.4 Air Compressor

The air compressor on a locomotive is used to charge the train air brake
lines and provide air for locomotive air brake equipment and pneumaticallycon-
trolled devices. The original three cylinder air compressor on GE 607 was
shaft-drivenoff the free-end of the diesel engine. The shaft and couplings
used were specificallydesigned to provide the necessary torsional stiffness to
allow satisfactoryoperationof the air compressorwith the 16 cylinder engine.
The change to a 12 cylinder engine would necessitate changing the driveshaft •
and couplings to those providingthe necessarytorsional stiffnessfor use with
a 12 cylinder engine. For the Stage III locomotive, installationof the emis-
sion control equipmentwill necessitatelengtheningof the locomotive platform, .
and relocation of the equipment rearward of the engine. This would involve re-
location of the air compressor, which, if shaft-driven,would be either diffi_
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cult or impossible. For this reason, it has been decided to replace the
present shaft-driven air compressor with a motor-driven one as is currently
used on current DASH8 locomotives. This will allow locating the air compres-
sor without concern for the ability to drive it with a shaft. Making the
change at this time will eliminate the need to replace the drive shaft and cou-
p] ings.

The new air compressor will be driven by a special dual winding 6/12-pole
. AC electric motor. This motor allows the air compressor to run about twice

engine speed during no-load and low power levels (6-poleoperation). When the
engine speed increases, the motor becomes a 12-polemachine, running at about
the same speed as the engine. The use of a motor driven air compressor also

" reduces the locomotives' auxiliary losses by not rotating the compressorwhen
it is not needed. A shaft-drivencompressor is driven at all times.

Conversion to a motor-drivenair compressor necessitatesthe addition of
a electrical control box for control of the drive motor.

2.2 Description of Fuel Tender Car

A railroad flatcar serves as the mounting base for the CHS tank, heater,
recirculating pump, purge water tanks, and purge water pump for Stage I. It
will serve as a test bed for the development of CWShandling techniques which
will be incorporated into the Stage II locomotive. It will provide the room
and flexibility needed to al low experimentation with CWS tank design and
recirculation techniques. The electrical control cabinet for system control is
located on the tender car (Stage ] only). The types of valves, piping, and
couplings are the same as those defined for the locomotive. An
engine-generator set is located on the tender car to provide AC power for the
pumps and electrical controls. The location of equipment is shown on
41E914197, and the piping layout is shownon 41E914191.

2.2.1 CWSTank

The CWS tank is a one quarter segmentof a full size 4000 gallon locomo-
tive fuel tank. This was done to minimize problems when scaling it up to loco-
motive size for Stage II. The m_in stiffenersand load carrying members are
placed outside of the tank. Consequently,all baffles are stress-freeand re-
placeable. Various cutouts between the six compartmentswill be tested by mea-
suring concentrationof the coal in each of the compartments.

The tank is designed to allow testing of three methods of maintainingthe
coal in suspension in the CWS:

" Recirculation
Bubbling of compressedair in the CWS
Stirrers
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When the baffles are removed, it is possible to exchange the
recirculating and compressed air tubes. This exchange will be required if the
preliminary location and sizes of the holes in the recirculating tubes are not
satisfactory. The fuel inlet mechanismwill be incorporated into one compart-
ment of the tank.

2.2.1.1 CWSTank Construction

The tank walls are made of 0.1875 inch thick mild steel plate. All
stiffeners are external. Both sides of the tank are fitted with raised walk-
ways to allow easy access and inspection of the tank. It is equipped with "
handrails on both sides for safety. Two, removable covers allow access to the
top of the tank for observation and modification. The internal baffles can be
removed through these covers. Each of the two covers is equipped with three, 4
inch diameter inspection holes, with covers, to allow a quick check to be made
into each of th? tank's six compartments. Refer to drawing number 41E914098
for details of +he tank.

The tanks four transversebaffles are removable,and are made of aluminum
to allow modification of hole sizes and locations without concern for corro-
sion. They will be tested in many configurationsincludingcompletely blanked
off and completely open.

i

The recirculatingtubes consist of a longitudinalplaced 2 inch I.D. pipe
each running through three of the tanks compartments. Each of the tubes has
drilled holes spaced 4 inches apart, at angles between 10 and 30 degrees, to
discharge the CWS towards the bottom of the tank.

One of the compartments is fitted with a suction line to supply the CWS
to the recirculationpump. It is intendedthat the CWS be drawn off the top of
liquid level in the tank. In the event the coal settles to the bottom during a
period of non-recirculation,the pump would be able to draw water off the top,
discharging it into the bottom of the tank and providing the necessaYy action
to re-disperse the coal.

The inside of the tank will be epoxy coated to prevent corrosion. The
outside will initially be painted, and.perhaps insulated at a later time to
reduce heat loss during cold weather operation.

2.2.2 Purge Water Tanks

A clean purge water tank and a dirty purge water tank will be located on
the tender. During periods of inoperation, the CWSmust be purged from the
systems. One tank provides a source of clean water for the purging, while the
other tank provides a place to store the dirty purge water. Both tanks are "
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fabricated steel, epoxy coated on the inside for corrosion protection. Refer
to drawing number 41D715481 for details of theses tanks.

2.2.3 Purge Water Pump

A motor-driven centrifugal pump having a 10 gpm capacity at 50 psi is
• used to pump the purge water.

, 2.2.4 CWS RecirculationPump

A motor-driven lobe type pump having a capacity of 100 gpm at 50 psi is
used to recirculatethe CWS. Its speed will be varied to determine the optimum
recirculationrate for the CWS.

2.2.5 CWS Electric Heater

An electric circulation heater will be used in the CWS fuel storage tank
recirculation line to prevent freezing of the CWS during low ambient tempera-
tures. This heater is a pass-throughtype, with several individualelements,
allowing the CWS flow to be thoroughlyheated. The electric heater is sized to
make maximum use of the heat added by the recirculationpump. lt will be lo-
cated between the pressure side of the recirculation pump and the pipe
branch-off for transferring CWS to the locomotive, permitting heating of the
total CWS flow through the recirculationpump.

2.2.6 Engine Generator Set

A diesel engine driven generator set will be located on the CWS tender to
provide power for pumps and controls. Details are given in the electrical sec-
tion.

2.3 Electrical System

The electrical system provides the necessary control and sequencing logic
for operation of the CWS and purge water systems in their various modes of op-

• eration. All pumps and the electric heater are 220 VAC.

-11-
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2.3.1 Power Sources

The fuel tender will require AC power as follows:

CWS Heater............220VAC, 3-phase
Recirculationpump....220VAC, 3-phase
Engine Charge pump....220VAC, 3-phase
Purge Pump............220VAC, l-phase
Instrumentation.......IIOVAC, I-phase

Power will be supplied initially from the Locomotive Test building, and
then later by a portable diesel-poweredsource mounted on the tender car.

2.3.2 DC Control System

The electrical control system schematics for CWS control are shown on
sketches GRC-890106C (sheets 1-3) and GRC-881222K (sheets 1-5). The CWS hy-
draulic schematic is shown on sketch 41D715526. Main control is through a se-
lector switch with the following 6 positions:

[I] Startup/Shutdown
[2] Charge RecirculationSystem
[3] Charge Engine
[4] Run
[5] Purge Engine
[6] Standby

2.3.2.1 Start

o The cycle begins in the Startup Position. Circuit breakers CBI,2,and 4
are open and no pumps are running. Note that Start and Shutdown are the same
switch position except that in Start the lockout relay (LOR) is dropped out to
prevent initiation of a purge cycle when the circuit breakers are first closed.
The circuit breakers are then closed.

2.3.2.2 Charge Recirculation

Moving the switch to position [2] picks up relay RECR to start the
recirculation pump and closes valves V4, V8, and VIO to initiate the charging
of the recirculation lines. Purge water is cleared from the recirculation "
lines by pumping CWS from the CWS tank through the valves V4, VS, and VIO.
When all purge water has been pushed into the dirty water tank, time delay
relay TD20 picks up. VIO is opened and vg is closed to re-route the slurry "
back into the CWS tank. Picking up TD20 also latches in relay RCCR to indicate

-12-
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that the recirculation lines are fully charged. The pump continues
recirculating CWSfrom the tank through the electric heater and the CWSheat
exchange_' on the locomotive. Pumpspeed is controlled by an inverter drive
control. The pump may be shut off manually, if required by opening switch
RPSD.

2.3.2.3 Charge Engine

Moving to position [3] picks up ECR1 to start the engine charge pump at
slow speed. A second inverter drive control is used to regulate engine charge

" pumpspeed. Valve V4 is opened and valves V2 and V5 are closed to pumpCWSto
the engine charge pump. The charge pumpthen pumpsthe CWSthrough the engine
pushing purge water through V2 and into the dirty water tank. Valve V4 is
opened to preclude starving the charge pump.

When all the purge water has been pushed into the dirty water tank, TD30
picks up to open V2 and close V3. This re-routes CWSfrom the engine back to
the CWStank where it is recirculated. Picking up TD30 also latches in relay
ECCRto indicate the engine is fully charged.

2.3.2.4 Run
i

Moving to position [4] picks up ECR4 to run the engine charge pump at
high speed to run the engine. Note that both RCCRand ECCRmust be picked up
in order to pick up ECR4. Feedback from pressure transducer PT1 mounted near
the orifice is used to control pumpspeed to maintain a CWSpressure of 400 psi
at the engine.

2.3.2.5 Purge Engine

Moving to position [5] drops out ECR4 to return the engine charge pumpto
low speed and picks up relay PURPto start the purge pump. Valves V2 and V6
are closed, and V3 and V5 are opened. This routes water from the clean water
tank through the engine to the dirty water tank. CWS in the engine will be
pushed through V2 into the dirty water tank. Valve V4 is also closed to resume
recirculating the CWS through the heat exchanger. When the engine purge is
complete, TD52 picks up to stop the purge and charge pumps and to open valves
V2 and V6. Note that the EPR relay is picked up at the start of the engine
purge cycle causing ECCRto drop out. This prevents running the engine until
another full engine charge cycle has been completed.w

,lm
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2.3.2.6 Stand By

Moving to position [6] puts the system in a standby mode. The
recirculation pump continues to recirculateCWS through the heaters while the
engine idles on diesel fuel. lt is possible to move directly from Run to
Standby without initiating an engine shutdown sequence by holding the engine
purge bypass switch (EPBS) open while moving from [4] to [2]. This is useful
when a temporary engine shutdown is desired. In this case EPRB must also be .
held open when moving from [6] back to [4].

m

2.3.2.7 Shutdown

Moving to position [1] with LOR picked up initiates the shutdown se-
quence. The purge pump is re-startedwhile valve V7 is closed and valve V8 is
opened. This pumps water from the clean water tank through the recirculation
lines. Prior to complete purging of the CWS, TD11 picks up to open vg and
close VIO. This is done to route the pur_e water into the dirty water tank and
not into the CWS tank. When all lines have been purged, TD12 picks up to stop
the purge pump and open V4, V7, and VIO. The shutdown cycle is now complete.
Note that the relay RPR is picked up at the start of the purge cycle causing
RCCR to drop out. This prevents running the engine until another full
recirculation line charge cycle has been completed. Removing DC power will
allow the LOR relay to drop out to avoid another purge cycle on re-start.

2.3.3 Status Indicators

Control Status is displayed by status lamps mounted on the door of the
fuel tender control box, as shown on sketch CRC-890106C, sheet 3. Indicator
lights are used to shown the following:

Shutdown Complete
RecirculationCharge Complete
Engine Charge Complete

• Running
Engine Purge Complete
Standby
VIO Closed
AC Power
DC Power (Wayside)
DC Power (Locomotive)
Water Heater
RecirculatingPump Running
Purge Pump Running
Charge Pump Running
Charge Pump Running Hi Speed
Full Pressure at Orifice

-14-



Control Air
V3 Closed
V4 Closed
V5 Closed
V8 Closed
V9 Closed
Purging Engine
Purging Recirculation Lines
V6 Closed

" V7 Closed
V2 Closed

|
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