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1.1
INTRODUCTION

1.2

REASONS FOR
DEVELOPMENT
OF EMDEC

This manual has been prepared for personnel involved
in the maintenance and repair of the General Motors
EMDEC (Electro-Motive Diesel Engine Control)
fuel injection system. This electronically-controlled
fuel delivery system is currently available for the 710
series, and 265H series diesel engines, and as a retrofit
to appropriate older engines. EMDEC is applicable to

rail, power, marine, and industrial applications.

This text is intended to provide a solid workable
knowledge of the basic EMDEC system, its
components, operation, and troubleshooting.

Due to the significant variations between equipment
applications, the system used in this presentation
reflects a basic configuration. Always refer to the
correct Engine Maintenance Manual (EMM), and
wiring schematic for specific service data.

EMDEC system diagnostics may be performed using
a laptop computer with a diagnostic program called
“WIN-EMMON”, and in some locomotive
applications, by using the EM2000 control computer.
This text will illustrate diagnostic techniques for both
situations.

The EMDEC system was developed to allow for a
number of improvements in engine performance.
Electronic control of a fuel injection system aids in
improved fuel economy, and a reduction in certain
types of exhaust emissions. This is made possible by
the system’s ability to sense changes in engine or
ambient conditions, and adjust fuel delivery rates and
injection timing to compensate.

EMDEC Operating & Troubleshooting Guide 1



1.3

EMDEC
COMPONENTS

1.3.1

Engine Control
Modules
(ECM's)

An additional benefit is the ease with which the system
can be modified. By altering the programming within
the control modules, the same physical components
can be used on different engines, or for different

performance ratings.

The EMDEC system consists of several main
components that are common between most engine
applications. These components will be examined in
detail later in the text. A brief description follows.

Figure 1.1 EMDEC Main
Components.

The Engine Control Modules perform all the functions
of the Woodward governor such as injection control and
engine protection. They areself-contained
microprocessors, individually programmed for a specific
application. Through internal wiring harnesses they are
connected to the injectors and various sensors. “Cold
Plates” (if applied) use return fuel to stabilize the
temperature of the unts and are attached to the front face

of the ECM’s

Electro-Motive Service Publication



1.3.2 EMDEC equipped two-stroke EMD engines use

Electronic Unit electronically-controlled unit injectors. The injectors

Injectors are fitted to the cylinder heads in a similar manner to

(Two-Stroke) the mechanical style. However, instead of a mechanical
linkage, a wiri11§/lhar11ess connects each injector toits
controlhng ECM.

Figure 1.2 EUI Injector.

EMDEC Operating & Troubleshooting Guide 3



1.3.3

Electronic Fuel
Pumps &
Injectors

(Four-Stroke)

Unlike the unitized injector on the 710 series of
engines, the 16V265H engines are currently equipped
with separate fuel pump andinjector (nozzle)
assemblies for each cylinder. Although separate

components, they function in a manner identical to the
unltil%eg assemﬁ%,/. llglosc]ﬁ manutactures t(llwe I;our—stro e
injection equipment to EMD specifications. Like other

EMDEC applications, all fuel pumps areconnected to
the controlling ECM by anelectrical harness.

Figure 1.3 Injection Pump & Nozzle for H-Engine.
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1.3.4 EMDEC uses various sensors to determine crankshaft
speed and position, system pressures, andtemperatures.

Sensors The sensors are connected to the ECM’s by means of
external wiring harnesses .

1.3.5 The 24 volt power supply and interface module

Power Supply converts control system voltage into a stable 24 u

& Interface volts, as required by the EMDEC components.

Module
In addition, the interface module allows for
communication between the injection system and the
control system. Speed inputs forexample, are converted
from the solenoid commands found on a Woodward
governor, into RPM requests that are understood by the
EMDEC system.

1.3.6 EMDEC is by no means a finished system. As
system and performance requirements change, the

Conclusion ’ P d 5

components and programming are being refined
to better meet the needs of our customers. Older
applications are upgraded to reflect the changes
and maintain commonality of components.

EMDEC Operating & Troubleshooting Guide 5



1.3.7

EMDEC
Glossary Of
Terms

ECM

EM2000

EMDEC

Engine Ratio

Engine_R

EUI
MUI

Pulse Width

SRS

TRS

PID
SID
MID

EHC

Engine Control Module.

Locomotive control computer.

Illectro-Motive Diesel Engine
ontrol.

Expression of amount of fuel being
consumed as a percentage of total
available fuel at a given engine

speed.

Engine ratio as seen on the EM2000

computer.

Electronic Unit Injector
Mechanical Unit Injector
Duration of an injection sequence,
measured in degrees of crankshaft

rotation.

Synchronous Reference Sensor, used
for timing and speed signal.

Timing Reference Sensor, used for
timing and speed signal.

Parameter ID.
System ID.

Message ID.

Engine Harness Connector.
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2.1 In operation, the basic fuel supply systems usedwith
INTRODUCTION EMDEC-equipped engines function similar to MUI
equipped systems. Major differences include filtration,
fuel pressures, and fuel volume. This section of the text
will trace the fuel flow through twotypical systems,
those applied to typical 710 applications, and as applied
to the 6000 HP 265H application. Due to the

differences between equipment, always refer to the

specific service publications foryour applications.

2.2 The function of the fuel supply system is to provide the
THE 710 TYPE injectors with a supply of filtered fuel in quantity, and

EYEraPPLY BRSSO R S BEOR TP BRE Sy stern
as configured for atypical 710 engine locomotive
application.

NOTE:
Before performing maintenance or diagnostics on the
fuel system, ensure that the proper system schematic is
available for reference.

EMDEC Operating & Troubleshooting Guide Q
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Figure 2.1 Typical 710 Type EUI Fuel System.
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2.2.1

Suction Strainer

2.2.2

Fuel Pump

As in the MUI system, fuel is pulled from the fuel tank
through a suction g [
strainer by the

fuel pump. This

stralﬁer mounted
on the equipment

rack (figure 2.2)
protects the fuel
pump from any
large debris
contained in the
tank.

Figure 2.2 Suction Strainer.

The fuel pump (figure 2.3) is typically mounted on
the equipment rack. The pump has been increased in
capacity over MUI systems, with output between 5.5
and 8 GPM depending on the application. While still
supplied with 74 VDC from the control system, the
motor carries its own inverter pack, and operates on
AC to eliminate brush and commutator maintenance.

ELECTRICAL
COVER

DISCHARGE

Figure 2.3 Fuel Pump.

EMDEC Operating & Troubleshooting Guide 11



223

Fuel Preheater
& Primary Fuel
Filters

Most EUI systems are equipped with a fuel preheater
and thermostatic modulating or AMOT valve (figure
2.4). Inlet fuel temperature is monitored by this valve,
which has a setting of 75° F(96° F on previous
Beiom e i sal settng, hoeh iR dhecied P
through the fuel preheater where it is warmed by
engine cooling water.

Fuel next flows to the 13 micron primary fuel filters
(figure 2.4). These filters are equipped with a bypass
valve that will allow fuel to flow around the filters to
the engine, if the filters plug. Should the filters begin
to plug, the pressure will increase in the line between
the primary filters and the fuel pump.

5 - e
3 — —-
\ . — ____..._.
-

PRIMARY
FUEL FILTERS

FUEL
__ PREHEATER | __

Figure 2.4 Fuel Preheater and Primary Fuel Filters.

12
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The bypass begins to open(crack) at 25 psi, and is fully
open at 30 psi. Any impurities in the fuel will be trapped
by the secondary filters which will quickly plug.

On certajin EUI applications, pressure transducers have
been added to theplgi)lter inlet 31?1 outlet lines, connected

to the control system. Should the pressure differential
across the primary filters exceed 25 psi, the control
system will indicate a plugged filter condition.

On later models without spin-on secondary fuel filters,

primary filters are 5 microns and the bypass valve is
located between the fuel pump and the thermostatic

valve to direct fuel to the tank in the event of plugged

filters.

224 From the primary filters, fuel now travels to a fuel block
at the bottom right front of theengine from which 3

steel tubes (or flexible hoses on some applications)run
vertically up to the Secondary Spinon Fuel Filter
Manifold. This fuel block feeds fuel to the Spin-on Fuel
Filter Manifold and receives return fuel from the
engine. The 3 fuel lines coming from the block are:

Fuel Block

- the return to the fuel tank (closest to
the engine),

- the fuel supply (middle line), and

- the filter bypass fuel return to fuel tank
(third line).
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2.2.5 In early models the fuel enters the Spin-on Secondary

Secondary Fuel Filter Manifold. Depending on the application,
Fuel Filter this manifold may be:
Manifolds

° mounte(cfl,on the gi ht front corner of the
engine (figure 2. c%,

¢ mounted on the front center of the engine

(figure 2.5b),

Figure 2.5a Fuel Filters Mounted On Right Front
Corner Of The Engine..
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Figure 2.5b Front Mounted Filters.

NOTE:

Due to the increased fuel pressure and risk of fuel
leaks at this location, the sight glasses have been
eliminated on later EMDEC applications.

Figure 2.5¢ Engine Without Front Mounted Filters.
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Regardless of the mounting application, internal
porting within the manifold allows the fuel to flow to
the cracking side of the high pressure filter bypass
valve, and both spin on secondary filters. Bypass valve

St O bl Aone e e RAVED S
micron rating. The element size has been increased
from previous systems to allow a greater fuel flow rate.
Fuel pressure is monitored by EMDEC at this point,
by means of a pressure transducer located in the upper
left-hand portion of the manifold, when facing the

front of the engine.

— NOTE:

In previous models, if the primary fuel filters are

bypassing, the Secondary Spin-ons will quickly plug up.
Back pressure between tKe secondary filters and the Rjel

pump will rise, causing the high pressure bypass valve to
open. Fuel will flow through the high pressure bypass
valve and from there back to the fuel tank. Unlike the
primary bypass, when the secondary filters plug, the
engine will starve for fuel causing major performance
problems. Changing of both primary and secondary fuel
filters is mandatory on all EMD engines.

Under normal conditions, fuel flows from both

?ﬁicondar ,Plfgrs iniio_a common line inside the fuel
ilter manitold. At this point, a temperature sensor has
been installed to allow EMDEC to monitor fuel

temperature.
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For applications with the filter mount on the front
right corner of the engine, fuel leaves the manifold
and enters a ported fuel distribution block mounted
on the front center of the engine. From this fuel block,
RRROLR T By the el D anging
with the filter manifold mounted in the center of the
engine, fuel is routed directly to the fuel manifolds in
the top decks of the engine.

Fuel travels down the upper line of the manifold,

down each bank of the engine, terminating at the last
cylinder on each side. Note that the fuel manifolds

have been increased in size to 7/8" diameter.

2.2.6 Each injector is supplied with fuel through fuel
jumpers as on MUI systems. The jumpers however,
are now a flexible line with a larger diameter (figure
2.6). The fuel enters the fuel injectors through a small
in-line filter element, then circulates through the
injector’s internal passages. A portion of the fuel is
used for injection, the remainder is returned to the
fuel tank. Note that lubrication and cooling of the
fuel injector is done with this excess fuel flow as in
previous systems. For a more detailed operation of
the injector, refer to Chapter 4.

Fuel Injectors

Figure 2.6 Electronic Fuel Injectors.
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22,7

Return Flow

2.2.8
Check Valve

Fuel now leaves the injector through the jumper line

to the lower line of the fuel manifold. In previous
models, the return fuel flow from the manifolds is
routed through cold plates (if applied) attached to the
bloek W5 mfed el passages eoered i s i’
plate. As return fuel temperature is nominally 120 -
140° F and does not change quickly, this fuel is used to
stabilize the temperature of the ECMs.

From the cold plates, the return fuel is directed to the
return fuel check valve.

NOTE:
This check valve may have a rating between 30 and 60
psi, depending on application. Ensure that you consult the
Engine Maintenance Manual for the correct check valve
application.

On previous systems equipped with sight glasses, this
valve is located under the return fuel sight glass (closest
glass to the engine). On most EMDEC systems, the
valve is mounted inside the filter manifold block. The
check valve ensures that the system maintains back
pressure for proper injector operation. Note that system
pressures have been increased on EMDEC engines.

Always refer to the appropriate Engine Maintenance
Manual for correct system pressures.

After passing through the return fuel check valve, the
fuel is directed down through the fuel block on the
lower right front corner of the engine, then back to
the fuel tank.

18
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2.3

265HTYPE
FUEL SUPPLY
SYSTEM

2.3.1

Fuel Tank

2.3.2

Suction
Strainer

2.3.3

Fuel Pump

While the basic fuel supply system applied to H
engines performs the function as the 710 type
systems, there have been several major changes to

the operation.

The fuel supply system (figure 2.7) begins with the fuel

tank (a).

The tank is equipped with drains for the fuel side and
the retention tank portion.

Fuel is drawn up to the engine through the suction
strainer (b) that serves to protect the fuel pumps.
Certain 265H engine applications are equipped with

two fuel
mechanicallyrdr

one
ven

C]]6>:(:tri(:ally—driven (c), and one

The electric fuel pump is used for priming the engine
prior to startup; normal engine operation is with the
mechanical pump only.

The electric fuel pump is a diaphragm-type pump
controlled by the EM2000, and is mounted below the
equipment rack. During fuel prime, the pump draws
fuel from the tank through the suction strainer and

supplies the system through the fuel filter.

EMDEC Operating & Troubleshooting Guide
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Figure 2.7 Fuel Supply System.

20
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2.3.4

Fuel Filter

2.3.5

Fuel
Distribution
Block

2.3.6
Injection
Pumps

The fuel filter () is a paper element type rated at 13
microns and is equipped with a 25 psi bypass valve.
Note the increased size of the filter to handle the
greater flow rate of the new system.

From the filter, fuel is transferred to the fuel
distribution block (f) mounted on the front of the
engine. Flow is divided at this point and directed to the
supply rails (g) running down each bank of the engine.

At each cylinder location, flexible jumpers carry a

supply of fuel to the rocker box housing, then with
internal jumpers, across to the pump body.

;Fhe injection pumps yse a portion of the fuel suplﬂy
or engine operation, the remainder carries excess heat

from the pumps back to the return side of the system.
Through another set of flexible jumpers, return fuel is
routed into left and right bank return fuel rails (h). At
the front of the engine, fuel is directed from each
return rail to a cold plate mounted to that bank’s ECM
to stabilize temperatures within the unit. From the
cold plates, fuel then travels to the fuel distribution
block where a return check valve ensures proper
system back pressure. Excess fuel now is sent back to
the tank.
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3.1
INTRODUCTION

3.2

710 SERIES
ELECTRONIC

UNIT INJECTOR

e bwogtiaks EMPfagnghastssdwrntsd fuel
feature has been retained for the 710 series of
EMDEC-equipped engines, the Electronic Unit
Injectors (EUI) are of a slightly different design and
use a different control system. Electronic engine

control is now installed on all new production engines.

The EUI’s (figure 3.1) still perform the same functions
as the previous system’s mechanical unit injectors
(MUT5s). They meter, time, pressurize and atomize the

{shdlansverdhsmstions perfqumed by thepe
Engine Control Modules (ECM’s). The lay shaft and
injector racks have been replaced by a wiring harness.
The helix and barrel assembly of the MUTI has been
replaced by a solenoid, and hollow poppet valve
located on the new injector.

Currently there is one type of EUI available for all 710
engine applications.
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Figure 3.1 Electronic (EUI) and Mechanical (MUI) Injectors.

The EUI may be broken down into three basic
sections - control, high pressure pump, and injector

(figure 3.2).
CONTROL
PORTION
“E” Coill
Stator G
Armature.
Poppet = |
Valve

Figure 3.2 Breakdown of EUL

Anvil

Needle

Valve

HIGH
PRESSURE
PUMP

Plunger

INJECTOR
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3.2.1

Control Portion
Solenoid

3.2.2
Armature

3.2.3

Hollow Poppet
Valve

The control section consists of a solenoid, armature,
return spring, hollow poppet valve, and body portion.
The solenoid mounted to the top of the body portion is
an “E” coil stator connected to its controlling ECM by
a wiring harness Thfz 1olenoid is nothing more than a
precision wound coil that magnetizes witen power 1s
applied by the ECM. As a note, the stator is not
polarity sensitive, it does not matter how the wires are
connected to the terminal screws.

Below the stator is a spring-loaded armature assembly.
The armature consists of a flat plate that is drawn
upwards towards the coil when it is energized. When
the coil is de-energized, the return spring moves the
armature downwards.

Connected to the armature is the hollow poppet valve.
This valve controls the flow of fuel through a passage
formed by the poppet, and by the seat area of the body
portion. Controlling the flow of fuel at this point is
what actually controls the injection pulse. This will be
discussed in detail in the next section - Operation. To
reduce the risk of poppet damage due to the high
pressures involved in injection, the poppet has been
plated with a thin layer of titanium. Note also that a
bench, or rest has been installed below the poppet

valve to limit the downwards motion of the poppet.
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3.2.4

High Pressure
Pump Portion

3.2.5
Injector Portion

3.2.6

Fuel Flow Through
The EUI

The high pressure pump portion is made up of the
plunger assembly and the injector body portion. The
plunger is operated by the camshaft through the
injector rocker mechanism, similar to a mechanical
selicrste the Wigf resoires requrred tor fijection:
Note that the diameter of the plunger is slightly
smaller than the diameter of the cylinder. The fill
passage for the pump chamber is located at the upper
left corner in the illustration. At no time is this passage
blocked by the plunger, which simply acts to displace
a volume of fuel in the chamber.

The actual injector forms the lower portion of the
assembly, and protrudes into the combustion
chamber. The injector js comprised of a check valve,
needle valve, needle valve spring, and spray tip. The
spray tip has orifices that atomize the fuel as it is
forced through the tip into the combustion chamber.

Fuel flows from the flexible jumper line to the EUI,
entering through its inlet filter located in the body of
the injector. Refer to figure 3.3 which shows the fuel
flow in the EUI in the de-energized state (no
injection).

26
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Figure 3.3 Flow of Fuel Through EUI (no injection).

An internal passage directs fuel to the control portion
of the injector, filling the armature chamber below the
“E7” coil stator. The flow of fuel through the armature
chamber cools the stator and armature, also providing
lubrication for components. From this chamber, fuel
is allowed to flow through a passage in the body of the
injector to the lower fuel chamber.

An additional flow of fuel to the lower chamber is
through a passage to the hollow center of the poppet
valve. Fuel flows through the valve into the lower fuel
chamber to provide cooling of the valve. As the fuel
enters the lower chamber, the flow splits, with most of
the fuel leaving the injector through the return passage
to the return fuel jumper line. From there it travels
through the return system to the fuel tank.
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3.2.7

Operation Of
The EUI

If the injector is de-energized, the poppet valve is open
allowing fuel to flow upwards around it. This fuel
travels into a drilled passageway to fill the high
pressure pump chamber below the plunger. As in the
S R AN o G TR A RS
and lubrication; only a small amount is actually used
for injection.

The EMDEC electronic unit injector is both
electrical and mechanical in operation. It performs the
functions of metering and timing electronically, while
the functions of pressurizing and atomizing are still
done mechanically.

he metering and timing functions are controlled b
the ECM’s, \gvhiccllv }‘?ijre’geac h individual EUIL at a Y

precise point in time for a specific duration.

This action is based on the software program
contained in the ECM’s and “inputs” into the ECM’s
such as:

¢ speed requests from the control system via
the interface module,

¢ timingand speed data from the timing
pick-ups,

* engine and ambient conditions from the
various EMDEC sensors.
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3.2.7.1 The easiest way to understand the operation of the

Start Of Injection  EUL s to follow it through a typical injection
sequence. Refer to figure 3.4 for the flow of fuel
through the injector during an injection sequence.

Top View of Injector

Fuel Lubricating
and Cooling
Injector Plunger

High Pressure Bleed

Pass Return

- Fuel Supply Flow

Poppet Valve Closed
Injection Cycle

710 Cylinder Head
Adapter Collar

Bleed Return Fuel

Figure 3.4 Flow of Fuel Through EUI (during injection).
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3.2.7.2

Piston Rises In
Cylinder

3.2.7.3
Fueling Decisions

3.27.4
Injection

As the piston rises in the cylinder, the fresh air charge
is compressed, raising the temperature to a level that
will ignite atomized fuel. At the same time, the
camshaft and rocker mechanism begin to drive the
injector plunger do,wnwind. Notci)that although the
plunger 1s moving mnto the chamber, no pressure 1s
generated. Because the fill passage is not blocked and
the poppet valve is open at this point, the fuel that is
displaced by the plunger simply travels back through

the poppet valve into the lower fuel chamber.

Based on the software in the ECM’s, and timing,
speed and performance inputs into the ECM, these
devices will make a fueling decision. They will decide
at what point to energize the injector solenoid, and
what duration the injector is to remain energized. At
the precise point in time the respective m]ecg{or 1s to
fire, the ECM generates a control signal to the
solenoid through the wiring harness.

When the solenoid is energized, the armature and
poppet valve move upwards until the poppet contacts
the seat in the body portion, closing the passage
around the poppet. Remember that the plunger is
moving downwards in the pump chamber, displacing
the fuel contained in the chamber. With the poppet
closed, this fuel is now trapped with no outlet. The
pressure of the fuel in the chamber instantly begins to
rise. Note that the shape of the poppet valve prevents
pressure in the pump chamber passage from pushing
the poppet open. Since the fuel pressure pushes
outwards in all directions, the force exerted on the
poppet balance is not affected by fuel pressure.
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The high pressure generated in the pump chamber is
also transmitted downwards to the spray tip through
the column of fuel and the check valve. As the
pressure increases, it pushes outwards in all directions
pered Ritfode oFthe MEE VAR Gten Uhe pressure
in the tip area has reached between 2000 psi and 2400
psi, the needle valve will be lifted off its seat against
the needle valve spring. This allows fuel to flow
through the needle valve and the orifice holes in the
spray tip, into the cylinder.

The continued downwards motion of the plunger
causes the pressure in the injector to rise to the final
working pressure of between 16,000 psi and 18,000
psi. Note that once injection has begun and the
injector has reached the final working pressure, the
flow rate of the tip cannot be changed. For a given
period of time, the injector will deliver a measured
quantity of fuel. As with any injection system, what has
to be varied is timing(start of injection) and duration
(pulse width). The injector will continue to inject fuel
into the cylinder as long as: a) the solenoid is
energized, and b) the injector plunger is moving
downwards.

With the mechanical system, timing was set initially
and could not be varied. The pulse width of all
injectors were controlled simultaneously by the
governor through the rack mechanism. One major
advantage of the EUI system is that both timing and
pulse width are now electronically-controlled by the
ECM’s for each individual injector. This allows the
system to better compensate for changing engine and
ambient conditions.
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3.2.7.5

Bleeder
Passages

3.2.7.6
End Of Injection

There are two additional passages shown in the
illustration These “bleed passages” prevent the escape
of high pressure fuel to the outside of the injector.

Ryting the PEhmiriis possiniuek e unye
collected in the bleed passage and fed into the EU’E

fuel return system to prevent further migration upwards.
Due to the extremely high pressures involved, some
leakage will take place between thecomponents above
the injector tip. A second bleed passage gathers fuel in
this area to prevent leakage between the body portion
and the lower housing. Again, this fuel is fed back to the
low pressure return system of the EUk.

When the ECM has determined that injection
should cease, it simply “turns off” the injector by
de-energizing the solenoid. This allows the armature
return spring to drop the armature and poppet valve
against the bench in the lower fuel chamber.

Top View of Injector
3 D)

Fuel Lubricating
and Cooling
Injector Plunger

High Pressure Bleed
Pass Return

- Fuel Supply Flow
- Fuel Return Flow

- Trapped Fuel for Injection

Poppet Valve Opens
To end Injection Cycle

Bleed Return Fuel

Figure 3.4 Flow of Fuel Through EUI (end of injection).
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As the poppet valve opens, the high pressure fuel in the
pump chamber is allowed to escape back through the
valve to the return fuel system. The pressure in the
chamber drops instantly to endinjection. When the

ressure comin m the pumpchamber to the injector
Fip C ropscbe%w%g&) psi, the ne%ﬁ?e valve return s[;rmg
pushes the needle valve back against its seat to close the
passage through the tip to the spray orifices.

Note that the check valve in the injector will not allow

the flow of fuel pressure back into the pump chamber

from the tip. This serves several purposes. First, by

retaining a certain amount of pressure in thetip (slightly

below the injectors cracking pressure) the response time
of the injector for the next sequence is improved.

Second, in the event of a leakage in the needle valve,

combustion gases will not be allowed to work their way
through the tjector into the fuel system.

The final action in the injector is the return of the
plunger to its initial position. As thecamshaft
mechanism rotates further, the plunger return spring
moves the plunger upwards to the top position. This
upwards movement draws fuel back into thechamber
from the poppet valve, refilling the chamber for the next
injection sequence.

3.2.7.7 The ECM’s monitor the electronic performance of
Injector each individual injector. As the control signal is sent

FeedbackToThe from the ECM to the injector solenoid, the circuit

ECM (response  characteristics are watched. As the poppet valve comes

time) up against the body seat, the coil is effectively stalled.
The voltage and current levels in the circuit will
change as this happens, providing the ECM with a
feedback.
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3.2.7.8

Injector
Response Time

3.3

H SERIES
ELECTRONIC
INJECTION
EQUIPMENT

This feedback is called injector response time. Typical
response times will be in the range of 1.30 to 1.50
milliseconds. Each injector will vary slightly, but all
should have approximately similar times. When
checking injector, response times using a lapto
computer, any mjector with a response time
significantly different from the rest may indicate a
faulty injector or defect in the wiring harness. The
problem must be diagnosed, and corrected before the
engine is returned to service.

Although the ECM’s can monitor the injectors
electronic performance, the mechanical portions are
still subject to failure requiring more in depth
diagnosis. These procedures will be covered in the
section on Troubleshooting settings and adjustments

are covered in a separate section.

The injection pump and nozzle (figure 3.6) function
in an identical manner to the electronic unit injector
found on the 710 series of engine, however they have
now been divided into two separate, larger
components. The
injection pump is
located on the upper
right corner of the
cylinder head, and is
driven directly off the
camshaft by a’short
pushrod and cam
follower. As the cam
rotates, the lobe forces
the follower and
pushrod upwards, in
turn pushing the
injection pump
plunger upwards.

Figure 3.6 Injection Pump
@ Nozzle.
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3.3.1 Internally, the pump (figure 3.7) is similar to the pump

Pump Operation  Portion of the 710 electronic injector. The plunger
travels in a chamber that is connected to the fuel supply
system by a fill passage. Operation of the fill passage is

sontelled by the Bnging Gontrol Matudsiupinga
de-energized state, upwards movement of the plunger
displaces fuel from the pump chamber, back through
the poppet valve to the supply system.

3.3.1.1 When the ECM determines that injection should

Start Of Injection  begin, the coil is energized to close the valve. Further

Sequence upward movement of the plunger results in
pressurization of the fuel in the chamber, which is

delivered to the nozzle through the delivery passage
and check valve.

3.3.1.2 On completion of Fuel Inlet To Injector

End Of Injection  injection, the Poppet
Sequence poppet is de-
energized to

release the fuel
pressure back to
the supply system.
The downward
return stroke of |
the plunger will  gojenoid

It dsehel - Plunger
through the open i

poppet and fill i

passage, to refill H

the pump 1
chamber.

Figure 3.7 Injection Pump.
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3.4

INJECTOR
OPERATION

3.5
BLEED OR LEAK
OFF LINE

The injector (figure 3.8) is mounted on the top of the
cylinder head on the vertical centerline of the cylinder.
The injector receives a supply of high pressure fuel
from the pump through the high pressure jumper line
g[urin he ine,ctio cycle. As the fyel pressure rises

ue to'the closing ot the poppet valve, the pressure
builds internally in the nozzle. When the pressure is
sufficient to lift the needle valve off its seat against the
spring, fuel is allowed to flow into the engine cylinder
through the spray tip. The fuel is atomized and mixes
with the air in the cylinder for combustion. At the end
of the injection phase as fuel pressure drops, the
needle reseats to block the flow of fuel into the
cylinder.

line et el gme™ P Pl

function as the internal

bleed passages in the older High
style unit injectors. Internal pressure
high pressure leakage from

between components in the

nozzle assembly is collected

and routed back to the \
return fuel system before it :
can cause fuel leaks into the

top deck area, oraffect W

pump

injector operation. When
the engine 1s shut down,

trapped high pressure fuel
in the jumper line will also
bleed off to return.

Mgoa

Figure 3.8 The Injector.
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4.1
INTRODUCTION

This section of the text will concentrate on the
electronic components that make up EMDEC, and

how the systems function to control injection. For the
purpose of instruction, a typical 16-cylinder 710
engine application is used. 265H engine applications
use a similar control method.

The text will use a building block approach, discussing
each component in detail as it pertains to operation.
The main electrical and electronic components of the

EMDEC system are:

ECM’s (Engine Control Modules): The actual

injection control computers.

Power Supply: 74 VDC to 24 VDC EMDEC

power source.

Interface Module: Communication interface
between EMDEC and the main control
system.

Sensors: Engine sensors for pressure,
temperature, and injection timing / speed
inputs.

Wire Harnesses: External, injector, sensor
and power.

Annunciator Panel: EMDEC Fault Panel for
diagnostic functions (if equipped).
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74 VDC RPM
EM2000 [———>| 24VDC
ABCD POWER | Request 1.
SUPPLY
TM ..........
Loco
INTERFACH
$:§ ~ TIMING & SPEED INFO 24VDC
Y v
F <€ >
»| ECM
P FEEDBACKS SENDER |
o l INJECTORS
P [ 9-16 yYy
F
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o
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P = 18
p [
A
I
c
C [
P

Figure 4.1 16-Cylinder EMDEC System.

Figure 4.1 shows an overview of a typical EMDEC
locomotive application for a 16-cylinder 710 series
engine (actual componentry may differ slightly between
applications). At the heart of the system are the
ECM’s, or Engine Control Modules that perform all
control functions. The ECM’s receive control signals

from the main control system through the interface
panel. This panel is part of the power supply that steps

down the 74 VDC input voltage to 24 VDC for use by
EMDEC. Attached to the ECM’s are the various
sensors used for performance and protective data, and
the injectors themselves. On certain applications, an
annunciator panel may be fitted for diagnostic
purposes.

We will now examine each component in more detail

and “build up” a functional EMDEC system
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4.2 As stated before, the main components of the system

ENGINE CONTROL are the engine mounted ECM's. These units are self-

MODULES (ECM'S) contained microprocessors that operate on 24 VDC.
Fach ECM has the ability to control up to 8 injectors.

Therefore, the number of ECM's applied depends on

the engine configuration for example:

¢ 8-cylinder engine has one ECM.

¢ ]2-cylinder engine has 2 ECM's (right bank 1
thru 6, left bank 7 thru 12).

¢ ]6-cylinder engine has 2 ECM's (right bank 1
thru 8, left bank 9 thru 16).

¢ 20-cylinder engine has 3 ECM's (right bank 3
thru 10, left bank 13 thru 20, center (1,2,11,

and 12).
74 VDC RPM
EM2000 »| 24VDC
ABCD POWER | Request 4.
SUPPLY
IM ..........
Loco
|NTEHFACE
TIMING & SPEED INFO 24 VDC
LAE 2
> ECM
FEEDBACKS SENDER <
[6) | INJECTORS
1,2,11 & 12 Yy
Y
A
RECEIVE
l INJECTORS #1
13-20 A
%
¥
ECM
RECEIVE
< l INJECTORS #2

3-10

Figure 4.2 20 Cylinder EMDEC Locomotive Type System.
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4.2.1
Arrangement

Physically all ECM’s are identical, but the software is
different for each unit. Every application has one
ECM designated as a sender (or controlling) ECM.
The software provides the units identity as well as the

application specific operating parameters (spe
sﬁEecfufes 0 examp?g). %egsgnd%r 18 reslgo%s%]le for
primary data processing, and overall control of engine

functions. The remaining ECM’s carry the designation
of receiver(s).

Receiver ECM’s are controlled by the sender ECM,
which provides basic information such as injection
pulse width (fuel amount), and base injection timing.
Remember, the number of receiver ECM’s depends
on the number of engine cylinders. The software
allows for some independent operation of the unit, and
iFlo e receivbris): dependent o the sender: This
will allow the system to overcome intermittent
communication problems between the sender and
receiver(s).

The location of the ECM’s on the engine will vary
depending on application.

Early 16-cylinder 710 models have the ECM’s
mounted on the sides of the engine near the front end,
symmetrically opposite each other.

The sender ECM will be located at cylinder number
nine (left front), and the receiver ECK/[ at cylinder

number one (right front).
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Later 16-cylinder and all 12 and 20 cylinder 710
models have the EECM’s located on the front camshaft
housing cover.

he sender will be on th lgft side of the engine and
the recerver on the right ((31 -Cy mder

Current 16-cylinder 710 G3C-2T models have the
E.CMs located on the electrical locker near the door.
The sender will be on the top side and the reciever
will be on the bottom.

All 256H engines have the ECM’s mounted on the
front of the engine. Note that on some applications,
the ECM’s may be mounted in a remote location
adjacent to the engine.

Cold Plates (if applied) are attached to the front face
of each ECM.

The ECM’s are connected to each other, to the
interface module, to all sensors, and to all injectors by
means of external and internal wiring harnesses.
System diagrams showing the various plug
connections, and component and sensor locations on
a typical application may be found in Appendix A.

Ensure the proper schematic is available for reference

bglapnrarformbrg ol ignpetivasks opethie, they
must receive a constant 24 VDC from the power
supply, and a speed input from the control system via
the interface module. The operation of this power
supply and interface module will be discussed next.
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4.3
POWER SUPPLY

In previous models, the Power Supply(figure 4.3) on
the following page is located in the AC Cabinet
towards the rear of the locomotive. Later models have
the power supply located in the electrical locker near

i R the DL SRem Vofgcto
24 VDC. EMDEC was srcinally designed for heavy
truck type applications, therefore operates on a system
voltage of 24 VDC. The output of the power supply is
fed directly to the interface module, and through a
power harness, to the engine mounted ECM’s.

In applications other than locomotive, control system
voltage will be filtered and regulated to provide a
stable 24 VDC supply. While the appearance of the
power supply will be different, the function remains

the same.

The Power supply is fed through the engine control
circuit breaker located on the fuse and circuit breaker
panel. Note that both the positive and negative sides of
the circuit are protected. The power supply is
equipped with two LEDs (light emitting diodes) on its
face to indicate status.

The green LED (normally on) indicates that the
power supply is producing 24 VDC. The red LED
(normally off) illuminates during an over-current
situation. This LED could indicate a problem in the

’s, wiring harness, or in the power supply itself.
In this situation it will be necessary to isolate the
components of the system in sequence, to determine
where the fault is located.
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Figure 4.3 Power Supply & Interface Module.
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4.4

INTERFACE
MODULE

In previous models, the Interface Module is located in
the AC cabinet of the locomotive, and is typically
mounted on the side of the power supply. Later
models have the interface module located in the

ClethICEll lock r. The fL111ct1;011 of the mod le is to
translate signa s bemg sent from the contr system to

EMDEC, and data traveling from EMDEC back to
the control system.

Fngine speed information is communicated from the
control system to the ECM’s through an interface

board.

Depending on the application, the connection from
the interface module to the control system may be a
one-way or two-way serial data link.

The main difference between the two types of links is
in the amount of data that can be transmitted. The
one-way link allows for simple speed instructions from
the EM2000 to EMDEC, and simple fault messages
and performance feedbacks from EMDEC to the
EM2000. The two-way serial link allows for enhanced
data transmission both ways.
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4.5 With the one-way serial link, the ECM’s are
SPEED CONTROL  programmed to accept 4 input signals, which are then
4.5.1 translated into set speeds. Throttle information is sent
= from the control system to the interface module as 0 or
74 VIC lenoid si he interf:

R Sdar . moduetfmsiaes hese 8o B S is

o inverse logic 0 or 24 VDC signals for the ECM's.
Application) . .
Consider the following examples:

Example #1 - Throttle in Normal Idle (300 RPM)

Control SystemSignals Interface Signals
ECM Set Speed

AValveQ/DC AValve4/DC
BvalveQ/DC Bvalve24/DC
CvalveQ/DC OValve24/DC
DvalveQ/DC DValve24/DC

Example #2 - Throttle in Run 6 (730 RPM)

Control SystemSignals Interface Signals
ECM Set Speed

AValve74/DC AValveQVDC
Bvalve74/DC BvalveOvDC
Valve74/DC CvalveOvDC
Dvalve74/DC DvalveQVDC

Example #3 - Throttle in Run § (900 RPM)

Control SystemSignals Interface Signals
ECM Set Speed

AValve74/DC AValveQVDC
Bvalve74/DC BValveOVDC
Valve74/DC CValvevDC
DvalveQ/DC DValve24/DC
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4.5.2

Speed Control -
Two-Way Serial
Link (Locomotive

Application)

4.5.3

Speed Control -
(Marine
Application)

454

Speed Control -
(Power
Generation)

The two-way serial link functions much differently for
engine speed control. Instead of speed signals sent to
EMDEC as governor solenoid signals (signals are still
generated for trainline control), EM2000 creates exact

RPM 1000 RP ] rel
these to the Sésé{{)/l[’se éggg}fe seriaﬁin )ﬂll}g method is
very fast and decreases the chance of problems in the

speed signals. Note that the two-way serial link passes
all communication through the interface panel.

Fault data and load control information are sent back
to the control system from EMDEC through the
interface module. These types of data will be looked at
in greater detail in later chapters.

e FRPS AP e Yooy sl Nt
that the signal is supplied to the ECM’s as Vref
(ECMH#ID). As the srcinal voltage is increased, the
ECM’s will translate the reference signal to an RPM

request.

Power generation applications typically use two
separate engine speeds only; IDLE (standby) and
Run2. Speed reference is supplied by the control
system to the ECM’s as a calibrated reference voltage
for each speed. Note that most systems allow for fine
adjustment of these speeds by fine adjustment of the
reference voltage.
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Figure 4.4 Power Supply & Interface Module.

EMDEC Operating & Troubleshooting Guide 49



v

74 VDC RPM
EM2000 »| 24vDC
ABCD POWER
T SUPPLY
FAULTDATA|
Loco
INTERFAC
SRS I~ TIMING & SPEED INFO
TRS
b k4
o
F = v
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4.6 At this point, the system has been supplied with 24

SENSORS VDC for operation, and has received speed inputs
from the control system. Before EMDEC can operate
the injectors, additional information is required such

Ah B E sk aRseodp s &I eHRS HHBRAES §4Bmes
into the ECM’s in the form of sensor inputs. The
sensors can be broken down into three major groups:

1. System Sensors for timing and speed
information:

e Synchronous Reference Sensor (SRS)
¢ Timing Reference Sensor (TRS)
2. Performance Sensors for calculating fuel injector
operation: a
e [uel Pressure Sensor (FPS)
¢ Fuel Temperature Sensor (FTS)

e Turbo Boost or Air Pressure Sensor (TBS)
e Air Temperature Sensor (ATS)

3. Protective Sensors for monitoring of
support systems:

¢ Oil Temperature Sensor (OTS)

e Qil Pressure Sensor (OPS)

¢ Coolant Pressure Sensor (CPS)

e Crankcase Pressure Detector (CCP) (or)
e Crankcase Pressure Sensor (CCP)

For each group of sensors, we will examine the sensors
themselves, their operation, and overall effect on the
system in the event of failure.

Note that later EMDEC applications will have their
performance and protection sensors all mounted in
the same location, at the left front of the engine, in a
metal protective box. See Figure 4.5. The function of
these sensors are identical to the earlier versions that
are located in various places on the engine.
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4.6.1
System Sensors

The system sensors (figure 4.6a and 4.6b) provide two
functions for EMDEC operation. Timing information
is used by the ECM's to determine when to energize
the injector solenoids. Speed information is used to

RS S R WO R Ry
variation. Unlike other sensors on the engine, the system
sensors (SRS & TRS) are magnetic pickups. Operation of
the system sensors is identical between the 710 and H
series engines, however the mounting arrangement is
very different.

Figure 4.6a 710 Series System Sensors, Previous Models
(Left) Recent Models (Right).

Figure 4.6b H Series System Sensors.
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4.6.1.1 The early 710 series of engines have three timing
System Sensor plates (figure 4.7a) attached to the inside face of the
Mounting coupling disk between the engine and ring gear. The
Arrangements - plates have openings cut into them leaving 36 “spokes”

Early 710 Series t dt te signals by the TRS
Y B TR T ater Pamiion) PIp
attached, that is used by the SRS sensor to generate
signals.

SRS and TRS share a common mounting bracket

located on the left rear corner of the engine. This

bracket serves two functions; first to hold SRS and TRS

in precise alignment with the PIP and spokes on the

timing plates; and second, the spring and stop

mechanism allows the bracket to swing back and then

return to the srcinal position should the coupling disk a

flex. This serves to pr teﬁt the s,ens0{s from damage
cansed bv contact with the timing nlates.

ENGINE —£ OF NO.1 AND
TRS TARGET ¢ ~ NO.9 CRANKPIN

__,-q-é 0 TDC MARK
- ON COUPLING
! DISC.

L —TRS TARGET

180° MARK ON
COUPLING DISC
APPROX.

Rs

SENSOR

ASSEMBLY T
CAMSHAFT DRIVE END £537E1:

Figure 4.7a “710 Series Timing Plates” (Early Models).
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4.6.1.2

Setting SRS
and TRS Sensors

4.6.1.3

System Sensor
ounting

Arrangements -
H Series

An improved feature on the 16-710G3C-12 engine is
the mounting and accessability of the SRS and TRS

SENSOIS.

Figure 4.7b SRS and TRS Sensors.

The H series of engines does not use coupling disk

g e ingpigtassika dherdd dnreatb s
rear of the camshaft (figure 4.7¢). The timing disks
have a circle of 36 raised bumps stamped into them,
that are used to generate signals by the TRS sensor.
Fach disk also has a stamped PIP that is used by the
SRS sensor to generate signals. Note that although
there is a disk on each end of the camshaft, only the
rear plate is used at this time.

Figure 4.7c¢ ~ “H Series Timing Disks”.
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4.6.1.4

Synchronous
Reference
Sensor

4.6.1.5
Timing
Reference
Sensor

SRS and TRS are rigidly mounted in the cover
housing the rear camshatft gear. They are arranged to
read the stamped protrusions on the timing disk and
relay this information to the ECM's. Reading camshaft
ggsggé%half an_}alsdmed) allows for the use of the

s as the SETICS.

The Synchronous Reference Sensor or SRS provides a
signal to the ECM’s when the Position Indicator
Pointer (PIP) passes in front of it. The action of the PIP
passing in front of the pick-up causes a small current to
be induced in the sensor, which then passes through
the wiring harness to the ECM’s. This signal is
provided once, for every revolution of the crankshaft,
and indicates when the number one cylinder is four
degrees before top dead center.

This signal synchronizes the ECM’s with respect to
engine speed and crankshaft position, this tells the
ECM’s when to start the timing count.

The Timing Reference Sensor or TRS reads the metal
spokes of the timing plates. As the engine rotates, the
metal spokes pass in front of the TRS. As each spoke
moves past the pickup, a signal is generated and sent to

Pk GV IRs g therecarth dptirokenikstatflhgach

moved 10 degrees.
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4.6.2
Performance

Sensors

Note that unlike other systems, there are no specific
timing indicators for each cylinder. Instead, the firing
order of the engine is contained in the ECM’s
software. With this type of a system, the same pick-ups,
’glr]ni,n% Elat s, and wiring harness may be used with any
gine configuration.
The calculation of engine speed is quite simple. The
ECM’s simply look at the elapsed time between TRS
pulses to calculate engine speed. This is then
compared to the set speed. If actual speed is lower than
set speed, EMDEC will lengthen the injector pulse
width to add fuel to the engine. If actual speed is
higher than set speed, EMDEC will shorten the pulses
to reduce the amount of fuel injected.

_ NOTE:
The sensors used as examples in this section are for a
generic 16 cylinder 710 series engine. The feedbacks
portrayed are to be used as examples only as there are
several different models of sensors used in service
depending on specific application. Note also that the
number of sensors used will vary.

The performance sensors (figure 4.8) provide
information that is used for adjustment of fuel rates. By
examining the air and fuel parameters, EMDEC can
“fine tune” injector operation (timing and pulse width)

Sdnamiza ek rsoname endsninimizs st
the sender ECM only. Inside the ECM isa 5 VDC
regulated power supply. Each sensor is fed this 5 VDC
and, depending on conditions at the sensor, will return
a certain feedback to the sender ECM. The text will
now look at each of these sensors.
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Figure 4.8 Performance Sensors.
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4.6.2.1

Turbo Boost
Sensor (TBS)

The Turbo Boost or Air Box Pressure Sensor(figure
4.9) provides data to the sender ECM for use primarily
in emission control. It is also known as the smoke
sensor. The sensor is connected to the ECM with a

three wire plug, and to tl Jeengine with a se 1sm hose
off the | left? comer of the %ngme Hﬁﬁe device
mounted just below the crankcase pressure sensor,

(early 710 systems), in the sensor box (late 710
systems), or on the front of the aftercooler ducts (H

Engines).
OO0 O

o =]

@O

TO0C

Figure 4.9 'Turbo Boost Sensor.

Note that there are early and later versions of this
ssnserowhichy, while quits different in appearance,

The boost sensor is a capacitive pressure transducer. In
simple terms, it is inserted into a circuit with a +5
VDC connection and a -5> VDC connection.
Depending on the pressure the device is exposed to, it
will generate a feedback signal on the third
connection that will range from 0 to 5 VDC. The
ECM looks at the signal from the device and translates
it into a pressure reading.
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Figure 4.10 shows a typical feedback graph. Note that
the device measures absolute pressure and at 0 psi, the
feedback voltage is approximately 0.5 VDC. Note also
that at 45 psi, the feedback is approximately 4.5 VDC.
The ECM looks at this feedback signal for three

conditions.

Boost Pressure Sensor
P/N 16070629

Normal
= = = Error Limits ;

Check calibration at '
25CandVin=5.1VDC

Sensor O utput (Volts)

10 15 20 25 30 35 40 45
Airbox Pressure (psi)

Figure 4.10 'Turbo Boost Sensor Feedback.

1. If the feedback is between 0.5 and 4.5 VDC, the
ECM considers the signal to be valid, and will
use the feedback for its fuel calculations.

2. Ifthe feedback is less than 0.5 VDC, the ECM
considers the input voltage low.

3. Ifthe feedback is above 4.5 VDC, the ECM
considers the input voltage as too high.
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4.6.2.2
Air Temperature
Sensor

In either case, the following happens:

e the feedback is ignored for calculations,
e anominal "standard" pressure is used,

e a'"fault" is generated in the archives specific to
the feedback failure (voltage low or high).

Remember that the fault archive can be accessed by
use of a laptop computer (with WinEMMON or PC
Reader software), or the FIRE display (two-way serial
link).

The Air Temperature Sensor or ATS(figure 4.11)
measures the temperature of the air charge in the

eogis At Abinfsesibaskdsasesestreonioedy the
ECM’s. The sensor is applied to the left front corner of
the engine next to the turbo boost sensor, with the
probe inside the airbox. On some applications, a
second sensor, inlet air temperature (IATS) has been
applied to the inlet eye of the turbocharger. This
second sensor is identical to the Air Temperature
Sensor.

Figure 4.11 Air Temperature Sensor.
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This sensor is a thermistor type device. As the
temperature changes at the sensor probe, the internal
resistance of the device changes. The voltage and
current characteristics of the circuit are looked at by

the FXCM, and are converted into a temperature
reading.

Temperature Sensor Resistance
P/N 40063567
100,000 RrTTTTTIITTTIITTI T I I T Ty

Calibration points:
77 F = > 2590.7-2964.7 ohms
262.4 F = > 77.7-84.9 ohms

10,000

....................................................

1’000 :::::;:::::::;::::::::.':: ':::::::::::.‘I:::::::;:::::::

Sensor Ot put (ohms)

100

10

0 50 100 150 200 250 300
Temperature (F)

Figure 4.12 Air Temperature Sensor Feedback.

As with other sensors, the ECM expects to see a
certain feedback from the device. A voltage between
approximately 0.5 to 4.5 VDC is considered a valid
signal, and the information will be used in calculations.
Should the voltage go below 0.5 VDC or above 4.5
VDC, the ECM considers the data invalid and logs a
fault. Again, there is a specific fault for each mode of
failure (voltage high or voltage low).
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4.6.2.3

Fuel
Temperature
Sensor

The Fuel Temperature Sensor or F'TS(figure 4.13)
measures fuel supply temperatures necessary for fuel
consumption calculations, and fuel input
compensation by the ECM’s. This is one of the

eCh e e T K FeRp e sehseris an
identical device to the air temperature sensor(s). It is
located on the secondary fuel filter manifold and
examines the temperature of the fuel as it enters the
engine. As fuel temperature increases, performance
decreases. EMDEC will compensate for high fuel
temperatures by adjusting pulse width and timing as
required.

Figure 4.13 Fuel Temperature Sensor.
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4.6.2.4 The Fuel Pressure Sensor or FPS (figure 4.14)

Fuel monitors fuel supply pressure for two reasons. First, the
Pressure fuel pressure reading is an input to the sender ECM
Sensor where it forms part of the fuel rate calculations.

Second, should fuel bel
e A e RS Bt to warn of
any impending power loss.

Figure 4.14 Fuel Pressure Sensor.

The device is a capacitive pressure transducer.
Operation is quite similar to that of the boost pressure
sensor, however the two are very different in
appearance. The sensor is connected to the ECM with
a three wire plug, similar to the boost pressure sensor,
and mounted on the secondary fuel filter manifold.
The fuel pressure at the filter inlet is monitored at this
point.

On some applications, a second sensor is used to
monitor fuel pressure in the return fuel manifold.
Should the pressure drop across the filters, and engine
rise beyond an acceptable level, the system will
register a fault. This could be caused by plugged filters
or leakage in the system.
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Pressure Sensor Signal
P/N 40059731 or 40087573

Normal
= = = Error Limits

I Check calibration - - - -
between 77 and 221 F
at5.0 .1VvDC ,

Sensor Output (Volts)

100 120
Pressure (psia)

80 140

Figure 4.15 Fuel Pressure Sensor.

Figure 4.15 shows a graph of the sensor output. Note
that the cut off points for feedback voltage are
approximately 0.5 VDC and 4.5 VDC. If the feedback
is maintained within this range, the ECM will
consider the signal valid and use the feedback for
calculations. A signal outside of these parameters is
considered invalid and a fault condition. Again, if a
fault is logged, it will be specific as to the voltage level
(voltage too low or voltage too high), to aid in
diagnostics.

NOTE:
While similar to the coolant pressure sensors in
appearance, the fuel pressure sensors are calibrated
differently. Always refer to the parts catalogue for proper
sensor application.
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4.6.3 — NOTE:

PROTECTIVE The sensors used as examples in this section are for a
SENSORS generic 16 cylinder 710 series engine. The feedbacks
portrayed are to be used as examples only as there are
several different models of sensors used in service
depending on specific application. Note also that the
number of sensors used will also vary.

The protective sensors (figure 4.16) provide
information that is used by the sender ECM to
monitor the performance of the engine support
systems. In the event of a system failure (lube oil,
cooling, or crankcase ventilation), EMDEC can shut
down the engine to prevent costly component damage.
The protective functions of EMDEC have been
programmed to react in exactly the same manner as a
Woodward governor. All shutdown pressures,
temperatures, and timing remain the same as on the
mechanical system.
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Figure 4.16 Protective Sensors.
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4.6.3.1 The Oil Pressure Sensor or OPS (figure 4.17) provides

Oil Pressure a feedback of engine lube oil pressure to the ECM. A

Sensor shutdown will occur if the engine lube oil pressure at
the turbocharger drops below a predetermined
RO pressine serop o erldenfieal ti 1 hee Rt
pressure sensors, and is mounted in the top of the
turbo lube filter head or on the left front corner of the
engine in some applications. The shutdown times and
pressures are identical to previous systems.

Figure 4.17 Oil Pressure Sensor.

Note that with this sensor there are three types of fault
conditions possible. Input voltage high or input

wltesgdawirsillagshaasnsinina serasts futlh
(between 0.5 and 4.5 VDC), but below the operating
parameters, a shutdown fault is logged and fuel
injection is cut off, stopping the engine. For example,
if the engine is operating at a normal idle speed, if oil
pressure drops below 12 psi for more than 10 seconds,
the engine will shut down.
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4.6.3.2

Oil Temperature
Sensor

Physically, the Oil Temperature Sensor or OT(figure
4.18) is identical to the fuel and air temperature

sensors. The input to the sender ECM allows it to
monitor the temperature of the oil entering the lube oil

sysfems in the eng ine. An engi ut dow occur
P[tﬁe o1 tempera ure excee&% ?566Sl|]*“ 313 6)“%11
sensor is located in the same position as the hot oil
detector on the mechanical injection system.

Figure 4.18 Oil Temperature Sensor.

This sensor also has three possible types of fault
conditions. Input voltage high or input voltage low will
each generate a separate fault condition. If the signal
from the sensor is valid (between 0.5 and 4.5 VDC), but
above the operating parameters, a shutdown fault is
logged and fuel injection is cut off, stopping the
engine. This will prevent damage to engine
components caused by excessive oil temperatures.
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4.6.3.3 The Coolant Pressure Sensors or CPS |, monitor

Coolant coolant pressure at the water pump discharges, and at
Pressure the “Y” pipe (engine discharge). The sender ECM may
Sensors be connected to one, two, or three CPS depending on

system requirements and engine CO;H'i uration. A
typical system will use two sensors. 1 he coolant

pressure sensors (figure 4.19) are identical units to the
oil and fuel pressure sensors. If coolant pressure drops
below a programmed set point, an engine shut down
will be initiated.

Figure 4.19 Coolant Pressure Sensor.

When two sensors are used for a specific application,
generally one sensor is considered a backup. Typically,
if two sensors are used, the primary sensor is located on
the right bank water pump, the secondary sensor 1s
located in the “Y” pipe. A failure of a sensor will not
initiate a protective shut down in this case.

NOTE:
While similar to the fuel pressure sensors in appearance.
The coolant pressure sensors are calibrated differently.
Always refer to the parts catalogue for proper sensor
application.
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4.6.3.4

Crankcase
Pressure
Detector (CCP)

The Crankcase Pressure Detector (figure 4.20)
activates if crankcase pressure increases to a positive
pressure of 1 1/2" of water.
Unlike other sensors, the

gCP is,ﬁ{ne hanical
evice. e detector
consists of a sensing
diaphragm, trip button,
and electrical switch. It is
located in the same
location as the EPD on
mechanical injection
systems.

Figure 4.20 Crankcase

Prgssurs:.

WARNING:

DO NOT attempt to restart the engine until the cause of
the shutdown has been determined and corrected.

Following a crankcase pressure shutdown do not open
any engine covers for a minimum of two hours. Any
rise in crankcase pressure pushes on the rear face of
the sensing diaphragm. When the pressure reaches the
trip pressure of the detector, the button is pushed
outwards to indicate the over pressure condition.
Internally, is a switch connected to the button
mechanism that is thrown by the movement of the
button. This completes a circuit to the ECM so that it
will recognize the fault condition and shut the engine
down.
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4.6.3.5

Crankcase
Pressure
Sensor

The mechanical portion of the device must be
qualified on maintenance inspections to ensure proper
operation. Consult section 13 of the EMM for test
procedures.

The crankcase pressure sensor has been developed to
replace the crankcase pressure detector. It is located in
the sensor box on the left front corner of the engine
(figure 4.20). Unlike other pressure sensors this device
can read both positive and negative pressures. Engine
protection parameters and responses remain the same

as the CCP.

This completes the section on electronic components

qEthe EMREG st e dstlowing chtstswill g

diagnostic tools.
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5.1 The term load control refers to  the matching of

INTRODUCTION electrical load on the main generator to engine
performance. In one way, this may be considered as
another protective system for the diesel engine. If there
is a problem with the engine that will reduce available
horsepower, such as plugged air or fuel filters, it is
necessary to reduce the load on the engine to prevent
damage to components or over-fueling. Over-fueling
leads to unacceptable levels of exhaust emissions and
possible engine damage.

Control of the actual loadon the generator, commonly
referred to as excitation level, is the responsibility of
the locomotive control system. The injection system

must provide the control system with a feedback that 5
will indicate the engine’s ability to maintain speed at

the given load level.

This section of the text will look at this feedback, how

it is generated, and how it is used by the control system
to modify the load.

Load control with EMDEC  protects the diesel

engine against overloading and overfueling.
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The operator establishes a desired power level using
the control system (figure 5.1). The control system

determines excitation levels and engine speeds. The
control system speed relays commands to EMDEC,

EMDEC, through the interface module.

Once the ECM’s receive the signal from the interface
module, this is converted to a set speed. As we saw in
the previous chapter, the ECM’s will control the fuel
injectors based on sensor inputs, to maintain actual
engine speed at the set speed level.

SET o
SPEED v
CONTRQI CONSQIE _EM2000 INTEBFACE MODUIE
THROTTLE
HANDLE + EMDECHAS
THD1 THRU 8 COMMUNICATIONS ITS OWN
PORT ISOLATED
GROUND
24V SYSTEM
LOAD OUTPUT
DIGITAL SIGNAL A SET
(ONE WAY SPEED
SERIAL LINK)
EMDEC
SENDING MASTER
ECM (SENDER)
Iy
FUEL PULSE WIDTH TO EUI INJECTORS |~ SERIALLINK
¥

8 7 6 5 4 3 2 1
EMDEC
RECEIVING ECM
(RECEIVED)

Figure 5.1 Control System With EMDEC.
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5.2 Fuel maps are programmed into the ECM’s “software”

FUEL MAPS (figure 5.2), that indicate allowable pulse widths for
each throttle position. Remember that the injector
pulse widths refer to the duration o f the injection
Fohger The pUise WIdFETE Mo Rael et into
the engine’s cylinders.

As we see in the below, there is a different map for
each throttle position. These are examples only;
actual maps vary according to application. For
example, in throttle 5, an allowable pulse width for
injection would be anything from 0° to 15°. In throttle
8, any pulse width between 0° and 23° may be used by
the ECM’s. The fuel maps indicate the total available
fuel for each throttle position.

Throttle -
osition 5

IDLE OR 1 } ]

| |
g I 1

| |
9 I 1

PULSE WIDTH
(Degrees of Crankshaft Rotation)

Figure 5.2 Typical "Fuel Maps" (for illustration only).
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5.3

CONTROLLING
ENGINE SPEED

EMDEC works just like a Woodward governor to
control engine speed. If speed drops, it adds fuel
(opens the injector pulse widths). If speed rises, it cuts
fuel (closes the injector pulse widths). A feedback to
the control system is still required to prevent overfueling.
EMDEC w1ﬁ generate a reference signal proportional

to the amount of fuel being consumed (figure 5.3).

Throttle

Position 4o, 50% 87%  100%
5 | | | l
1 1 1 1
0° 7.5° 11° 15°
PULSE WIDTH
(Pulse Width Degrees...)

50% 87% 100%
8 | | l |

0 1.5 21.5 23
PULSE WIDTH

(Degrees of Crankshaft Rotation)

Figure 5.3 Engine Ratio Signal.

In the above illustration, we see examples of the fuel
maps for throttle 5 and throttle 8. As EMDEC operates
the injectors, it generates the Engine Ratio signal. This
is the actual pulse width divided by the maximum
pulse width expressed as a percentage. Simply put, the
Fngine Ratio is the percent of the total available fuel
for a given throttle position that is actually being used.

Consider the following examples:

Throttle Position  Pulse Width Engine Ratio
5 0° 0%

7.5° 50%

15° 100%

0° 0%

11.5° 50%

23° 100%

@ 0 0 01 O
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Normally, if everything is operating properly under

load conditions, the engine will require approximately
78% to 80% of the total available fuel. Actual
consumption will vary according to engine and ambient
conditions. For example, in Load Test 1, the engine
typically will use a pulse width of about 18.5 °in
throttle 8. This would equate to an engine ratio signal

of approximately 80%; it is consuming 80% of the total
available fuel in throttle 8. Should there be any problems
with the engine, for example plugged air filters,
performance will drop, and EMDEC will have to add
more fuel to the engine to maintain speed against the
load on the generator. As the pulse width is opened

by the ECM’s, the Engine Ratio signal increases
proportionally.

The Engine Ratio signal is sent to the EM2000 via the

interface module, and the serial data link. By looking
at this signal, the EM2000 can assess the engine’s
ability to make horsepower. As long as the Engine
Ratio is less than 87%, the EM2000 will assume that
the engine can make full power, and will regulate
generator excitation to produce the proper kilowatt
output for the throttle position.

However, should the Engine Ratio rise to 87% for any
reason, the EM2000 will assume that the engine is
having difficulty maintaining horsepower. It will
reduce excitation to prevent fueling from exceeding
the 87% level. As the load on the engine drops, engine
speed increases, EMDEC reduces the pulse width,
and the Engine Ratio signal drops. The EM2000 then
increases generator excitation. Thus the generator load
is balanced with the engine’s ability to produce horse-
power, much the same as the Woodward governor
system. Note however that all load control is done
entirely within the control computer, EMDEC simply
sends a reference signal to the control system.
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5.4

% ALLOWABLE
TORQUE SIGNAL

The electronic system is much faster and more accurate
than the mechanical system.

Should the EM2000 reduce excitation due to a high
engine ratio signal, this will be apparent on the display
panel as a reduction in the signal LRZMAX. If
everything is operating pr operly, the Engine Ratio
signal (seen on the display as ENGINE_R) should be
less than 8§7%, and the signal LR%ZMAX will be equal
to 100%. Note that in actual practice, because the two
systems try to balance load demand against fuel
consumption, typically the Engine_R signal will
fluctuate between approximately 84 and 89%.

A signal that is useful for diagnostic purposes is the %
Allowed Torque signal. This may be viewed on the
Engine ParametergSection of the main PC Reader
screen. The signal normally shows 100% but may be
reduced by the sender ECM, should certain support
system parameters move outside of acceptable levels.
These parameters include air pressure (boost), air
temperature, fuel pressure, or turbine speed (H series
only).

When the parameters move outside of acceptable levels,
such as low boost pressure, EMDEC calculates that
the engine is not capable of generating rated horse-
power at desirable fuel levels. The % allowable torque
signal is reduced, and the fuel maps scaled downwards.
As the % allowable torque signal is reduced, the engine
ratio signal increases to signal EM2000 to reduce
generator excitation. In this case, generator output is
in fact limited by EMDEC.

In a situation where the engine is not producing rated
horsepower at a stable engine speed, this signal can be
a good indication of engine condition.
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6.1 This section of the text covers the use of diagnostic
INTRODUCTION tools to access the EMDEC ECM’s. These tools are

required for troubleshooting, loading software, and |
injector calibration. Covered, are procedures for using

the WinEMMON or PC Reader program with a
laptop computer and the FIRE display for applications
equipped with a two-way serial link.

Note that EMDEC is an evolving system that is
constantly being upgraded to improve service
reliability and performance. Every effort has been has
been made to ensure that the information contained
in this section is current, however, always consult the
proper system schematics and EMM for specific

service data.
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6.2

WINEMMON &
PC READER
(DIAGNOSTICS

%BH A LAPTOP

The WinEMMON kit (figure 6.1) is the recommended
EMDEC interface tool. Some locations will havethe

older PC Reader system as adiagnostic tool, so this will
be covered as well. The primary difference between the

Drinstere diagesicaabnirdpe RandiMMNis 4

the older DOS (Digital Operating System) technology

The following instructiors are provided to assist the
troubleshooter in using this tool. ThePC reader enables
you to:

monitor all sensor inputs to the ECM’s;

view ECM outputs to the injectors (pulse
width and timing);

® view injector response times;

calibrate the injectors;

load ECM software;

e view and download fault data.

The software generates adiagnostic screen and interface
protocol on the laptop. To use the program, it must be
loaded into the laptop, the laptop connected to the
EMDEC system through the cable andtranslator
assembly, and the program initiated. The following
instructions will list the steps needed to prepare the
system for use.

9 Pinto
9 Pin Cable

/

AN
PCT-R Cable 15 DR Plug

[ W1

Diskette Translator
Box

Figure 6.1 PC Reader Diagnostic Kit.
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6.2.1

Using the
WIinEMMON or
the PC Reader Kit

WinEMMON and PC Reader are software programs
that are run on a personal computer interfaced with
the EMDEC system. It is reccommended that
WinEMMON be used in a laptop PC running a

Windows8 93 a e RIS KBS St 5
also need the WinEMMON Diagnostic Kit
(#40094241), which consists of the following:
e WinEMMON Translator Box #40094242
e WinEMMON Software Disk #40094243
e 15 D-R Plut #40055365
e PCT-R Cable #40055364

e O Pin Male to 9 Pin Female Cable

#40055366
¢ PC Carry Case #40055367

The minimum requirement for using PC Reader is a
386SX/DX-type laptop with one megabyte of RAM.
In addition, the PC Reader kit (#40055368),

consisting of the following items, is required:
e EMDEC Translator Box #40055363

e EMDEC Reader Software Disk
#40055362

e [5D-R Plug #40055365
e PCT-R Cable #40055364

e O Pin Male to 9 Pin Female Cable
#40055366

e PC Carry Case #40055367
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6.2.2

Loading
WIinEMMON
Software On To A

Laptop Computer

Insert disk #1 of the WinEMMON
software (#40094243) into the floppy disk

drive of your laptop computer (usually
the A: drive).

Click on the Start button in the lower left
corner of your computer screen.

When “Run” appears above the “Start”
button, click on “Run”.

When the command box opens, type in
“A: setup”, without the quotations marks,
then put the mouse on “OK” and click it.

The computer will then copy the
m]]tlahz tion files reﬂmred from dis]

When that 1s done, the computer will tell
you to insert disc #2.

Remove disk #1 from the floppy drive
and insert disk #2, then click on the “ok”
button.

This will allow the setup program to
proceed. Close any other programs you
are running as required, and then click
on the “OK” button.
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8. Nextyou will be asked where you would
like the WinEMMON directory to be
placed on your computer. The default
locations is “Program Files” on the “C:”
drive. If you wislll to p tgour WinEMMON
program’somewhere elsé on your computer
than the default choice (not recommended),
click on the “Change Directory” button and
follow the instructions that appear. If you are
going to use the default location (recommended),
then click on the large box in the upper left of the
pop up box (it has a computer icon on it).

9. The computer will now copy the WinEMMON
files to the chosen directory. When the computer
tells you that the installation has been

successfully completed, click on the “OK” button.
You have now successfully installed WinEMMON on ﬂ

your computer. Connection and diagnostics use will
be covered later in this chaper.
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6.2.3 1. Escape outof Windows and get to the C:\>

Loading The PC prompt. It is imperative that windows not be

Reader Software active, or the program will not function as desired.

On To A Laptop Press Alt+F4 or double click the cursor on the

Computer Wipe;f left bar on the windows screen to exit
ndows.

2. Create a new directory (For example:
C:\> md emdec).

3. Change the directory to the pcreader
(For example: C:\> cd emdec).

4. Once in the directory, copy the files from
the disk into the directory (For example:
C:\emdec> copy a:\*.* ).

Occasionally the PC Reader software is upgraded to
enhance its operation, or to reflect changes in the
equipment installed on the engine. After receiving a
new version of PC Reader, it will be necessary to
change the files in the laptop. To ensure proper
operation, use the most recent software.
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6.2.3.1 1. While in the EMDEC directory, type in:
To Edit The edit emmon.bat. A screen will appear
EMMON showing the contents of the emmon file.
Command File

Fxample: %@%}ilo OFF

emmonl la (or current
version number)

ECHO ON

2. Use the cursor to select the existing
executable file (For example emmonlla
or current version number), and rename
it to the latest executable file name
loaded (such as emmonlla).

3. Alt + F to highlight the File task
Earl(;,San (;Lpen(ihelgc 1alog box.

Select SAVE and press <RET>.

4. Press Alt + F to highlight the File task
bar and open the dialog box once again.

Select EXIT <RET> to return to the
emdec directory.

6.2.3.2
Connecting Enapiibe softsase bonheereloadedinteibedaptapithe
WIinEMMON & box and cable, to the EMDEC system.

The PC Reader
To EMDEC
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6.2.3.3
Access Ports

On most applications there are two access locations for
EMDEC (figure 6.2).

One is located in the cab of the locomotive, inside the

FRRofREh G SrerpstaeChattis Gabingtkhe
EM2000 computer chassis, and is labeled “EMDEC”.

The second access port is located on the interface
module mounted to the 24 VDC power supply. It is
usually found in the AC Cabinet in the Engine

Compartment.

80 SERIES / 90 SERIES

High Voltage Cabinet
EMDEC Ports

!

High Voltage Cabinet
SR | i

' 8 L_ I : o e = L
g 'E = :_:QE :E';:}' ‘I =

70 SERIES
Figure 6.2 EMDEC Access Ports.
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SD70ACE AND SD70M-2 EMDEC ACCESS PORT

Figure 6.3 EMDEC Access Port (SD70ACe/
SD70M-2).
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6.2.4

Utilizing
WIinEMMON &
The PC Reader

Program

Connect the 9 Pin cable from the PC to
the translator box.

Connect the 15D-R plug to the PCT-R
cable, and the other end of the cable to
the translator box.

Connect the 15D-R plug into the EMDEC
reader port, and note that both the red and green
LED’s on the side of the translator box are
illuminated.

The EMDEC Communications (EMMON)
program will not work if the hardware is not
connected to the locomotive.

Click on the Start button in the lower left
corner of the computer screen. When the menu
options appear, click on all Programs/Programs
(depending on which version of Windows© you
are using). Move the cursor (arrow) to the
WinEMMON option, and click there. For

PC Reader change the directory on the PC to
C:\emdec> and type EMMON <RET> to start
the program.

A message will appear stating that the program is
searching for the interface box (WinEMMON or
text line PC Reader).

USERTIP!
The PC Reader and EMMON program will not function
correctly through Windows, Windows 95/98 and
Windows NT, even from the MS-DOS prompt within
Windows. Exit out of Windows completely before using
PC Reader and EMMON.

5. Once in either EMDEC reader program,

an EMMON main screen will appear.

90

Electro-Motive Service Publication




5 EWIIEC Help v reson 1.1
Bils Ede Bockmer: Opiomwe  Hep
Corteres| ot [ G | B [ g [ o [ B

40094242 - Windows Translator Box (WTE)

The Windows translator Box (WTB) Is used to connect the monitoring computer to the EMDEC
system.

Reader Coble Smral Cable
B gl

;o

/R Eom |

wTE )

okl
Entire Kit Pl
Softeare 40T

SOEHTHE

Troubleshooting tips:

The Red lamp on the WTE Box indicates that power is connected to the box through the reader

cable. If the Red lamp is not on make sure that the \WTB is connected to the EMDEC reader

cornector and that the EMOET system is powered (Knife switch and Engine control circut breaker
closad) =

Figure 6.4 Communication Problem.

If the software is loaded correctly, and the system is
properly connected, a main screen should appear on

the laptop (figure 6.4).

The systems (EMDEC, WinEMMON or PC Reader),
are communicating when the green light on the
translator box is illuminated, and the red light is
flashing. If there is a problem with the connection,
another message box will appear (figure 6.5). This
figure will be the small box labeled “Communication
Problem” on the screen save below.

This Communication Problem box gives you the
option of trying the connection again (the retry
button), canceling (the cancel button) or getting help.
If you press on the help button, another box will appear
(figure 6.5). This box gives you a diagram of the proper
cable setup for connecting to EMDEC, as well as the
correct part numbers to ensure you have the correct
translator box and cables. There is also a description of
the light functions on the translator box.
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6.2.5

WIinEMMON
Main Screen

Figure 6.5 Communication Problem.

The main WinEMMON screen consists of five
sections, covering Sender ECM, Receiver | ECM, and
Receiver 2 ECM. As well, there are sections for
Translator Box and System Description. In the lower
right corner of the Main Screen is a refresh button.
The ECM sections give you the software part number,
which revision of the software is being used, and which
calibration name/revision is loaded into the ECMs.

Note that Receiver 2 ECM will only show data and be
active on 20 cylinder engines.

Across the top of the Main Screen are the options we
can select from. These are System Info, Monitor,
Diagnostics, Downloads, Injectors, Bus Monitor, Misc.
and Help. We will cover each of these in turn.
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Figure 6.6 WinEMMON Main Screen. a
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Finding Trenzletce Bax

Figure 6.7 System Information Dialog Box.

The WINEMMON main screen appears whenever
you open the WinEMMON program, regardless if
you are connected to the locomotive. The System
Information Dialog Box (see Figure 6.7) will then
appear on the computer screen. This will document
the connection to the locomotive.
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Sysztem Infermation Dialog log

Finding Translator Bo

Translotor Boxiound. Yersion: WTB_034
Sieeingwhios on link (2 seconds)
getting Senderinfa

Sender Software Yersion 2.0
Sender Calibation 1625002 004
Seadar Pan Numdes 40087513
getiing Recemer! inf

Racisver! Softvare Varsion 210
Flacesser Calibration 16B50 2004
Facewer! Pari fMumber 30087513

Figure 6.8 System Information Dialog Box. u

If the connection is successful the System Information
Dialog Box will show the connection data (see Figure

6.8).
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Communication Problem R‘

@ Can't find Windows Translator Box!

Make sure Engine Control Breaker & closed

and Injection Run Switch is in Run position.
Green lamp should be flashing on Translator box.
Throttle in Stop position or MU Stop will cause
EMDEC ignition to be off

Retry Cancel Help

Figure 6.9 Communication Problem.

%@a??&b@@%ﬂ%‘@?@m't successful, an error box will
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ons Help
Conterts] oo | Fov [ Eome [ e | 0 ] Ea |

40094242 - Windows Translator Box (WTEB)

The Windows translator Box (WTE) is used te connect the monitoring computer to the EMDEC
system.
Reader Cable Serial Cable
A0S A0S
4 "~ Ecm
"h.__fr
wrE .
2

E Ergrz it PR

Sofware HOTEHHT

AD0E4T43

Troubleshooting tiss:

The Red lamp o the WTE Box indicates that power 13 connected Lo the box thiough the reader
cabde. If the Red lamp is not on make sure that the WTB s connected to the EMDEC reader

connestor and that the EMOEC system is powered | Knife switch and Engine control clreuwt breaker .
chncmily =]

Figure 6.10 Windows Translator Box Help Screen.

This Communication Error box will give you three
options, Retry, Cancel, and Help. Retry tells the system
to attempt to communicate with the locomotive again.
Cancel will stop the whole process and close the
WinEMMON program. Help is a shortcut to the
WinEMMON Help program, in particular the section
on Translator Box connections, that gives a diagram of
the proper connections and a description of samesee

Figure 6.10).
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Figure 6.11 WinEMMON Main Screen
(System Information)

This Help screen describes the two ligi{hts on the
"Translator Box and gives some helpful suggestions to
correct any connection problems you may encounter.

If the connection was successful, the WinEMMON
Main screen will appear (see Figure 6.11). Across the
top of the screen are the option selection buttons.
le)vin the cursor arrow on the computer screen to
one of theses buttons will allow the operator to select

that screen. These screens are:

System Info

Monitor

Diagnostics

Download

Injectors

Bus Monitor

Miscellaneous (Misc.)

Help

We will cover each of these screens in turn, starting
with the System Info, or Main Screen (as this is the
screen that will automatically come up if the translator
box connection was successful).
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6.2.5.1
ECM Data

Figure 6.12 WinEMMON Main Screen
(System Information).

On the left of the System Information Screen there are
three sets of ECM information fields. The sets of data
are labeled, from top to bottom:

e SenderECM
e Receiver ] ECM

e Receiver2ECM

Although all three sets of data are on the screen, the
information fields for the Receiver 2 ECM will be
blank when working with an 8, 12, or 16 cylinder
engine. This data only applies when working with a
twenty cylinder engine, which has three ECM’s.
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6.2.5.2
Secondary Data

The information in these fields shows:

e Thessoftware partnumber
¢ The software revision number

e The calibration name revision

This will be useful data when determining if the
software loaded into the ECM’s is correct for the
application. The data in these fields serves one other
useful function; having the data in the fields serves to
confirm that the ECM’s are communicating correctly

with WinEMMON.

On the right hand side of the screen are three other
data fields. The two in the upper right hand corner of

tte screen are for the Translator box. These fields
show:

e  Status of the Translator Box (connected
or disconnected)

®  Version of the Translator Box being used

This data will help to trouble shoot a connection
problem, to determine if the fault lies within the physical
connection, with the WinEMMON program, or with
engine systems. The version field will let the operator

know if they are using a current or outdated version of
the software or translator box. Note that the

WinEMMON translator box is the only one that will
work with WinEMMON. Earlier versions of the
translator box are for DOS based operating systems only.

100

Electro-Motive Service Publication



The field in the lower right hand side of the screen is
for system information, that is which engine/wiring
combination is used on that particular engine. Below
that is the Refresh button, which will replace the data

with fresh data whenever clicked on.

If you move the computer cursor (usually an arrow) to
the top of the screen and on to the Monitor button,
then click on it (on the keyboard of the computer,
usually close to the mechanism for moving the cursor,
will be two buttons. The left of these buttons will
usually be the selector button that you press, or click,
to make your selection. The mechanism for moving
the cursor will usually be a small pad that you drag
your finger across, known as a touch pad, or a small
button called a pointer) the Monitor screen will

appear, see Figure 6.13.
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6.2.5.3
Monitor Screen

EMIDIEL [

System info. Montor | Diagnosiics | nstal S/ to ECM| injectors| Bus Mandor | Misc. | Help |

[Engine Speed [2003 [REM [ [ [
[Engne REMSepoin [ 220 ReM | | [ |
% Load (Engine_R} [205 [ | [ |
| | | | | |
| | | | [ |
| | | | [ |
| | | | [ |
| | | | I |
LR Smapshat Stan L oaging I-Selul

Figure 6.13 Monitor Screen.

The Monitor screen allows the operator to look at, or
monitor, engine functions in real time. All sensor
feedbacks monitored by EMDEC can be monitored.
These include engine speed, engine RPM set point,
engine R (as shown), as well as such things as temperatures
and pressures. The signals (known as parameters) shown in
Figure 6.13are the default sigals that are loaded when

you first open the monitor screen. Other parameters can
be selected by moving the cursor to the Select Parameters
button in the lower right hand side of the screen and
clicking on it. This will open a parameter selection box
which will allow the operator to select from a large variety
of parameters, by simply moving the cursor to the desired
parameter and clicking on it. Parameters can also be
selected from separate ECM’s from this box, by moving
the cursor over the individual parameter desired and
clicking on it. Thus you can compare output from the
individual ECM’s. A large variation between the ECM’s
indicates a serious problem.
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Once the desired parameters have been selected, move the
cursor to the Save button and click on it if those parameters
selected are the parameters the operator wishes to keep
using. Note that the parameters can be changed at any
time, as required.

There are two signals that are extremely valuable for
troubleshooting. The first one is Engine Ratio, that was
discussed in the Load Control Section. It is the bottom
line of the box and is labeled as "% max fuel".

The second signal is labeled "% allowable torque".

It EMDEC is satisfied with the performance sensor
inputs (fuel temp, fuel pressure, air temp, and air
pressure), it will maintain this signal at 100%.

If EMDEC itself must cut back on horsepower
Psauss et ancngingperformanch problgm fepieh as

Reducing the allowable torque signal has the effect of a

lowering the top ends of the fuel maps. This in essence
will increase the Engine_R signal to the EM2000,
causing it to reduce generator excitation.

Remember the three signals.

On a properly operating engine in a steady load state:

ENGINE_R < 87%
%ALLOWABLETORQUE = 100%
LR%MAX = 100%
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6.2.5.4

Open

Lol g | L WinEmmeon v 2 26 ﬂ - & ef M

D

My Recent

Documents

My Do umants

C

Ity Cam ol

<

“YN.emﬂc

File gama: | - | Opan I

Files ofype: [EMDEC Dowrdaad infermation Fiss (~inf) | Cancel
I~ Opan as mad-orly

Saving Data

Figure 6.14 Data Save Box.

A “Snapshot” of data can be taken and saved by moving
the cursor to the “Save” button and clicking on it. A
“Save” box then opens(see Figure 6.14), requiring the
operator to name the data file (unit number, date, or
other relevant information that identifies the data
should be used) and then move the cursor tothe
“Open” button and click on it. A second “Save” box
then opens, with a “Save” button. Move the cursor to
this button and click on it and the data will be saved as

Hremamad fisdihsallons dhearesat oty Sesmadly

diagnosed. Once saved, the save box will close, and the
Monitor screen will appear once again.
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6.2.6
Diagnostics

E bl darakan 22 B
Syetem Info | Mondor Diagnaslics |inetall $/W 10 ECM| Injectors| Bus Monitor| Misc. | Help |

Fault Dascription Failurs mode Count

fectiive Faults

Inactive Faults

Teslant Devel-low Data walid but belew nermal cangs L

G o hows: 74 ~ HE 128
Sigs Faul it Fitih
5 1 ar '
O WTHDam rill Ah bz 45 Arthiat i
ey (=T ECM

Figure 6.15 Diagnostics Screen.

If the operator then moves the cursor to the top of the
Monitor screen and places it on the Diagnostics
button, and clicks on it, the Monitor screen will close
and the Diagnostics screen will appear (see Figure

6.15).

The Diagnostics screen is a “Real time” display of
current faults both active and inactive, from the
ECM’s. This screen shows:

e  Faultdescription (Active or Inactive)
e  Failure mode (what the Failure is)

¢ Count (how many times the Failure
occurred)
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6.2.6.1

Understanding
The Fault Screen

6.2.6.2

Selecting The
Fault Source

For example, in Figure 6.15, the Diagnostics screen
shows us that there are no Active Faults. Under
Inactive Faults, “Proprietary Data Link” is displayed.
This tells the operator that there was a proprietary data

link failure sometime in t|he past, but it is not cl[lrrently
active. Under failure mode, we read “Abnorma

frequency, PW (Pulse Width) or period”. This is what
the fault to the Data Link actually was. To the right of
that data on the screen is the count, in this case “6”,
which tells us that the fault has occurred six times.

The faults can be read from either ECM. The
selection of which ECM to read is done on the bottom
of the Diagnostics screen, where there two circles, one

below the other, labeled “MID 128” and “MID 175”.
MID stands for Message ID. In this case, which ECM
the data is coming from. Note that there are only two
active options, even though a third can be seen below.
This third selection will only be accessible when
connected to a twenty cylinder engine. By moving the
cursor to the circle beside the MID desired, and then
clicking on it, the fault input data source will be
changed.

Along the bottom of the Diagnostics screen are four
buttons, these are:

Health Scan

e Diagnostic Snapshot

Save Diagnostics

ClearAll
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Get User Information

Enter Unif =oad number

Figure 6.16 Unit Road Number Box.

6.2.6.3 Note that some buttons are clear, while others seem
faded. This differentiates between active and inactive
buttons. If the cursor is moved to an inactive button and
clicked nothing will happen. An inactive button means
that the option the button leads to is not available in this

Saving Fault
Data

particular operation. In this version of the Diagnostics
screen, only the “Save Diagnostics” and “Clear All”

buttons are active. a

Moving the cursor to the Save Diagnostics button and
clicking on it will open a Request Unit Number Box, see
Figure 6.18.This is to identify tle data.

Once the unit road number is entered (which is done by
moving the cursor to the open field and clicking on it,
then typing in the unit road number), move the cursor to
the OK button and click on it. A Save Box will then open,

asdddtigwild b Phe homncShle Borcnscstivwd ideiests
are fulfilled, move the cursor to the open button, click on
it, then move the cursor to the Save button, and click on
it. This will allow the operator to save any data found in
the fault files, either for later perusal, record keeping, or
fault verification.

6.2.6.4 The Clear All button will clear all Inactive Faults. Any
Clearing Faults fault that is currently active cannot be cleared until the
fault is corrected.

EMDEC Operating & Troubleshooting Guide 107



Figure 6.17 Download Screen.

6.2.7 Moving the cursor to the top of the Diagnostics screen
Using The and to the “Install S/W to ECM” button and clicking
Download Wizard on it will open the Download Screen, see Figure 6.17.

108 Electro-Motive Service Publication



Open rded

Loskin |13 WinEmmon v 2.2.6 »| +EE

a’,

Ky Documents
My Campule:
Fils nama: |J ﬂ Gpen
Files offype: |EMDEC Download infarmation Files [*inf = Cancel
My Nework [ Opian s mad-ony

Figure 6.18 Download Save Box.

This screen will allow the operator to download data to a
the ECM’s, such as when instlling new software.

Moving the cursor to the next button and clicking on it

will start the “Wizard”. A “Wizard” is a sub-program that

walks the operator through the stepsrequired to install

new software into the ECM’s. Once Next is selected, a

Save box will open, see Figure 6.18.
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Figure 6.19 My Computer Box.

This operates the same as the previous Save Boxes,
except in this case, the operator will select the file that
the download for the ECM’s is located. This will
usually be the A: drive on the computer, as the
software will likely be on disc. Insert the disc into the
A drive. Move the cursor to the “My Computer” icon
(picture) on the left of the Save Box and click on it.
This will open another box that will show the various
drives on the computer, see Figure 6.19.
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Move the cursor to the icon labeled 3 _ Floppy (A),
and click on it. This will activate the A: drive and open
another box which will show the contents of the disc in
the drive. Move the cursor to the software icon in the

S eSS gl o
Whlch should show the file from the A: drive that was
selected in the upper field. Move the cursor to the
Open button and click on it, and the Download should
commence.

You can also save a log of the downloads applied to the
ECM’s in this Save Box, as well. After the down load is
complete, click on the download file, then click on the
OK button, and then click on the Save button.

Note that if Commu ication p foblems should arise,
you can try moving the Translator Box EMDE

connection to the connection located in the #1
Electrical cabinet, directly on the interface board in
early applications with two access port locations for

EMDEC.
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Figure 6.20 Injectors Screen.

6.2.8 Moving the cursor to the top of the Download screen
Injectors Screen  and selecting the Injectors button and clicking on it
will activate the Injectors screen, see Figure 6.20.

The Injectors screen will show:

¢ Cylinder (Which One)
® RiseTime
e (Cal Code (Calibration)
e  CutOut
e  Pulse Width
This screen will also allow us to “Read” from the

ECM’s, “Write” to the ECM’s, ad refresh the data

shown on the screen.

112 Electro-Motive Service Publication



6.2.8.1
Injector Rise Time

6.2.8.2

Injector
Calibration

Cylinder has a list of numbers beneath it, from 1 to 16
in this particular example. These are the cylinders on
the engine, shown in numerical order. If we happened
to be on an 8 cylinder engine, we would see 8

cylinders or 20 on a twenty cylinder.

Next to the cylinder number is the Rise Time column.
This is the “Response” time of each individual injector.
This is real time feedback of injector rise time (or
response time) from the ECM’s.

These fields can also indicate problems with the
electrical side of the injectors.

Rise times should remain stable throughout the entire

enz%nes eed rang el EISC times.s ould e between
0 ms, and there should be little variance

between cylinders.

To the right of the Rise Time column is the Cal Code
fields. These are the calibration numbers for each
injector.

Fach EMDEC injector requires correct calibration be
entered to compensate for assembly line tolerance

differences in the mechanical portion.

Calibration changes the output of each injector to
bring it to a nominal standard.

Calibration codes should be verified on a regular basis.

Therefore, units having trouble making horsepower
with good injectors will benefit from this feature.
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Calibration is the electrical equivalent of “setting the
rack”, and must be done each time an injector is
renewed.

The nleCt?tﬂg ¢ ]ger calllbr tion 80(16 is marfk%d on the

top pla ctrical solenoid portion ot the
injector.
6.2.8.3 1. Open the top deck covers and record the two digit
Calibration calibration number from eachinjector, taking
Process care to ensure that the corresponding cylinder

number is also noted.

2. Check the cylinder number sorted calibration
codes from the injectors against those in the Cal
code columns of the Injectors Screen of

WinEMMON.

3. Verify that the numbers are the same between the
cylinders and the Cal Code column.

4. Ifthe numbers are different, move the cursor to
the field of the first cylinder with a non-matching

Cal Code, and click on it.
5. 'Type in the correct Cal Code.

6. Move on to the next mismatched cylinder/
injector as required.

7. Once all the corrected Cal Codes are entered,
move the cursor to the “Write to ECM button

and click on it.
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Injector Cal Codes

Copying cal codes to EEPROM - Sender ECh

Figure 6.21 Copying Cal Codes Box (Sender ECM).

A “Copying Cal codes to EEPROM” box will appear,
see Figure 6.21. At first it will read “-Sender ECM”,
move the cursor to the OK button and click on it, then

it will read “- Receiver ECM”.

Move the cursor to the OK button and click on it
when the copying is done (a message will appear in
the copying box). This will take the operator back to
the Injectors screen.

6.2.8.4 The next column to the right of Cal Codes is Cut Out.
Injector Again these are displayed in numerical order. To cut
Cut Out out a cylinder for diagnostic purposes, move the cursor

to the display field of the cylinder you wish to cut-out.
Click on that field, and the cylinder will be cut-out.
When you wish to cut it back in again, simply click on
the same field a second time.

Note that when you leave this screen, all cut out
injectors are cut in again by the program. Do not cut
out more then one injector at a time.
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6.2.8.5
Pulse Width

The Pulse Width field is located in the lower right
corner of the Injectors screen. When you cut out an
injector, monitor the Pulse Width as it should change.
Pulse Width is an average measurement, taken across
open TR S messtred hy degrecs of cranohatt e
rotation. As the computer will attempt to put more
fuel in the engine to compensate for a cut out
cylinder, the Pulse Width will widen (the injectors will
be held open longer). When you cut out an injector
and no discernable difference is noticed in the Pulse
Width, the computer has already compensated for that
cylinder, indicating that there is a problem with it. For
more detail see the Troubleshooting section of this
manual.
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Figure 6.22 Bus Monitor Screen.

6.2.9 Moving the cursor to the top of the Injectors Screen a
Bus Monitor and selecting the Bus Monitor button, and then

clicking on it, will bring us to the Bus Monitor screen,

see Figure 6.22.
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Get User Information

Enter Mumber of Second to Log

Figure 6.23 Get User Information Box.

The Bus Monitor screen will allow the user to monitor
and save the data accumulated in the bus. When this
screen is first opened it will be blank. Move the cursor
to the Monitor Data button and click on it. This will
open a Get User Information Box, see Figure 6.23.
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Figure 6.24 Bus Monitor Screen Gathering Data.

The data we can get from the bus is time related, so
the program wants to know which second to log. Enter
a time here, click on the OK button, and the Bus
Monitor Screen will reopen with data, see

Figure 6.24.
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Figure 6.25 Bus Monitor Data Save Box.

This data gathering process will continue until the Save
or Stop button is clicked on. If the Save button is
selected, a Save Box will open, see Figure 6.25.

Moving the cursor to the File Name field and clicking
there will allow the operator to type in an identifying File
Name. Once a File Name has been typed in, move the
cursor to the Save button and click on it. The file will
then be saved. Note that all file saves will be placed in the
WinEMMON v 1.3 Folder unless otherwise specified.

iherdlderemde seleata B i the
it, and typing in an alternate folder. The operator can also
move the cursor to the downward facing arrow at the
right of this field box, and by clicking on it, browse
through other folders until the one sought is found.

Once the file is saved, the Bus Monitor screen will once
again appear. Moving the cursor to the buttons along the
top and selecting the Misc. (Miscellaneous) button and
clicking on it, will open the Miscellaneous screen.
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Figure 6.26 Miscellaneous Screen.

6.2.10 The Miscellaneous screen has buttons for: a
Miscellaneous
Screen e SetEngine Speed

e ClearOverrides

o  Run Health Test
e FCMClock

Moving the cursor to one of these buttons and clicking

on it will activate the buttons stated function.

Note again that faded buttons are not active, and can
not be selected.
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Enter Desired Engine Speed: |

Ok Cancel l

PTO

Figure 6.27 Set Engine Speed (PTO) Box.

The first button on the Miscellaneous screen (hereafter
called Misc.) is the SetEngine Speed button. Moving
the cursor to this button and clicking on it will openthe
Set Engine Speed box, see figure 6.27.

Ipsedasiiedsmpinsspeatbisetypeehint toafiekldehe
then click on it, then type). Once the speed is typedin,
move the cursor to the OK button andclick on it. The
computer will then run the engine at the requested
speed. This option is mostly used in shtionary or
marine engines for certaintesting functions. If the
operator decides not to change the engine speed simply
move the cursor to the Cancel button and click on it.
This will return you to the Misc. screen.

The Clear Overrides button will clearany settings

changes the operator has madewhile testing the system.

The Run Health Test button is not available in version.
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Figure 6.28 ECM Clock Interface Box.

The ECM Clock button allows the ECM clocks to be
set and synchronized. Moving the cursor to the ECM
Clock button and clicking on it will open the ECM
Clock Interface box, see Figure 6.28.

This box has data fields for:

e  Sender—time and date

e  Receiver 1 —time and date

e  Receiver 2 —time and date
The fields on the left of the box are the time fields, and
the ones on the right are the date fields. Time is given

in hour/minute/second form, and date is given in
month/day/year form.
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There are two buttons on the bottom of the box, one to
cancel the operation and the other to set the clocks.
Setting and synchronizing the ECM clocks is
important for data identification and troubleshooting,
oFa SeHesof tnlccion Tults, snd i i conresponds 5
the date and time of a loading problem, that would be
an important clue as to identifying the root cause of
the failure.

To adjust the ECM time, move the cursor to the Set
Clock button and click on it. The ECM times (and
dates if necessary) should update. Note that the times
and dates will update to the times and dates that the
are on the computer being used to read the program.

Once the clock has been set, move the cursor to the
Cancel button, and click on'it. This will return the

operator to the Misc. Screen. Moving the cursor to the
top of the screen and to the right, brings us to the last
options button, the Help Screen.
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‘Welcome to EMDEC Help version 1.0.

Figure 6.29 EMDEC Help Screen

6.2.11 Clicking on the Help button opens the Helps screen, a
Help see Figure 6.29.
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Figure 6.30 Help Contents Screen.

The first screen that comes up is the welcome screen,
which doesn’t have a lot of data on it, but does allow
the operator to select from a few options. By moving
the cursor to the upper left corner of the screen to the
Contents button, and clicking on it, the Help file
Contents will be displayed, see Figure 6.30.

The Help Contents Screen has several options on it.
Across the top are:

¢ Contents

e Index

e [ind
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Figure 6.31 EMDEC Help Topics.

6.2.11.1 Moving the cursor to the Contents button and clicking

Help Topics on it opens the Contents screen, Figure 6.31. Moving
the cursor to the first option within the box (a small
book icon) and clicking on it, will open the EMDEC
Help Topics, see Figure 6.32.
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The englte is in danger of there ks a loss of englhe protection.

The EMDEC sensor system attempts to differentiate betwesn a falled sensor or wire and an actual
aut-of-range sensor reading. The system is set up so that a faded or inplugged sensar will log a
violtage beiow normal of stroéd low fallt and then substitite a default vakee for the sensors output. In
engine-eritical sensor applications, the defaulkt vaklue is chosen so as to resull in an engine shutdown

Figure 6.32 Engine Protection Help Screen.

These topics include:

Introduction To Help
Engine Protection
Diagnostic Link
Control Link
CANLink

Tools

Introduction to Help is simply a repeat of the
Introductory help screen.

The Engine Protection help screen, see Figure 6.32,
documents the various elements involved in Engine
Protection, and describes what those sensors monitor
and what parameters the program has to deal with the

data.
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Fie Eﬁ‘! Ennl‘mﬂlhs Help
I
J158T7 (Diagnostic link)

The MMagnostic or reader link |s used te access parameter data from the engine as well as to program
the ECMs. On Z-way Ink undts, the Locomotive Controller (LCC) |s connected to the dagnostie link,
albovang cab display of engine parameters.

Warious PC-based tools are avallable to monitor engine parameters, download EMOEC software, and
uphoad EMDEC fault archives.

Figure 6.33 Diagnostic Link Help Screen. a

Diagnostic Link help screen, see Figure 6.33, simply
tells the operator what the diagnostic link is.
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Figure 6.34 Control Link Help Screen.

The Control Link help screen, see Figure 6.34,
explains what the control link is, how it works, the PID
(Parameter ID) that corresponds to the link, and gives
an example of the “busy byte” numbers.
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J1939 (CAN Link)

Thie CAN lirk, also knowh as the Proprietary data ik is used for intei-ECIM commamication. The

Sender ECM sends fueling commanids to the Receiver ECM(s). The Receiver ECMIs) send load
rediction rediests to the Sender ECM.

Figure 6.35 CAN Link Help Screen.

The CAN Link help screen, see Figure 6.35, describes
what a CAN link is and does.
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6.2.11.2
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Figure 6.36 Faults Help.

The next item that can be selected from help topics
are Faults. Moving the cursor to the Faults icon (the
second little book) and clicking on it, opens the Fault
Topics, see Figure 6.36.

The list of items under the Faults topic consists of
PID’s (Parameter Identifications) and SID’s (System
Identifications). The majority of the PID’s and SID’s

are in this list.
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Figure 6.37 Parts Help Screen.

The next Topic selectable from the Contents Screen is
parts, see Figure 6.37. This is a list of the common
EMDEC sensor parts, their numbers, and the
Translator box part number.
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Figure 6.38 Help Index Box.

If the operator closes this help box and then moves the
cursor to the next tabbed item in the top of the Help
Contents Screen, and clicks on it, the Help Index Box
will open, see Figure 6.38.
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Figure 6.39 Help Find Screen.

This box has two fields in it, number] and number 2.
The number 1 field is a search field, if you move the
cursor there and click on it, then type in the first few
letters of the subject you're trying to find, the Help
program will search through its data base and try to

tind a match. The second field (number 2) has a list of
all the subjects in the database. You can look through
them by moving the cursor to the downwards facing
arrow on the right hand side of the field and clicking

meibpEhitor i Farsa b bistéanco doyan allowing
item you want to see more detail about, move the
cursor over to the item and click on it. This will cause
a blue box to appear on the item you wish to see. This
is called “highlighting”. Once you have highlighted
the item you want, move the cursor to the button
labeled “Display” and click on it. More information
will appear about the item highlighted. Moving the
cursor back to the top of the Help Contents screen,
click on the Find button. This will open the Help
Find screen, see Figure 6.39.
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This screen works basically the same as the Find
feature on the Index screen. There are three fields:

1. WordsSearch
2. LettersSearch
3. TopicsSearch

In the first you move the cursor to the open field and
then click on it. Type in the first words of the subject
you are trying to find.

In the second the operator can scroll down (again, by
moving the cursor to the downwards facing arrows to
the right of the field and clicking on them) and select
matching words and letters from the list. This selection

jodonisbyoseldoghd clickanodh ¢heondsbrid evidhs
highlight the selected words or letters. The operator
will then move the cursor to the right, where there are
five buttons. These buttons are:

Clear
Options
Find Similar
Find Now
Rebuild

Moving the cursor to the Clear button and clicking on
it will clear the field that is active (the one you've been

typing in).

The options button will let you select from a couple of
choices for finding items in the search.

Find similar allows you to search for something similar
to an item you've already selected in the active field.
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Find now tells the program to search for what you've
identified immediately.

Rebuild rebuilds the list that the choices can be made

from.

At the bottom of the Help Find screen are two more
fields, the one on the left will tell you how many topics
have been found after a search, and the one on the
right identifies the search criteria that was selected

(ie: alphabetical, etc).

There are three buttons along the bottom of the Help

Find screen, Display, Print, and Cancel. If you

highlight an item in the #3 or topic field, you can then

move the cursor to the Display button, click on it, and

your topic detail WJ] appear. Print is 40 op tion when a

printeris connected to the computer cmng used (note

that the button is faded, indicating that it isn’t active at

this time). Cancel will close the Help Find box and a
return the operator to the main screen again.

Note that WinEMMON Help is a work in progress. As
other information becomes available, it will be added
to the program periodically.
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SOFTWARE VERSION 1.5 SOFTWARE VERSION 1.5 SOFTWARE VERSION
CAL/REV 16A00001/002 CAL/REV 16B00001/002 CAL/REV
EMDEC PART# 40054073 | EMDEC PART# 40054073 | EMDEC PART#

*%% DEMO *** EMMONV. 11 ** DEMO ***

Engine oil pressure 1)0.56 2)0.56 3)0.56 4)0.56
Engine oil temperature 5)0.56 6)0.56 7)0.56 8)0.56
Engine coolant pressure 9)0.56 10)0.56 11)0.56 12)0.56
Inlet fuel pressure 13)0.56 14)0.56 15)0.56 16)0.56
Airbox Pressure 17) 18) 19) 20)
Inlet Fuel temperature

Sender inj. pulse width

Rcvrl inj. pulse width

% Allowed torque

Batteryvoltage

Crankcase pressure

Engine speed

RPMsetpoint

Sender start of injection

Rcvrl start of injection

6.3.1

Figure 6.40 PC Reader Main Screen.

The main PC Reader screen consists of six separate

PC Reader Main  information areas, or dialogue boxes, plus a list of

Screen

6.3.1.1

function keys located across the bottom of the screen.

Fach of these areas operates independent of the others,
and portrays a different type of data.

The three boxes across the top of the screen (figure

ECM Data Boxes gﬁgfe%is@g%ﬁgtl\{loideg{ification data. The boxes

Tg
e  Sender,

e Receiver 1, and,
e  Receiver2.

Although all three boxes are on display, the
information fields in the Receiver 2 box will be blank
when working with a 8, 12 or 16-cylinder engine. This
box only applies when working with a twenty-cylinder
engine with three ECM’s.
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SOFTWARE VERSION 3.0 SOFTWARE VERSION 3.0 SOFTWARE VERSION
CAL/REV 16A00001/002 CAL/REV 16B00001/002 CAL/REV
EMDEC PART# 40054073 | EMDEC PART# 40054073 | EMDEC PART#

Engine oil pressure 1)0.56 2)0.56 3)0.56 4)0.56
Engine oil temperature 5)0.56 6)0.56 7)0.56 8)0.56

Engine coolant pressure 9)0.56 10)0.56 11)0.56 12)0.56
Inlet fuel pressure 13)0.56 14)0.56 15)0.56 16)0.56
Airbox Pressure 17) 18) 19) 20)
Inlet Fuel temperature

Sender inj. pulse width

Rcvrl inj. pulse width

% Allowed torque

Batteryvoltage

Crankcase pressure

Engine speed

RPMsetpoint

Sender start of injection

Rcvrl start of injection

% max fuel (Engine R)

Figure 6.41 ECM Data Dialogue Boxes.

The information contained in these boxes shows:

e the MID code for the ECM,
e the calibration number, and,
e version of ECM software.

This will be useful when determining if the software
loaded in the ECM's is correct for the application.
The boxes serve one other useful function. Having
information shown in the boxes also serves to show

the ECM's are communicating correctly tothe PC

Reader.
6.3.1.2 On the left side of the main screen is a large box
Engine Parameter labeled "Parameters" (figure 6.41). The data shown in
Data Box this area is real time feedback from the various engine

sensors. In addition, other data critical to engine
operation is also displayed in this dialogue box. This
other information is based on ECM calculations, and
signals sent to the EM2000.
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SOFTWARE VERSION 3.0 SOFTWARE VERSION 3.0 SOFTWARE VERSION
CAL/REV 16A00001/002 CAL/REV 16B00001/002 CAL/REV
EMDEC PART# 40054073 | EMDEC PART# 40054073 | EMDEC PART#

Engine oil pressure i 1)0.56 2)0.56 3)0.56 4)0.56
Engine oil ‘temperature 5)0.56 6)0.56 7)0.56 8)0.56

Engine coolant pressure i 9)0.56 10)0.56 11)0.56 12)0.56
Inlet fuel pressure i 13)0.56 14)0.56 15)0.56 16)0.56
Airbox Pressure i 17) 18) 19) 20)
Inlet Fuel temperature

Sender inj. pulse width

Rcvrl inj. pulse width

% Allowed torque

Batteryvoltage

Crankcase pressure

Engine speed

RPMsetpoint

Sender start of injection

Rcvrl start of injection

% max fuel (Engine R)

Figure 6.42 Engine Parameter Dialogue Box.

As shown in figure 6.42, all sensor feedbacks such as
pressures and temperatures are displayed. For example,
the lube oil pressure and temperature may be
monitored on this screen.

The signal called "Battery Voltage" is actually the
output of the 24 VDC power supply. This is an easy
way to assess the condition of the output. Remember
that the power supply must be 24 VDC plus or minus
10%.

Shown in this area are the base pulse widths and the
base start of injection for the Sender and Receiver

ECM (s). Normally the data shown for the different
ECM's should be very similar. A large variation
between Sender and Receiver indicates a serious
problem. Again, this is very important information to
have when diagnosing engine problems.
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There are two signals that are extremely valuable for
troubleshooting. The first one is Engine Ratio, that was
discussed in the Load Control Section. It is the bottom
line of the box and is labeled as "% max fuel".

The second signal is labeled "% allowable torque".

If EMDEC is satisfied with the performance sensor
inputs (fuel temp, fuel pressure, air temp, and air
pressure), it will maintain this signal at 100%.

If EMDEC itself must cut back on horsepower
because of an engine performance problem (such as

low boost pressure), this signal will be reduced.

Reducing the allowable torque signal has the effect of
lowering the top ends of the fuel maps. This in essence

willsingraass o giiteRsisnaditadha. -M2000,
Remember the three signals.

On a properly operating engine in a steady load state:

ENGINE_R < 87%
%ALLOWABLETORQUE = 100%
LR%MAX = 100%
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6.3.1.3 To change or rearrange parameters displayed in the

Editing The Main ~ dialogue box:
Screen
1. Press the F1-Parameters key on the EMMON

Main screen.

Two columns will appear. The left column lists
parameters that are displayed, the right column is
the choice of parameters available.

SELECTED PARAMETERS MONITOR-ABLE PARAMETER LIST
Engine oil pressure
Engine oil temperature Engine oil temperature
Engine coolant pressure Engine coolant pressure
Inlet fuel pressure Inlet fuel pressure
Airbox pressure Airbox pressure
Inlet fuel temperature Inlet fuel temperature
Sender inj. pulse width Sender inj. pulse width
Revrl inj. pulse width Rcvrl inj. pulse width
% Allowed torque Rcvr2 inj. pulse width
Battery voltage % max fuel (Engine R)
Crankcase pressure Battery voltage
Engine speed Crankcase pressure
RPM setpoint Engine speed
Sender start of injection RPM setpoint
Rcvrl start of injection Sender start of injection deg

Use ARROW keys to move highlight bar INS-add to selected parameters
ESC-exit F1- load list F2-save list DEL-remove from selected parameters
Quick Selects: P-Power S-Sensors l-Favorite #1 2-Favorite #2

Figure 6.43 Engine Parameter Selection Utility Screen.

2. Shift between the columns by using the
horizontal arrow keys.

Move the cursor to the desired column and the
first item will be highlighted in a white box in
bold print.

Move the highlighted box using the vertical
arrow keys.
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3. Press the DELETE key to remove items selected
from the left column.

4. Press the INSERT key to insert items selected

fram the right column, into open lines on the left
column.

The operator cannot insert parameters into the
left column unless blank lines are available.

5. Hitthe ESC key to return to the display screen.

6. 'To save the set up, pressF2 and name the file as
desired (i.e. “cool” for the Cooling System).
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6.3.1.4

SOFTWARE VERSION 3.0 | SOFTWARE VERSION 3.0 |[|SOFTWARE VERSION
CAL/REV 16A00001/002 CAL/REV 16B00001/002 CAL/REV
EMDEC PART# 40054073 |EMDEC PART# 40054073 | EMDEC PART#

Engine oil pressure 1)0.56 2)0.56 3)0.56 4)0.56
Engine oil temperature 5)0.56 6)0.56 7)0.56 8)0.56
Engine coolant pressure 9)0.56 10)0.56 11)0.56 12)0.56
Inlet fuel pressure 13)0.56 14)0.56 15)0.56 16)0.56
Airbox Pressure 17) 18) 19) 20)
Inlet Fuel temperature

Sender inj. pulse width

Revrl inj. pulse width

% Allowed torque

Batteryvoltage

Crankcase pressure

Engine speed

RPMsetpoint

Sender start of injection

Recvrl start of injection

% max fuel (EngineR)

Figure 6.44 Injector Response Times.

On the right side of the main screen are two smaller

Injector Response boxes. The upper of the two is labeled "Injector

Time

6.3.1.5

Response Times" (figure 6.44).

The data shown in this area contains real time
feedback of injector response times from the ECM's.
Note that while there are spaces for twenty injectors
(corresponding to engine cylinder numbers), not all
will contain data on every application (depends on how
many cylinders the engine you are working on has).

;l; ¢ (c)l%st?lleeqzna]]esgtgglcates problems with the electrical

Response times should remain stable throughout the
entire engine speed range. Response times should be
between 1.20 - 1.60 ms, and there should be little

variance between cylinders.

To utilize the F2-Injector Screen, reference the

Using The Injector Injector Calibration Codes section on page 125 for

Screen

more information.
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SOFTWARE VERSION 3.0 SOFTWARE VERSION 3.0 SOFTWARE VERSION
CAL/REV 16A00001/002 CAL/REV 16B00001/002 CAL/REV
EMDEC PART# 40054073 | EMDEC PART# 40054073 | EMDEC PART#

Engine oil pressure 1)0.56 2)0.56 3)0.56 4)0.56
Engine oil temperature 5)0.56 6)0.56 7)0.56 8)0.56
Engine coolant pressure 9)0.56 10)0.56 11)0.56 12)0.56
Inlet fuel pressure 13)0.56 14)0.56 15)0.56 16)0.56
Airbox Pressure 17) 18) 19) 20)
Inlet Fuel temperature

Sender inj. pulse width

Rcvrl inj. pulse width

% Allowed torque

Batteryvoltage

Crankcase pressure

Engine speed

RPMsetpoint

Sender start of injection

Rcvrl start of injection

% max fuel (Engine R)

Figure 6.45 Fault Data - Real Time Diagnostics. a
6.3.1.6 On the lower right side of the main screen is a box
Fault Data labeled "Real Time Diagnostics" (figure 6.45).

The data shown in this area contains real time
feedback of active and inactive system faults.

The “Real Time Diagnostics” screen is limited in size
and the type of information displayed. Therefore an
identification number and brief description of the
fault is shown. Active faults will be shown in black
type that is blinking, inactive faults will be displayed in
solid white type.
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Datavalidbutabove/belownormal range

Data valid but above/below normal shorted high/low

Volt. above/belownormal shortedhigh/low

Voltabove/belownornal shortedhigh/low

(Hit F3 key to show a list of all faults)

Figure 6.46 Fault Data - Diagnostic Screen.

6.3.2 Due to main screen limitations, a more extensive fault
Using The diagnostic screen is provided.

Diagnostics

Screen 1. Atthe EMMON main screen, press

F3- Diagnostics to select the diagnostics or
EMDEC fault archive feature.

2. The list of archived diagnostics will be displayed
on the screen. Active faults are shown in red,
inactive faults are shown in green, or light on dark
text on monochrome screens.
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6.3.2.1
To View The Faults

6.3.2.2
To Save Archived

Faults To A File
(EMDEC Fault
Download)

2.

Select F2 Change MID to view the faults on the
other ECM's.

Press C to clear Inactive faults. They can be

cleared one at a time.

Active Faults cannot be cleared, and must be
corrected.

Once an active fault is corrected, it will become
inactive.

Use the arrow keys to scroll through the faults.
Press <RET> for details on the fault selected.

Press Fl—Ere]gfe File. A box will appear that
eh

requests t € name.

Type in the file name (i.e. 82340912.128 for the
Sender, 82340912.175 for Receiver 1), and press
<RET>.

This file will be saved in the emdec directory
and can be viewed and printed in any Windows

compatible word processing program (such as
Microsoft Word).

Press ESC to return to the EMMON main

SCreen.
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6.3.3

Using The
Download
Function

Shut down the engine, and write down on a piece
of paper, the cylinder number with the individual
injector calibration codes stamped on top portion
of the injector solenoid.

If already in EMMON, go to step 5. Otherwise,
start up the PC Reader program EMMON.

Programming Tip!
The EMMON program will not function correctly through
Windows, even with MS-DOS prompt within Windows.
Exit Windows completely before using EMMON.

Within DOS, change the directory to EMDEC or
PCREADER as shown below:

C:\cd emdec or pereader

At this point, plug in the EMDEC translator box
cable (Kit # 40055368) to the EMDEC
communications port within the #1 Electrical
cabinet, and to the laptop.

Programming Tip!
If experiencing difficulty communicating with EMDEC,
check to see if the PRG300 is in boost mode. EMDEC
does not function, or program well with low battery

voltage.

If unable to communicate, or program from the
EMDEC communication connection in the #1
Electrical cabinet, try using the connection
mounted directly on the interface board back

in the AC Cabinet.
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4. 'Type EMMON, and the PC Reader program
should begin. After the reader displays the home
page, check the EMDEC part number located in
the upper left hand corner. Write the EMDEC

part number down.

CAUTION:
Do not apply 108% EMDEC software to a locomotive that
previously had 100% software. Incorrect software could
result in catastrophic engine failure.

Check the EMDEC part number to make sure
you are applying the correct software version.

5. From the EMMON Main screen, press
F4-Download to select the download feature.

6. Insert the correct EMDEC software disk into the
disk drive.

7. The screen will ask you to select the appropriate
drive, A or B. Press the appropriate key, A or B,
and the system will automatically load the
calibration software into the laptop.

8. A menu screen will appear that offers eight
selections:

Sender Program and Calibration.
Sender Calibration Only.

Recvrl Program and Calibration.
Recvrl Calibration Only.
Recvr2 Program and Calibration
Recvr2 Calibration Only.

Escape.
M - Manual Download Options.

S IR L
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Disk Information
EMDEC Part #: 40063623 Order 3: 946501

20-710G3B-ES: Mod 'd PW Tbl for +Low End P

; Upper Cool Lim

Automatic Download option
Download SENDER program and calibration
Download SENDER calibration only
Download RCVR1 program and calibration
Download RCVR1l calibration only
Download RCVR2 program and calibration
Download RCVR2 calbration only

ESC-Quit M-Manual Download Options

Figure 6.47 Downloading Utility Screen.

9. The disk information window contains the
EMDEC part number of the software being
applied, the order number it should be applied
to and some miscellaneous information on the
engine. The box below the disk information box
is the download options window. In the lower
right hand portion of the “Automatic Download
option” there is an option choice for Manual
Download mode. In this case, the ECM not
being programmed must have the power
disconnected. Please note: if programming a
blank ECM or new ECM or cross-programming
ECM’s, the Manual Download mode must be
used. Whatever mode displayed around the
download options is actually the mode you are in.
For instance, the programmer is in the Automatic
Downloading mode.
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—  Programming Tip!
If programming a blank ECM or experiencing difficulties
programming a used ECM, try unplugging the power
harness on the opposite ECM (s). This can be easily

done by unplugging the PS plug for Sender, and PR1
plug for receiver in the AC cabinet.

10. Place the program option into Automatic
Download mode.

11. Press I to begin programming the software for
the Sender ECM. If loading calibration software
only, press 2 (Please note: loading calibration
software is only allowed when upgrading cals
with the same software. For example - going from
100% software to 108% software or back). The

screen will prompt you to turn ON and turn

OFF the ENGINE CONTROL circuit breaker

at appropriate times to boot the system. The a
E.CM should be programmed in approximately

11 minutes.
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12.

13.

14.

15.

Immediately after loading the program, the
system will automatically load the calibration
software. Upon completion of the Sender
download, the system will once again prompt

(%Lelatlgetruﬁﬁlé%g%%w E. CONTROL Circuit

If programming was a success, the programming
screen will reappear. Now that the Sender ECM
has been programmed, the Receiver 1 ECM
needs to be programmed.

Press 3 to program the Receiver 1. Again, if
loading calibration software only, press 4. The

screen will prompt you to turn ON and OFF the
ENGINE CONTROL circuit breaker at

appropriate times to boot the system.

Immediately after loading the program, the
system will automatically load the calibration
software. Upon completion of the Receiverl
download, the system will once again prompt you

to turn the ENGINE, CONTROL Circuit
Breaker ON and OFF.

Programming Tip!

If experiencing downloading difficulties at this
point, try shutting down the laptop and rebooting.

Go back to the EMMON and start programming
at step 13.

16.

If programming a 20-cylinder engine, press 5 to
program the Receiver 2. As before, cycle the
ENGINE CONTROL Circuit Breaker as
instructed upon completion of the download.
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17. If programming was a sucess, the programming
screen will reappear. Now that the Receiver |
ECM has been programmed, the Receiver 2
ECM (if equipped with a 20-cylinder engine)

needs to be programmed.

Programming Tip!
If experiencing downloading difficulties at this point,
try shutting down the laptop and rebooting. Go back
into EMMON and start programming at step 15.

18. If experiencing difficulty programming the
ECM’s, try changing the programming mode to
Manual Download by pressing M on the key-
board from the ECM Programming Screen. In

the Manual Download mode, the power of the
ECM not being programme mus?be

disconnected. ﬂ

19. To program the Sender ECM in Manual mode,
disconnect the power connection (See Figure
6.48) from the Receiver I ECM and Receiver 2

ECM if equipped. Follow the programming steps
11 through 13.
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Please note: For a 20-cylinder 710 engine,
facing the accessory end of the engine, the
Sender ECM will be the center ECM, the
Receiver 1 ECM will be to the left
“conductor’s side of locomotive” and Receiver 2
will be on the right side of the “engineer’s side
of locomotive.”

For 16-cylinder platform style 710 engine, the
Sender ECM will be on the right “engineer’s
side of the locomotive” and the Receiver ECM
will be on the left “conductor’s side of
locomotive”.

For 16-cylinder side mounted ECM’s, the
Sender ECM will be on the right “engineer’s

side of locomotive” and the Receiver will be on
the left “conductor’s side of locomotive.”

ECM Power Connection
{ i '-‘ ]
.t | . . L
| " _{

Figure 6.48 ECM Power Connector Top View.
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20. Repeat steps 13 and 14 for Receiver 1 with all
other ECM’s disconnected and steps 15 and 16
for Receiver 2 if equipped with all other ECM
power disconnected.

21. From the EMMON main screen, verify the
software version and calibration number at the
top of the page agree with the Software disk.

22. Once the ECM’s have been successfully
programmed, the injector calibration codes must

be entered. Please reference the Section titled
USING THE INJECTOR CALIBRATION

CODES (F2) Programming the Injector
Calibration Codes.

— WARNING:

Remember, the software must only be used in
conjunction with the respective injector calibration codes
that are inscribed on each injector body. The calibration
codes must be entered after new software has been
applied to both the Sender ECM and Receiver ECM’s.
The calibration codes will default to either --, 1 or 50
after the ECM has been programmed. As a result, the
injector calibration codes must be entered properly, this
software will not function as intended, and faulty engine
operation may result.
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23.

24.

After entering the calibration codes, from the
EMMON main screen, Press I3 - Diagnostics
for the fault archive of EMDEC. If there are
any faults in the archive, press C to clear each

i O BT g 88 e o the
Receiver ECM’s archive. The number in the

upper right-hand corner should switch to MID
175. If there are any faults in the archive, press
C to clear.

If equipped with a 20-cylinder engine, Press F2
again to switch to Receiver 2 ECM. Clear out the
faults, if any, in the archive. Press ESC key to
quit the diagnostics screen.

fter tl he ted, check th
fflaeggwls%gsn sgcl?genagvlsﬁiilf El\(jﬂ\%%)N ?or any

faults. If any faults were logged, investigate.
Otherwise, exit EMMON by pressing the ESC

key twice.
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Fuelemperature
Aiffemperature

0il Temperature
Coolant Temperature
0il Pressure

Turbo Pressure
Barometer

Throttle Position
PTOPosition

Coolant Level

Fuel Pressure
Battery Voltage
Sensor Supply Voltage
0il Level

Fire Pressure
Crankcase Pressure
Blower Door Position
Coolant Pressure

<<< ADC Counts >>>

0.00/olts
0.06r0lts

.00
.00
.00
.00
.00
.00

O O0Ooo oo

volts
volts
volts
volts
volts
volts

.00volts

.00
.00
.00
.00
.00
.00
.00
.00
.00

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

O O0OO0OO0OO0OO0OOoOOoOOo

Figure 6.499 ADC Count Screen.

6.3.4 1.

Using The Sensor
A/D Value Screen

From the EMMON main screen, press

F'5 - Sensor A/D Values

volts
volts
volts
volts
volts
volts
volts
volts
volts

Alist of sensors will appear in the lefthand column.
Some values will not displayed, specifically if the

sensor is not configured, please reference the

EMREPORT for sensor configuration. The last

column lists the voltage as seen by the Sender
ECM. The sensor voltage feedback should be
within the specified voltage range provided in the

sensor troubleshooting procedures in Chapter 8.

EMDEC Operating & Troubleshooting Guide

157



<<< Digital I/O >>>

INPUTS OUTPUTS

PIN FUNCTION STATE PIN FUNCTION INTENDED ACTUAL

Jl B2
F1l Bl

G3 F3
F2 A2
J2 s3
G2 T3
Gl W3
El X3
H1l Y3
H2 Al
K2

K3

(Esc to return to Monitor, Fl to see a list of digital functions)

Figure 6.50 Digital Input Output Screen.

6.3.5 1. From the EMMON main screen, Press
Using The Dlglf0| F6 - Dlgltal I/O Pil’lS.
1/0O Pins

A list of pin locations will appear in the left-hand
column (See Figure 6.50). The second column
lists a set of inputs with their respective status.
The output functions correspond to the status
that EMDEC is in (i.e shutdown status,
ECMON, etc.). The INTENDED column lists
the desired state, and the ACTUAL column
shows the real time status of the function. For
instance, if the engine shutdown bit was
activated, the shutdown function’s actual state
would flash from ON to OFF.
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6.3.6

Other PC Reader
Functions

6.3.6.1

Injector
Calibration
Procedure

In addition to the real time diagnostic functions,
discussed earlier, the PC Reader serves other purposes.

1. Entering the Injector Calibration Codes.
2. Checking Individual Injectors Using the

EMDEC PC Reader Cylinder Cutout Feature.

Each EMDEC injector requires correct calibration be
entered to compensate for assembly line tolerance
differences in the mechanical portion.

Calibration changes the output of each injector to
bring it to a nominal standard.

herefore, units having tfrouble aklnl h}prsepower
Wlh g00 111 jectors will bene 1t tiTis feature

It is the electrical equivalent of “setting the rack”, and
must be done any time an injector is renewed.

Codes should also be verified on a periodic basis.
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6.3.6.2

Calibration
Process

Before entering Injector calibration codes, ensure
that the PC Reader software has a Phase 111
designation on the label.

fthe disk iscrll%t vailable, th revisioq le\éel can
e confirmed by looking at the pcreader directory
and verifying that at minimum, an EMMON11a

file or current version exists.

This procedure must only be done when the
engine is shut down.

Open each of the top deck covers and:
1. Record the two-digit number that
is scribed on the top of each

cylinder solenoid, and

2. Record the corresponding cylinder
number.

. With the laptop connected to EMDEC through

the translator box, verify that the EMDEC
software level is at least VI1.5.

Calibration code cannot be utilized on older
EMDEC revisions.
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< EMDEC INJECTOR CALIBRATION / CUTOUT UTILITY™

CYLINDER CALIBRATION CUT-OUT
1 50

50

50

50 20 cylinder 710 new front end

50

50

50

50

50

Engine Configuration

2
k}
4
5
6
7
8
9

Injector Pulse Width

Degrees

Cylinder Cutout Masks
MID 128 00 (00000000)
MID 175 00 (00000000)
MID 183

Figure 6.51 Injector Calibration Screen.

6.3.7 1. From the EMMON main screen, press

Entering The F2 - Injectors.

Injector

Calibration A list of cylinders from one to twenty will appear,
Codes followed by a row for the calibrations of each

injector. (Figure 6.51)

If programming a 16-cylinder engine, do not put
any values in the cylinder 17-20 blanks.

2. Enter the calibration numbers for each cylinder
within the calibration row, using the arrow key.

DO NOT PRESS ENTER.
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6.3.7.1

Checking
Individual
Injectors Using
The EMDEC PC
Reader Cylinder
Cutout Feature

Upon completion of all applicable cylinders,
press F2 - Write to ECM’s to save the calibration
codes to each ECM.

(ol ARRE PN PR R A B R v Phen
display “uploading to Sender...ok, Receiverl...ok
and Receiver?...ok (if equipped).

To verify the upload, pressF1- Read From
ECM’s to read the injector calibration codes that
have been stored.

The codes should match the codes just entered.
Press the ESC key to exit the injector screen.
From the EMMON main screen, press

F2 - Injectors. A list of cylinders from
one to twenty will appear (Figure 6.51).

WARNING:

DO NOT ATTEMPT THE CYLINDER CUT-OUT TEST

ABOVE THROTTLE 5.

2. Use the arrows to scroll up or down the injector

list. Press F'3 - Toggle Cylinder Cutout to cut

injectors in or out.

The screen will display YES next to the injector
calibration code when the cylinder is cut out.

The column under cut-out will be blank when
the injector is cut in. It is not recommended to
cut-out more than one injector at a time.
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3. Putlocomotive in Load Test and set Throttle to
notch 5. Note the number that is displayed on the
pcreader under the heading Injector Pulsewidth.

4. Sel %t the cylinder ta cut out, and toggle F3 to

enable the comman

If the pulsewidth displayed changes when
the cylinder is cut out, the remaining cylinders
have begun compensating for its removal.

This indicates that the cut out injector is healthy.

If the pulsewidth displayed does not change when
the cylinder is cut out, the remaining cylinders
are already compensating for its loss of power.

This indicates the injector is not healthy, and
must be removed.

5. Once the cylinder cut out test is completed, scan
the list of cylinders on the PC Reader, and make
sure YES is not displayed indicating that a
cylinder remains cut out.

Use F3 to clear the YES, and cut the cylinder

back in.
6.3.7.2 In the event of an unprogrammed ECM change out,
Software refer to the Software Download Procedures on
Download page 148.

Procedure
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6.4

THE
ANNUNCIATOR
PANEL

6.4.1

Fault Indicating
Lights (LED’s)

The panel:

Annunciator or Fault Panel is normally located on the
side of the AC electrical cabinet. (70/75 Series)

-1sthe center of the EMDEC
En ine Protection and, Dlaﬁlostic
ystem in the locomotive engine
room.

- contains the LED indicating lights
and switches available to the
operating or maintenance crew
to control the EMDEC system
operation and diagnostic function.

O

O

HOT OIL LOW OIL LOW WATER

TEMP PRESSURE PRESSURE
CRANKCASE STOP CHECK
PRESSURE ENGINE ENGINE

RUN CODE
STOP TEST
FUEL READY
INJECTION

O

SYSTEM
CODE / TEST

@ @

O

Figure 6.52 Annunciator Panel.

The fault indicating lights are used to determine if a
specific condition has caused an engine protection

shutdown.
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6.4.1.2

Hot Qil
Temp Light

6.4.1.3

Low Qil
Pressure Light

6.4.1.4
Low Water
Pressure Light

CAUTION:
Following an engine shutdown, DO NOT attempt to

restart the engine until the cause of the shutdown has
been determined and action has been taken to correct

the fault condition.

The following paragraphs describe the fault indicating
lights.

The red Hot Oil Temp Light will come on to indicate
that a high engine oil temperature condition has
caused an engine shutdown. The EMDEC Engine
Protection System determines this fault when the
engine oil temperature exceeds a specified trip level

for a minimum of 10 seconds.

The red Low Oil Pressure Light will come on to
indicate that engine lube oil pressure has dropped to a
dangerously low level, and caused an engine shut-
down. The Engine Protection System determines this
fault when engine oil pressure remains below the
specified trip level after a time delay, which will vary

according to engine speed.

The red Low Water Pressure Light will come on to
indicate that a low water flow condition has caused an

engine shutdown. The Engine Protection System
determines this fault when the difference in pressures
between sensing points in the engine cooling system is
greater than a specified value after a time delay relative
to engine speed.
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6.4.1.5 The red Crankcase Pressure Light will come on to

Crankcase indicate that a positive crankcase pressure condition

Pressure Light has caused an engine shutdown. This fault is
determined when crankcase pressure increases to a

eci sitive trip level after a time dela
gconcﬁ leiﬁl engine at spee(f eln acﬂlhon t tge fault
light, a protruding button on the crankcase pressure

detector indicates the device has tripped, and caused
the engine to shutdown.

— WARNING:

Following an engine shutdown caused by the crankcase
pressure detector, make no further engine room
inspections until the engine has been allowed to cool

off for at least two hours. The action of the pressure

esigaTeata i ene e Lagarin

explosive force. DO NOT attempt to restart the engine
until the cause of the detector trip has been determined
and corrected. When activated, the detector must be
manually reset by pushing in the reset button. If the
button cannot be reset,DO NOT operate the engine
until the pressure detector has been replaced, as it
may have internal damage.

6.4.1.6 To reset the system, it is necessary to toggle the FUEL
System Reset INJECTION switch on the panel to the OFF (down)
position. When the switch is returned to the RUN
(up) position, the fault light indicating cause of the
shutdown should go OFF, and the System Ready
Light should come back ON.
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6.4.1.7 The Engine Diagnostic Lights provide the means to

Engine Diagnostic access the EMDEC self-diagnostic system. The system

Lights continuously monitors itself and the other system
components including sensors, injectors, connectors,

fmd associated wir,inﬁ. Ifa fauLt is dete te(gl,durin .
,one or both of the 1agnostic

ocomotive operatio
lights will be illuminated depending on the severity

of the fault. Any faults that occur are stored as codes in
the ECM memory. The stored codes may be accessed
by toggling the CODE/TEST switch on the panel to
the CODE (up) position and observing the "flashing"
displayed on one or both of the diagnostic lights.

This is provided that the power is being supplied to
the EMDEC system (with the engine at idle or
shutdown), and the engine is not in a protection
condition. Moving the switch to the TEST (down)

position will illuminate all lights to ensure their

operation.
6.4.1.8 The red Stop Engine Light (SEL) will come ON to
Stop Engine indicate that a potential engine damaging condition
Light (SEL) has been detected. If the system is programmed to

shutdown for this condition, the engine will shutdown
in approximately 30 seconds and a corresponding
fault indicating light on the annunciator panel will
come ON.

This light is also used to "flash out" the active fault
codes using the TEST/RESET switch on the

annunciator panel. An active code is a fault that is
currently keeping one or both of the diagnostic lights
ON, as well as a corresponding fault light. Active codes
are displayed (flashed) in order from the most recent to
the least recent based on engine running hours. Active
codes are also immediately stored in the ECM memory
as inactive codes.
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6.4.1.9

Check Engine
Light (CEL)

6.4.1.10

Fuel Injection
Switch

NOTE:
The stop engine light (SEL) will come ON for 5 seconds
when power is first applied to the EMDEC system as a
test of the light and system circuit.

The yellow Check Engine Light (CEL) will come ON
to indicate that a fault has occurred and lasted for at
least 2 seconds in duration. If the fault goes away, the
light will go out, but a fault code will be stored in the
ECM memory as an inactive code. The condition
should be diagnosed at the next unit service or
maintenance check point.

The light is also used to "flash out" the inactive fault
codes using the CODE/T'EST switch on the

raRIpRaten g Rl uilethdctive codetlasafaulishgbd
(flashed) in order from the most recent to the least
recent based on engine running hours.

_ NOTE:
The Check Engine Light (CEL) will come ON for 5
seconds when power is first applied to the EMDEC
system, as a test of the light and system circuit.

Trhisdeviepiscethin phe RemNakdingtassls deitehtart
and operate the diesel engine. It enables fuel
injection. The engine will shutdown whenever this
switch is placed in the STOP position. It disables fuel

injection.
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— NOTE:
The Fuel Injection switch provides the ONLY means to
stop the diesel engine from within the engine room.
Placing the fuel injection switch in the STOP position

8{)?.‘?18!:!%"’5 the engine to be cranked without firing the

To clear a fault indication from the annunciator panel,
the switch is placed momentarily in the STOP (down)
position. When returned to the RUN (up) position,

the fault light should be off and the System Ready
Light should come back ON.

6.4.1.11 The green System Ready Light will be ON provided

System Ready that the power is being supplied to the EMDEC

Light system. This light will be OFF if the engine has been
s{mtdown using the Emergency Fuel Cut-Off (EFCO)

switch, the M.U. Engine stop switch (on units with ﬂ

control consoles), or the throttle handle STOP
position (on units with AAR type control stands), and
the engine shutdown circuit has not been reset.

NOTE:
Shutdown circuit is reset by momentarily placing the Fuel
Prime/Engine Start switch in the FUEL PRIME position.
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6.4.1.12
Code/Test Switch

6.4.2
Reading

This device is a toggle type switch with two
momentary contact positions; CODE (up) and TEST
(down), and a spring return to the center (release)
position. This switch is also called the Diagnostic

Request switch.

Holding the switch in the CODE (up) position
activates the EMDEC Self Diagnostic "flash code”"
system. This can be done at any time power is being
supplied to the EMDEC system (with the engine at
idle or shutdown), and the engine not in a protection
condition. Active codes will be flashed first on the Stop
Engine Light (SEL) followed by the inactive codes
flashed on the Check Engine Light (CEL).

With the switch held in the TEST position, all of the

RCIHeSeR ORI P SRR sl e ey
hght fails to come ON, the annunciator panel needs to
be replaced.

NOTE:
Correcting the condition that caused the fault and
resetting the annunciator panel DOES NOT clear the
fault code from the ECM memory. Actual clearing of
codes can only be done using the PC Reader.

Thadodlesyingarndhn dbavhmaedyal ssnsdbaisan

Diagnostic Codes EMDEC system.

- Flash Method

1. Cycle the injection control switch to the off
position, and observe the yellow Check Engine
Light (CEL) on the annunciator (fault) panel for
inactive codes, and the red stop engine light (SEL)
on the annunciator (fault) panel for active codes.
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a. If the light comes on and stays on, or stays on for
5 seconds and then goes out, proceed to step 2.

b. If light is flashing, then check for an intermittent

condition.

c. If light remains off; hold the CODE/TEST
switch in the TEST position to check LED
indicator lights. If light will then come on,
check for possible opens or grounds in system
wires and connectors.

2. Read out Diagnostic Codes by holding CODE/
TEST switch in the CODE position momentarily
and releasing.

a. If light is flashing out code(s), proceed to step 3.

b. If light remains on, but does not flash out any a

code(s), repeat step 1 to check operation of red
Stop Engine Light (SEL).

3. Note and record flash code(s).

a. Light is flashing out code 25, (two blinks, a 1/2

second pause, followed by five blinks) indicates

there are no codes set and system is functioning
normally.

b. Light is flashing out code 52 possibly followed
by other code(s). This indicates an ECM failure
(see code listing to identify other code(s) which
should also be serviced).

c. Light is flashing out code(s) NOT beginning
with code 52, proceed to step 4.
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6.4.3

EMDEC
Diagnostic Codes

d. No codes flashing; if problem persists, system
must be checked with PC Reader.

4. Go back to Step 1 to verify codes a second time.

NOTE:

The following code listing is presented for reference
only. The list of codes is also contained in the EMM for
engines equipped with EMDEC.

FLASH CODE 14 (SAE 175/3)
* Oil Temperature Sensor (OTS) input voltage to
the ECM is high.

FLASH CODE 15 (SAE 175/4)
* Oil Temperature Sensor (OTS) input voltage to
the ECM is low.

FLASH CODE 23 (SAE 174/3)
* Fuel Temperature Sensor (F'T'S) input voltage
to the ECM is high.

FLASH CODE 24 (SAE 174/4)
* Fuel Temperature Sensor (F'TS) input voltage
to the ECM is low.

FLASH CODE 25 (SAE N/A)
* No codes set.

FLASH CODE 32 (SAE 238/4)
* Stop Engine Light (SEL) circuit is open or
shorted to ground.

FLASH CODE 32 (SAE 238/3)
* Check Engine Light (CEL) circuit is shorted to
battery (+), and the ECM is unable to turn on
the Stop Engine Light (SEL).
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FLASH CODE 32 (SAE 239/4)
* Check Engine Light (CEL) circuit is open or
shorted to ground.

FLASIE[ &O]BoEo?thesréoEr %%@ input voltage to the
ECM is high.

FLASH CODE 34 (SAE 102/4)
* Turbo Boost Sensor (TBS) input voltage to the
ECM is low.

FLASH CODE 35 (SAE 100/3)
* Oil Pressure Sensor (OPS) input voltage to the
ECM is high.

FLASH CODE 36 (SAE 100/4

Oil Pressure Sensor (OP Sg input voltage to the

ECM is low. a

FLASH CODE 37 (SAE 94/3)
* Fuel Pressure Sensor (FPS) input voltage to the
ECM is high.

FLASH CODE 38 (SAE 94/4)
* Fuel Pressure Sensor (FPS) input voltage to the
ECM is low.

FLASH CODE 41 (SAE 21/0
Synchronous Reference Sensor (SRS) has

detected extra pulses, or Timing Reference
Sensor (TRS) has detected missing pulses.

FLASH CODE 42 (SAE 21/1)

* Synchronous Reference Sensor (SRS) has
detected missing pulses, or Timing
Reference Sensor ('TRS) has detected extra
pulses.
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FLASH CODE 44 (SAE 175/0)
* Oil Temperature Sensor (OTS) has detected
HIGH engine oil temperature (above safe
operating range).

FLASH CODE 45 (SAE 100/1)
* Qil Pressure Sensor (OPS) has detected LOW
engine oil pressure (below safe operating range).

FLASH CODE 46 (SAE 168/1)
* ECM has detected LOW locomotive battery
supply voltage (below required operating
range).

FLASH CODE 47 (SAE 94/0)
* Fuel Pressure Sensor (FPS) has detected HIGH

fuel supply pressure (above safe operating
range).

FLASH CODE 52 (SAE 254/12)

* ECM internal Analog to Digital (A/D) Conver-
tor has malfunctioned. NOTE.: This is an
intermittent condition usually caused by faulty
external electrical system.

FLASH CODE 53 (SAE 254/2 or 12)
* ECM unable to read (2) or update (12) an

engine data record (calibration, faults or

accumulators) stored in nonvolatile memory.

FLASH CODE 55 (SAE 248/8 or 9)
* Master ECM has stopped receiving status
information from one (or both) Receiver

ECM's.

OR
Receiver ECM has stopped receiving fueling
information from Master ECM.
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FLASH CODE 56 (SAE 250/12)
* ECM unable to transmit over data link circuit
due to an open or short in the wiring.

FLASH CODE 61 (SAE xxx/0) o
* Time from ECM request to turn on injector to

when injector solenoid valve closes, exceeds
high limit of expected range. Injector Subsystem
Identifier (SID) will indicate which cylinder

has injector with long response time. Wide
variations in response time at steady RPM
usually indicate electrical problem. Consistently
long response time may indicate sticking
Solenoid valve.

FLASH CODE 67 (SAF. 109/3 or 4)
* Coolant Pressure Sensor (CPS) input voltage to
the ECM is high.
OR
* Coolant Pressure Sensor (CPS) input voltage to
the ECM is low.

FLASH CODE 71 (SAE xxx/0)

* Time from ECM request to turn on injector to
when injector solenoid valve closes, is less than
the lower limit of expected range. Injector
Subsystem Identifier (SID) will indicate which
cylinder has injector with short response time.
Wide variations in response time at steady RPM
usually indicate electrical problem. Consistently
short response time may indicate sticking
solenoid valve.

FLASH CODE 75 (SAE 168/0)
* ECM has detected HIGH locomotive battery
supply voltage (exceeds required operating
range).
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FLASH CODE 81 (SAE 101/3)
* Crankcase Pressure Detector input voltage to

the ECM is high.

FLA,,:SEC DE 82 (SAE 101/4)

rankcase Pressure Detector input voltage to
the ECM is low.

FLASH CODE 83 (SAE 101/0)
* Crankcase Pressure Detector has detected
HIGH engine crankcase pressure (above safe
operating range).

FLASH CODE 84 (SAE 101/1)
* Crankcase Pressure Detector has detected LOW
engine crankcase pressure (below safe operating

range).

FLASH CODE 88 (SAE 101/1)
* Coolant Pressure Sensor (CPS) has detected
LOW engine coolant pressure (below safe
operating range).
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MAINTENANCE PROCEDURES

7.1 EMDEC Injector Change-Out and
Setting Procedures

7.1.1 Change-Out and Setting Procedures
for 710 Series Electronic Unit Injectors
(including timing procedures)

CAUTION:
r All shop safety rules and practice must be followed at

all times during this procedure.

7.1.1.1 Removing Existing Injectors From Engine

1. Apply the locomotive handbrake (locomotive
applications), shutdown the engine and
lockout the start switch. Open the battery
knife switch and remove the start fuse or
otherwise lock out the starting system.

2. Remove the two 7/16” hex-head bolts that

secure the oil jumper to the top  of the
camshaft bearing bracket and set them
aside.

3. Remove the two 1 1/2” nuts, washers, and
rocker shaft caps that hold the rocker arm

shaft to the rocker arm studs and set them
aside.

4. Carefully lift the rocker arm shaft assembly
up off the rocker arm studs and p lace it on
the top deck between the camshaft and rocker
arm studs.

5. Remove the flexible fuel jumper lines from
fuel manifold.
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NOTE:
Several jumper failures have been attributed to
mishandling. The injector should neer be handled
by the jumper lines.The proper way tohandle the
injector is bythe body.

Using a 5mm wrench or socket, disconnect
the two injector wire harness leads to each
injector.

Remove the 5/8” ¢rab nut and special washer
that secure the injector to the cylinder head

and set them aside. Remove the injector crab
and set it aside.

Making sure the adapter ring stays in the
cylinder head, carefully remove the injector
from the engine. After the injector is removed
from the engine, drain any unused fuel from
injector, cap the jumper lines, and place
injector in a suitable shipping container for
return.

Protect injector well to prevent foreign
material or debris from entering.

Installing New Injectors In Engine

Handling the injector by the body, carefully
install inthe cylinder head, taking care to

center it between the valves.

Record the two digit calibration code etched
in the top of the injector solenoid. This will
be required to calibrate the injector.

Position injector crab assembly. Using a
calibrated torque wrench, tighten the injector

crab nut to 50 ft-1b.
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4. Carefully reinstall the rocker arm assembly.
Using a calibrated torque wrench, tighten
each nut to 300 ft-1b.

5. Ensure the oil ]'umlJer asket is in Place.
Reinstall the two 7/16” hex-head bolts to

secure the jumper to the camshaft bearing
bracket. Using a calibrated torque wrench,
tighten the bolts to 7 ft-Ib.

6. Install new o-rings (P/N 40061536) in both

fuel manifolds connections.

7. Loosely connect the end of the supply jumper
(left) to the supply manifold (left upper).
Repeat for the return jumper (right) to the

return manifold.

— CAUTION:
If any clearance between the hose and other

machinery is found to be less than 1/8”, the hose
needs to be reset before tightening. 7
___ NOTE:

Two wrenches are required to tighten the ends of the
jumper lines. The jumper line will fail if twisted or kinked.
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10.

1.

Using a 3/4” open end wrench to hold the hex
of the swivel fitting on the supply line in
position, hand tighten the swivel nut to the
fuel manifold with a 15/16” open end wrench.

Repeat step 7 for the return line.

Using a calibrated torque wrench, tighten
each jumper manifold connection fitting to

40 ft-1b.

With one person at an emergency fuel cut-off
station, leak test the fuel system by operating
the fuel pump with the engine still shut down.
Particular attention should be given to the
jumper line connections at the injector body

and fuel manifolds.

NOTE:

If any leaks are observed, the fuel pump should be
immediately stopped by depressing one of the
Emergency Fuel Cut-Off switches.

12. Reconnect the two injector harness leads.
The solenoid is not polarity sensitive so
crossing the leads will not cause the injector

to malfunction. Torque the terminal screws on

the solenoid to 7 inch Ibs (0.6 ft Ibs).
NOTE:

The injector solenoid screw will not withstand excessive

torque. Extreme care should be exercised to prevent
breakage of the screw due to overtorque.
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13. Use the PCreader program to enter the
calibration code for the replacement injector.
Refer to Chapter 6 for the calibration
procedure.

14. After starting the engine, check for blow-by
between the injector body and the cylinder
head. Also ensure that the valve mechanism
is functioning properly and is adequately
lubricated.

7.1.13 Timing The Electronic Unit Injectors

1. Barengine over in the normal direction of
rotation until flywheel pointer indicates the
correct crankshaft position in degrees relative
to top dead center of the cylinder being
timed. Refer to setting instructions on
Injector Timing Plate (located on right rear

side of crankcase).
NOTE:

Always refer to the proper EMM and timing plate affixed
to the right rear corner of the engine for correct setting
procedures.

2. Slowly run each injector follower adiusting
screw down until it bottoms, then back off

1- 1/2 turns.
3. Tighten adjusting screw locknut while
holding adjusting screw in position with a

screwdriver.

4. Perform for each cylinder in the engine.
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7.1.2 Change-Out Procedure for H Series
EMDEC Fuel Pumps and Injector Nozzles

ﬁﬁsH;rgggf:ety rules and practices must be followed at
all times during this procedure.

7.1.2.1 Change-Out of Injection Nozzles

1. Apply the locomotive hand brake and shut
down the engine. Open the battery Knife
switch and lock out the EFCO with a lock
or tag.

2. Remove the rocker box cover from the

cylinder to be worked on. (figure 7.1)

Figure 7.1 Rocker Box Cover.
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3. Remove clamp from internal fuel lines using
3/8” ratchet and internal hex socket.

(figure 7.2)

Figure 7.2 Internal Fuel Line Clamp.

4. Disconnect high pressure fuel line from
pump and nozzle; remove line. (figure 7.3)

===

P

Figure 7.3 High Pressure Fuel Line.
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NOTE:

The rocker arm assembly is shown removed in the
following illustrations for clarity. DO NOT REMOVE IN
SERVICE CHANGE-OUT OF PUMP AND NOZZLES!

5.  Disconnect and remove nozzle bleed line.

(figure 7.4)

Figure 7.4 Nozzle Bleed Line.

6. Remove the two nozzle flange retainer bolts.

(figure 7.5)

Figure 7.5 Nozzle Flange Bolts.
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7. Remove nozzle and flange from cylinder
head with nozzle puller Part # 40080121 by
threading the puller onto the high pressure
fuel line connection. Slide the hammer

Portion upwards with a brisk motion to lift
he nozzle assembly.

CAUTION:
Ensure tool is held in line with nozzle and guard
against pinching hand between sliding and fixed
portions of puller. (figure 7.6)

Figure 7.6 Nozzle Puller.

8. Using new o-rings, apply nozzle flange to new
nozzle and insert assembly into cylinder head;

ensure assembly is fully seated.

9. Loosely start retainer flange bolts.

10. Apply injector bleed line between nozzle
flange and rocker box.
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7.1.2.2

1.

12.

13.

14.

15.

16.

Torque retaine r flan ge bolts per current
torque specs card.

Apply high pressure fuel line; torque per

reference card.

Apply internal fuel line clamp.

Close battery knife switch and run “Fuel
System Check” from the EM2000 computer.
Examine all fuel lines for evidence of leakage.

Rele ase EF CO swi tch and start e ngine.
Examine pump and nozzle for proper
operation; check for high pressure fuel
leakage correcting as required.

Replace rocker box cover.

Change-Out of Injection Pumps

___ CAUTION:

All shop safety rules and practices must be followed
at all times during this procedure.

__ NOTE:

The pump may be changed out at the same time as the
nozzle or as a separate unit.

Apply the locomotive hand brake and shut
down the engine. Open the battery Knife
switch and lock out the EFCO with a lock
or tag.
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2. Remove the rocker box cover from the
cylinder to be worked on. (figure 7.7)

=1
‘ b J

Figure 7.7 Rocker Box Cover.

3. Remove clamp from internal fuel lines using
3/8” ratchet and internal hex socket.

(figure 7.8)

Figure 7.8 Fuel Line Clamp.
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4. Disconnect injection pump wires and fuel
supply and return lines ant the pump. Secure
them back out of the way of further steps.

5. Disconnect high pressure fuel line from
pump and nozzle; remove line. (figure 7.9)

Figure 7.9 High Pressure Fuel Line Removal.
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6. Loosen the four fuel pump mounting bolts;
DO NOT REMOVE THE BOLTS FROM
THE PUMP AS THE WASHERS WILL
DROP INTO THE ENGINE!

NOTE:

The rocker arm assembly is shown removed in the
following illustrations for clarity. DO NOT REMOVE IN
SERVICE CHAN GE-OUT OF PU MP AND
NOZZLES!

7. Carefully lift pump, bolts, and pushrod from
cylinder head as an assembly. Do not drop

pushrod. (figure 7.10)

Figure 7.10 Injection Pump.

8. Apply pushrod, bolts, and washers to new
pump assembly.

9. Carefully set assembly into cylinder head

ensuring proper engagement of pushrod with
cam follower.
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10.

1.

12.

13.

14.

15.

16.

17.

18.

NOTE:

At the time this document was published the

H Series injection pump requires no adjustment.
However, in the future it is likely that you will be
required to enter a calibration code into the ECMs in
the same manner as with the 710 Series of engines.
There will be a two digit cal code stamped on the top of
the injection pump. Follow the same procedures as the
710 for loading the codes into the ECMS.

Tighten bolts in sequence until pump fully
seats in cylinder head.

Torque mounting bolts per reference card.

Apply wires to pump; note that these leads are
not polarity sensitive.

Apply high pressure fuel line to pum p and
nozzle; torque per reference card.

Using new o-rings, reconnect fuel supply and
return lines to pump.

Replace fuel line clamp.

lose by ife swit “Fuel
St R o S ENAIO Cornpier.
Examine all fuel lines for evidence of leakage.
Rele ase EF CO swi tch and start e ngine.
Examine pump and nozzle for proper
operation; check for high pressure fuel leakage

correcting as required.

Replace rocker box cover.
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7.2 TRS/SRS BRACKET APPLICATION AND
ADJUSTMENT (EARLY MODELS)

7.2.1 Checking The Sensor Airgaps

1) All shop safety rules and practices must
be followed at all times during this
procedure.

2) Apply the locomotive handbrake and
shutdown the engine. Open the battery
knife switch and remove the Start fuse.

3) Remove the door from the flywheel
guard in order to access the TRS
(outermost) sensor. Measure the airgap
from the closest timing spoke to the
sensor. It must be no larger than 0.150
inch. If necessary, open each of the
cylinder relief valves and bar the engine
over until a timing spoke is positioned in
front of the TRS sensor. Use gauge
P/N 40094650 to check the gap.

4) If the gap exceeds 0.150 inch, reset the
airgap by adjusting the 1/4 inch screw
located at the top of the bracket  (See
figure 7.11, page 193). Once the gap is
achieved, tighten the locknut located
beneath the adjusting screw securely
against the underside of the bracket.
Adjusting the TRS sensor will also
properly gap the SRS sensor.
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5) Adjust the bumper bolt so that is has a
0.050 air gap from the ring gear. Exercise
the TRS/SRS bracket and verify that it

returns to position and maintains the

orrect air gaps. If it does not, examine
ﬁ‘ne gracﬂ(e spring to maie sure 1t 18
compressed to 1.5 inches. If the spring is

properly compressed and the bracket does
not return to position, replace thebracket.

7.2.2 Replacing The TRS/SRS Bracket

1) All shop safety rules and practices must be
followed at all times during this changeout.

2) ﬁppl the l?comotive handbrake and

hutdown the engine. Open the battery
knife switch and remove the Start fuse.

3) Remove the four bolts that secure the
flywheel guard legs to the locomotive
mounting pads and set them aside.
Remove the guard and set it aside. (For
80MAC only, remove the starter motors
on the conductor’s side of the locomotive
to access the bracket).

4)  Open each of the cylinder relief valyes
and bar the engine until the flywheel

pointer is at the 0 degree mark.
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5) Disconnect the terminal connectors from
the TRS and SRS sensors. Remove the
two 1/2-20 bolts that secure the sensor
mounting bracket to the rear housing of
the engine and set them aside. Remove
the mounting bracket from the engine.
Remove each of the sensor mounting
screws (9420156) and both the TRS
(8929388) and SRS (8929387) sensors
from the bracket and set them aside.
Examine each for signs of damage and
replace if necessary.

6) Reapply the TRS and SRS sensors to the
new bracket using the self-tapping screws
from the previous assembly. The TRS is
the outermost s ensor. Position each o f
the spacers included with the new sensor
so that the smaller diameter neck fits into
the bracket slot. Mount the sensor
bracket to the rear housing making sure
the spacers remain between the rear 7
housing and the bracket, and tighten the
bolts hand-tight. With the flywheel
pointer at the 0 degree mark, adjust the
sensor position until the tip of the TRS
sensor is centered on the target spoke.
Using a calibrated torque wrench,

tighten the bracket mounting bolts to
65 ft-Ibs.
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7)  Set the air gap between the sensors and
the target plates to .150 inch by adjusting
the 1/4 inch screw located at the top of
the bracket (See figure 7.11). Once the
gap is achieved, tighten the locknut

ocated beneath tlte adjusting screw
securely against the underside of the
bracket. Adjusting the TRS sensor will
also properly gap the SRS sensor.

8) Adjust the bumper bolt so that is has a
0.050 air gap from the ring gear. Exercise
the TRS/SRS bracket and verify that it
returns to position and maintains the
correct air gaps. If it does not, examine
the bracket spring to make sure it is

compressed to 1.5 inch.

9) Connect each of the harness terminals
to the appropriate sensor (Note: these
sensors have keyed connectors and
cannot be reversed). Reinstall the
flywheel cover and tighten each of the
1/2-13 mounting bolts to 75 ft-Ibs using
a calibrated torque wrench.

10) Slowly bar the engine and check closely
for obstructions. Close each of the

cylinder relief valves and reinstall the
tart fuse. Upon engine startup, check

for any EMDEC diagnostic faults
resulting from the bracket change.
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Figure 7.11 TRS/SRS Bracket (Early Models).
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7.3 TRS/SRS BRACKET APPLICATION AND
ADJUSTMENT (LATE MODELS)

7.3.1  Setting SRS and TRS Sensors

An improved feature on the 16-710G3C-T2
engine is the mounting and accessibility of the
SRS and TRS sensors, Figure 7.12.

Figure 7.12 SRS and TRS Sensors.

These sensors provide basic position and speed
information to the EMDEC ECMs and as such

A6 kel B Re RS RS RARE Be W iodically

checked, ensuring that alignment and air gap is
correctly set. The adjust the sensors, use the
following procedures:

1. All shop safety rules and practices must be
followed at all times during this procedure.
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2. Apply the locomotive’s handbrake and shut
down the engine, turn off the fuel pump
breaker, lock out the EFCO switch in the cab
and tag the engine “DO NOT STARI™.

3. Slightly loosen the sensor bracket mounting
bolts as shown in Figure 7-13.

Figure 7.13 Sensor Bracket Mounting Bolts.

Adjust the bracket so that the TRS air gap to
the surface of the coupling disk is 0.050" £
0.010" as shown in Figure 7-14. Note that the

1518 samsproyilhhrrontrrad eysadha harrias

as shown in Figure 7-15. The air gap gauge
(40094650) should touch the metal surface of
the coupling disk.
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Air gaphetween TRI
and O oapling Suface

= (0007400107

Figure 7.14 Setting TRS Air Gap.

TR center shall be circum ferertially
within +0.1057 of certer of hole .

Figure 7.15 Sensor Locations.
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2. Tighten the 1/2"-20 bracket mounting bolts and
torque to 65 ft-Ibs (88 N-m).

3. Rotate the crankshaft until the SRS sensor is
aligned with theSRS target, as shown in Figure
7.16, and verify that the air gap is 0.050" /+0.(2.
20" /-0.010". If the gap is incorrect, repeat the
setting procedure.

Alr Grap = 0.0507
H1.0407 F-00107

Figure 7.16 Checking SRS Air Gap.
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7.4 70/80/90 MAC "PLATFORM STYLE"
FUEL SYSTEM CHECK VAIVE REMOVAL
INSTRUCTIONS

SRS IPRIREAYIRSY) 48237117

7.4.1 Instructions for Engines with Filters
Mounted on Front Right Corner of
Engine - 40 PSI Valve

1. All shop safety rules and practices must be
followed at all times during this procedure.

2. Apply the locomotive handbrake, shut down
the engine, open all Circuit Breakers and

open the Battery Knife switch.

3. Using the large filter wrench, remove the
outboard fuel filter and set it aside.

4. Using the snap-ring pliers, remove the
snap-ring that secures Item 6, #40053450
(Vendor #2410), as shown in Figure 7.12.
Use a long instrument with a barbed end
(such as a dental pick) to grab the inside of
the check valve and slide it out of the
manifold.

NOTE:

This check valve has an O-ring seal and will not
slide easily).

5. Thesize of the 40 psi and 120 psi check
valves are identical so it is important to verify
the part number before installation (as a
quick check, the 40 psi has a hole in the
relief valve, the 120 psi does not).
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6. Reinsert a new 40 psi check valve into the
manifold and replace the snap-ring using the
snap-ring pliers.

7. Reinstall the outboard fuel filter. Close the
Battery Knife switch and begin closing each

Circuit Breaker ON one at a time, making
sure the COMPUTER CONTROL
Circuit Breaker is last. Once the fuel pump
begins running, check the system for leaks.

7.4.2 Instructions For Engines With Filters
Mounted on Right Front Corner of
Engine - 120 PSI Check Valve

1. All shop safety rules and practices must be
followed at all times during this procedure.

2. Apply the locomotive handbrake, shut down
the engine, open all Circuit Breakers and
open the Battery Knife switch.

3. Using the large filter wrench, remove the
outboard fuel filter and set it aside.

4. Remove the plug, Item 9 shown in Figure 7.12
and set it aside.

5. Using the snap-ring pliers, remove the
snap-ring that secures Item 5, #40053449
(Vendor #2445), as shown in Figure 7.12.
Use a long instrument with a barbed end
(such as a dental pick) to grab the inside of
the check valve and slide it out of the
manifold.
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NOTE:

This check valve has an O-ring seal and will not
slide easily.

6. Thesize ofthe 40 psiand 120 psi check

valves are 1dentical'so it is important to verify
the part number before installation (as a
quick check, the 40 psi has a hole in the relief
valve, the 120 psi does not).

7. Reinserta new 120 psi check valve into the
manifold and replace the snap-ring using the
snap-ring pliers. Reinstall the plug and
retighten.

8. Reinstall the outboard fuel filter. Close the

Battery Knife switch and begin closing cach
Circuit Breaker ON one at a time, making

sure the COMPUTER CONTROL Circuit
Breaker is last. Once the fuel pump begins
running, check the system for leaks.
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Figure 7.17 Fuel Filter Assembly (For 70/90MAC “Platform
Style Engine”).
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7.4.3

Instructions For Engines with
Center Mounted Filters - 120 PSI
or 40 PSI Check Valve

1.

All shop safety rules and practices must be

followed at all times during this procedure.

Apply the locomotive handbrake, shut down
the engine, open all Circuit Breakers and
open the Battery Knife switch.

Using the large filter wrench, remove both
fuel filters and set them aside.

Remove the appropriate plug (40 psi outboard,
120 psi inboard) Item 5 as shown in
Figure 7.13, and set it aside.

Usipgithennapeeinehiersppippeitdbieck
valve, either item 8, #40053449 (Vendor
#2445) or item 9, #40053450 (Vendor #2410)
shown in Figure 7.13. Use a long instrument
with a barbed end (such as a dental pick) to
grab the inside of the check valve and slide it
out of the manifold (check valve has an
O-ring seal and will not slide easily).

Thesize of the 40 psi and 120 psi check
valves are identical so it is important to verify
the part number before installation (as a quick
check, the 40 psi has a hole in the relief valve,
the 120 psi does not).

Reinsert a new check valve into the manifold
and replace the snap-ring using the snap-ring
pliers. Reinstall the plug and retighten.

Reinstall the fuel filters. Close the Battery
Knife switch and begin closing each Circuit
Breaker ON one at a time, making sure the
COMPUTER CONTROL Circuit Breaker
is last. Once the fuel pump begins running,
check the system for leaks.
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Figure 7.18 Fuel Filter Assembly (For SOMAC).
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7.5 REPLACING EMDEC TERMINALS

7.5.1  Airbox Pressure (MAP) Sensor

L 1s7bsimreskalain AMBIA 2 hSGeR (HMD

terminals (this is the same tool that is used
on EM2000 terminals).

2. Slide the barrel over the terminal from the
front of the plug to depress its locking tabs
and pull the wire/terminal back from the rear
of the connector.

3. Remove the old terminal and strip the wire
back approximately three-sixteenths (3/16")

inch.

4. Slide the new terminal (#12089040) in place
and crimp to the exposed wire using tool
#12085271. Crimp the back portion of the

terminal to the insulation using tool

#12085270.

5. Reinsert the terminals into the appropriate
cavity in the connector from the rear and
push them forward until the locking tabs snap
into place.

PlugA Wireharness2Y
PlugB WireharnessE HC1P
PlugC Wireharness1W

6. Reapply the connector to the MAP sensor and
verify its operation using the PC reader. The
Allowed Torque should be 100% and an
airbox pressure reading should be displayed.
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7.5.2 Engine Protector

1. Slide the white end of terminal extraction
tool #40003920 over the wire and push the

tool into the rear of the connector as far as
possible. Place a firm grip on both the wire
and the tool and carefully slide the terminal
from the rear of the connector. Cut the old
terminal from the wire.

2. Strip back each of the three harness wires
approximately .25" inch. Position each of the
three female terminals (Plug Kit #40063588)
on the appropriate wire. Before crimping the
terminal, look through the inspection hole on
the terminal to make sure the wire is visible.

Crimp the terminal in ]%lace using either tool

#40051636 or #40052278. Use the ~ blue
portion of extraction tool #40003920 to insert
each of the terminals into the appropriate

cavity in the connector. Numbers appearing
after the 2Y or IW wire tag are splice 7

numbers and can be ignored.

PlugA Wireharness2Y

PlugB WireharnessEHC1IN

PlugC Wireharness1W
NOTE:

The application of isopropyl alcohol to each terminal as
a lubricant eases the insertion of the terminal through
the rubber seal in the plug.
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3.

Visually inspect the front of the plug to verify
that the three terminals are seated to the same
depth. Screw the backshell to the plug making
sure the slot on the plug faces up and the

backshell faces down.

Connect the sensor harness plug to the engine
protector. Close the ENGINE CONTROL
Circuit Breaker, note any Crankcase Pressure
diagnostics and clear them out. Start the
engine and verify protector operation by
placing a hose over its vent hole and creating
suction to simulate a crankcase pressure
condition. Once the crankcase overpressure
button trips mechanically , the EMDEC
system should shut down the engine in two

((‘Z) seconds. Clear out the Crankcase Pressure
1agnostics.

Remaining Sensors And All Connectors
Into The ECM

Disconnect the plug and position it so that it
faces the operator. Use a pointed tool such as
an awl or pick to remove the terminal.
Position the to ol underneath the terminal,
between the terminal and the connector. Pick

up on the terminal and pull it forward out of
the connector.

Remove the old terminal and strip the wire
back approximately three-sixteenths (3/16")
inch.
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3. Slide the terminal in place and crimp to the
exposed wire using tool #12085271. Crimp
the back portion of the te  rminal to the
insulation using tool #12085271.

4. Reinsert the terminals into the appropriate
cavity in the connector from the rear and
push them forward until the locking tabs snap
into place.

7.5.4 Power And Sensor Harness Connectors
- 12 Cylinder Engines

1. Slide the white end of terminal extraction tool
#40052279 over the wire and push the tool
into the rear of the connector as far as
possible. Place a firm grip on both the wire
and the tool and carefully slide the terminal
from the rear of the connector. Cut the old
terminal from the wire.

2. Strip back each of the three harness wires
approximately .25" inch. Position each of the
female terminals on the appropriate wire.
Before crimping the terminal, look through
the inspection hole on the terminal to make
sure the wire is visible. Crimp in place using

Bl AU e atidke o el lppragtian aft

the terminal is seated against the tip. Insert
each of the terminals into the appropriate
cavity until they are seated in the connector.

NOTE:

The application of isopropyl alcohol to each
terminal as a lubricant eases the insertion of the
terminal through the rubber sealin the plug.
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7.5.5

Visually inspect the front of the plug to verify
that the terminals are seated to the same
depth. Tug lightly on each wire at the rear of
the plug to ensure the terminals are properly

seated.
Reconnect the plug and verify operation by

noting data from the system is displayed on
the EMDEC Reader.

Sensor Harness Connector
- 16 Cylinder Engines

1.

Use an AMP #305183-R (EMD #9576512)

extraction tool to push the terminals out the

rear of the plug.

Stripbackeach ofthe harness wires
approximately .25" inch. Position each of the
sockets (#40024951) on the appropriate wire.
Before crimping the terminal, look through
the inspection hole on the terminal to make
sure the wire is visible. Crimp the terminal in
place using either tool #40051636 or
#40052278.

Reinsert the terminals into the appropriate
cavity in the connector from the rear apd
pusftlyt hem forward until the locking tabs snap
into place.

Visually inspect the front of the plug to verify
that the terminals are seated to the same
depth. Tug lightly on each wire at the rear of
the plug to ensure the terminals are properly
seated.
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7.5.6 Power Harness Connector
- 16 Cylinder Engines

1. Use an AMP #91019-3 extraction tool to push

the terminals out the rear of the plug.

2. Strip back each of the harness wires
approximately .25" inch. Position each of the
terminals (#12077413) on the appropriate
wire. Crimp the terminal in place using AMP
tool #69710-1. Slide the terminals into the
appropriate cavity in the connector from the
rear and push them forward until the locking
tabs snap into place.

3. Visually inspect the front of the plug to verify
that the terminals are seated to the same

fleptli g b dightly gn ach wvise af the rean of
seated.

7.5.7 Pig-Tail lemperature Sensor Plug

1. Cutthe existing plug off the wire harness,
one wire at a time and identify each wire.
Slide a wire seal over each wire (wide end
first) far enough down so as not to impede the
crimping process.

2. Strip the insulation back approximately
.25"inch and install the new terminals

(#12048074) on each wire using a #12085271
tool to crimp the terminal to the wire. Slide
each wire seal up towards the terminal until
the narrow end fits into the tangs at the end
of the terminal. Use tool #12085270 to crimp
the terminal to the wire seal.
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3. Insert each terminal into the rear of the plug
until it is fully seated and engaged. The A
Terminal is on the sensor common wire

typically identified on the wire as  EHC2Y

fter EHC2Y is li
HLH% ]élrmag((alrsilgﬁllahge 1gn%red ’Th P lﬁe
Terminal should be inserted into the
remaining cavity.

4. Check for terminal engagement by resistance
to a gentle pull on each wire. Slide the wire
seal down each wire and push it into the rear
of the plug.

5. Install the plastic secondary lock onto the
back of the plug. Install the lock so the
tched sid 11 th lded
RERNSTH R R
secondary lock prevents the wire seals from
pulling out of the plug.

7.5.8 AMP Plugs At Power Supply And Interface
Board

1. Usean AMP #305183-R (EMD #9576512)
extraction tool to push the terminals out the
rear of the plug.

2. Strip back each of the harness wires
approximately .25" inch. Position each of the
terminals (#9555811) on the appropriate wire.

Crimp the terminal in place using AMP tool
#90310-2.
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3. Reinsert the terminals into the appropriate
cavity in the connector from the rear and
push them forward until the locking tabs snap
into place.

4. Visually inspect the front of the plug to verify
that the terminals are seated to the same
depth. Tug lightly on each wire at the rear of
the plug to ensure the terminals are properly
seated.
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TROUBLESHOOTING

8.1 INTRODUCTION

The purpose of this guide is to describe the probable
causes and suggest responses to troubles that may
occur during the operation of an EMD diesel engine
equipped with the Electro-Motive Diesel Engine
Control (EMDEC) system. To derive the maximum
benefits from this guide, it is recommended that the
reader refer to the Table of Contents to locate the fault
condition or specific area of interest that best describes
the problem. The sections pertaining to this condition
should be read in the sequence in which they appear,
and all references to other possible related causes or
conditions should be reviewed. Additional information

peatateingte thd s sidaetienging be found in
the Diesel Engine Troubleshooting Guide, Engine
Maintenance Manual or in Maintenance Instructions

(M.Ls).

— NOTE:

To ensure compliance with emission standards, only
O.E.M. certified replacement parts can be used. Refer to
the applicable service parts catalogue for ordering
reference.
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8.2 General Engine Troubleshooting

8.2.1 ENGINE CRANKS - WON'T START

8.2.1.1 Check Switch Positions

e  Check that Engine Control Circuit Breaker
is closed.

®  Make sure the “MU Engine Stop” switch is
in the “Run” position.

®  Make sure the “Emergency Fuel Cutoff”
button is not pushed in.

e  Make sure the “Injector Run” switch is in the

Runs pasition. (Notey this is g nopmally gpen
switch must be pulled out before changing
position).

8.2.1.2 Check Power Info EMDEC

e Checkfora green light on the power supply.
If no light, or a red light is present.

8.2.1.3 Check Battery Voltage

®  Make sure the starter motors are sufficiently
cranking the engine. Battery voltage should
be at least 60 to 65 volts. The EMDEC
system will not allow the electronic injectors
to meter fuel into the power assemblies until
the crankshaft is turning at least 30 rpm.
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8.2.1.4 Check Fuel Pump Operation

®  Verify that at least 60 psi of fuel pressure is
present in the system. Reference Chapter 6

for 1struction on CE‘?\?ﬂﬁ“ﬁf“el ressure
rea ngs using he rea

e Ifthe fuel pump motor is turning slowly or
not at all, refer to the appropriate electrical
schematic diagram to troubleshoot the fuel
pump motor circuit (Note: low battery voltage
can cause erratic fuel pump operation).

8.2.1.5 Check Magnetic Pickups (TRS/SRS)

bR Bt e
of the engine. Note: SDSOMAC locomotives
have the sensors mounted on the right side of
the engine beneath the electric starter
motors. If damaged, change out and restart.

®  Check the airgap between each sensor and a

the target plate. Each gap should be 0.150
inch.(Note: the SRS airgap appears larger,
but it should be measured against the
Position Indicator Pointer (PIP). In later

@6dRF2aemiznpr oy elfied ta e ogafhio k' 10
surface of the coupling disk is 0.050”, 0.010”.
The air gap gauge (40094650) should touch
the metal surface of the coupling disk and
SRS should be aligned with SRS target and
verify that air gap is 0.0507/10.0207/-0.010”.
Reference 7.2 - TRS/SRS Bracket
Application & Adjustment (Early Models)
and 7.3 TRS/SRS Bracket Application &
Adjustment (Late Models) for instructions
as to how to adjust the airgap.
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e Ifthe sensors are not damaged, open the
Engine Control circuit breaker and
disconnect each plug and check the
resistance across each sensor. The resistance

should be between 100 & 200 ohms. If not,
replace the sensor and restart.

e Ifthe sensors are okay, check the wire harness
for a short. Reference 8.5 - Troubleshooting
TRS & SRS for instructions as to how to
troubleshoot the TRS/SRS circuit. (If
available, use the TRS/SRS simulator box.)

8.2.1.6 Check For Active Communication Failures

e Ifequj ith t : ial link, ref
SR ableshooting The Two-Way Sertal
Link for troubleshooting tips.

8.2.1.7 Check Plug Connections

e Check both the Powerand Sensor harness
plug connections into each ECM to make
sure they are properly seated and tight.

¢ Check the Powerharness plug connections

into the AC Cabinet to make sure they are
properly seated and tight.
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8.2.1.8 Check For Injector/Sensor Harness Grounds

Disconnect the injector harness plugs, one at

a time, from the Receiver ECM and try

eestargingotsgroudidid by e CORKI SRS signal.
If okay, replace the receiver injector harness
plugs and disconnect each injector harness

plug from the sender ECM, one at a time.

Try restarting. If okay, continue the process by
unplugging and replugging each sensor to see

if a sensor is grounded.

Check each of the eight rubber ECM
isolator mounts. If the ECM is

grounded to the crankcase, it will
disturb the TRS/SRS signal.

Using EMMON, check the injector
response times and pulse width during
cranking to see if injectors are
attempting to fire.

8.2.1.9 CheckTurbocharger

Verify the turbocharger impeller is
turning while the engine is being
cranked. If not, consult the EMD
Diesel Engine Troubleshooting
manual for turbocharger inspection
instruction. A failed turbo will not

allow the engine to start due to lack of air.

8.2.1.10 Replace ECM Module

If the above checks fail to identify the

problem, it is likely that the Sender ECM is

bad. Replace and reprogram the Sender
ECM.
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8.2.2 UNIT NOT MAKING HORSEPOWER
8.2.2.1 Check The EngineR Value

* Entouths Lresrmmabla Mstreotthsiner”
value. A typical EngineR value will be some
number between .82 and .875 in throttle
eight. The lower the EngineR value the
better. A number higher than .875 will cause
the load regulator to back off and indicate that
the engine has a problem and is overfueling.
If the EngineR value is greater than .875 and
LR7%ZMAX is less than 100%, proceed to the
next step. If the load regulator is backing off
and the EngineR value is lower than .82, the

grginedshealtipinlhe slestricalpupismamy

investigated.
8.2.2.2 Check The Individual Injector Response Time

NOTE:
The injector response time is defined as the amount of
time it takes for the armature/control valve to open when
the ECM energizes the solenoid. The normal response
time range is approximately 1.2ms to 1.6ms.
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* Aninjector that is not metering fuel has a
default reading of .55ms. If the injector
response time is .55ms, replace the injector.
Refer to the Injector Changeout Procedure in

ChaPteI 7 for c]han cout instructions. For
instrictions on how?o view injector response

times using the EMDEC Reader refer to
Chapter 6. If injectors 1-8 are blank, try
cycling the fuel injection switch.

8.2.2.3 Check The Inlet Fuel Pressure

e Check the Fuel Inlet pressure value. If the
value is below 60.0 psi in throttle eight, check
the 50 psi check valve located in the #1 fuel
sightglass (for 70 Platform/80/90 series

locomotives).

e IfFuel Inlet pressure is okay, check the #2
sight glass in throttle eight to see if fuel is
bypassing

e Ifthe fuel is bypassing in throttle §, replace a

the two spin-on fuel filters and the primary
fuel filters.

° thglgdhe strainer to make sure it is not

e Iffuel continues to bypass, replace the
130 psi check valve located in the #2
sightglass (for 70 Platform/80/90 series

locomotives).
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8.2.24 Check Plug Connections

e Check both the Power and Sensor harness
plug connections into each ECM to make

sure they are properly seated and tight.

8.2.2.5 Check The Airbox Pressure Sensor
(MAP Sensor)

e Ifthe check valves are okay, check the
“Allowed Torque or % Allowed Torque” value
on the EMDEC reader. It should be at
100%. If the value is lower than 100%, the
MAP sensor is limiting fuel because of
inadequate airbox pressure. If the allowed

e thHApRssbibs stk
anyway. If it is damaged or clogged, replace
it. A damaged or clogged hose can result in a
20% loss in horsepower. Typically, the turbo
will not come off the geartrain and the load
regulator will back way off.

e Ifthe hose is okay, check the MAP sensor
wiring and plug, if okay, replace the MAP
sensor and verify whether the horsepower has
returned. If not, consult the Diesel Engine
o salselin Stigin o e ebisps s to
pressure remains low.
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8.2.2.6 Check The Injectors

®  Open the top deck covers and inspect each of
the injector stator/ wire harness connections

to make sure they are properly seated and
tlgm. lé:;heck ftor %{orelg]% 1 ate%aﬁsuch as a
loose fuel line L.D. tag) that can contact the
terminals causing intermittent problems.

e Ifthe unit still remains low on horsepower,
perform an injector cutout test. Refer to
Chapter 6 for instructions as how to
perform an injector cutout test.

e Ifthe cutout test does not highlight the
suspect injector, inspect the top of each
piston for signs of a wet crgwn. To check the
piston crown, remove the Start fuse an& open
the CRV valves. Make sure the fuel pump is
running. Bar the engine over until the top of
each piston is visible through the liner port.
The system fuel pressure will cause fuel to

leak if the injector tip is damaged. a

8.2.3 UNIT LOADING AT 90%

8.2.3.1 Check For EMDEC Communication Faults

e  Fxamine the EM2000 and see if an EMDEC
communication failure fault is an active crew
message.

e Enter the Programmable Meter on the
EM2000 screen and pull up the “EngineR,
ECMON, ECFail and EDFail” value.
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Verify that the “EngineR” value exists and
continues to change rapidly. The value
should range from .1 to .8§75. ECMON
should be ON, ECFail should be OFF (if
Mould e BHE! (FOR e Shgnostc ik
is failed).

If no value is displayed, the EMDEC system
and EM2000 are not communicating and the
load regulator will back off to 90%. The

serial link must be traced to find the source

of the disconnect or ground. Refer to the
appropriate electrical schematic drawing to
identify the proper serial link connections.

If equipped with two way serial link refer to

B.inhk I'roubleshooting The Two-Way Serial

If a problem with the wiring is not found, the
EMDEC interface board should be replaced.
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8.2.4 THROTTLE REQUEST PROBLEMS
8.2.4.1 Check The EM2000

*  HhaENH iR hermgitr i ssnbnue

because the interface board will be receiving
a “no valve” signal.

e Ifthe EM2000 is not failed and one or more
throttle valve requests are not being acknow-
ledged, check each of the DIO modules in
the EM2000 chassis to make sure they are
properly seated and tight. Note: units with
two-way serial link will not have the valve
requests. Instead, an engine speed request is
used (EgSpRq). Verify that the EgSpRq in
the EM2000 matches the RPM request in
EMMON.

8.2.4.2 Check The Connections At The Interface
Board

e Using EMMON, place the unit in throttle 6 a
and verify that the valves ABCD are all ON.

If not, check appropriate string. Note: If
equipped with two-way serial link look at the

RPM setpoint in EMMON versus the RPM
(EgSpRq) request sent from EM2000.

® Reference Chapter 6 for instructions on
accessing Governor Valve signals. This can be
further verified by removing the L plug from
the interface board and using a voltmeter,
check for approximately +0V input to the
requested valve(s) (A,B,C & D valve to rpm
information can be found in the locomotive
electrical schematics). If +74V is registered
on the voltmeter, the valve is de-energized.
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The valve locations are as follows:

L1 -Avalve
L2 -Bvalve

[ -vale

L11 - Negative

If approximately +0V is not coming into the
requested valve location, verify the
functionality of the EM2000 DIO module

and controller microswitches.

If approximately +0V is present, reconnect
the L plug and remove the metal plate that
covers the Sender ECM. Disconnect the

or aprosimately <13 5t e desired vave by
placing one lead of the voltmeter into the
desired socket and touching the other lead to
the metal skin of the ECM. The ECM is
isolated so it is important that the other lead
not touch carbody ground, such as the metal
cover. The following socket locations on the
VHC connector match governor valves:

VHCIE - A valve
VHCIH - B valve

VHC2H - C valve
VHC2K - D valve

If the desired valve is not de-energized,
replace the interface board. If it is, replace the

ECM.
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8.2.5 PROTECTIVE ENGINE SHUTDOWN

8.2.5.1 Protective Engine Shutdown - Crankcase
Pressure

— NOTE:
The crankcase pressure detector will tell EMDEC to
shutdown the engine if it sees either: A crankcase over
pressure condition for two (2) consecutive seconds, or a
wiring fault condition for thirty-two (32) consecutive
seconds.

1) Check The Button On the Crankcase Pressure
Device

e Ifthe button is popped, a crankcase pressure

ndition exists. Refer. to the Diesel
ﬁ%gme %rou?)tfes]i{lootmg &LuEdlé/I \gr
instructions on troubleshooting a crankcase
overpressure condition.

e [fthe button is functioning correctly and has
not popped, an electrical fault has occurred
either in the EMDEC system itself or in the
crankcase pressure device and resulted in a
spurious shutdown. Refer to 8.6 -
Troubleshooting Sensor Circuits for
instructions on how to troubleshoot an

electrical fault in the crankcase protection
circuit.
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8.2.5.2 Protective Engine Shutdown - Coolant
Pressure

—— NOTE:
The coolant pressure sensor will tell EMDEC to

shutdown the engine if it sees either: A low water
pressure condition for ten (10) consecutive seconds, or
a wiring fault condition for forty (40 consecutive seconds.
The EMDEC system will not shutdown the engine for low
coolant pressure in Idle.

1) Check The EM2000 Archive

e Examine the EM2000 archive and verify
whether a Hot Engine fault has occurred that
would indicate a coolant problem. Note

throttle position, water temperature and
shutter/fan faults that would be indicative of

cooling system problems.

2) Check The Cooling System

®  Check the water level. If the water level is
low, inspect the coolant system for obvious
leaks. If the water level is not low, check
cooling fan operation and direction.

*  (hecldhr vomhlina thabevignssoan Nske

sure it is not damaged or kinked.
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e Ifnodefectisfound but the unit is obviously
losing coolant, refer to the Diesel Engine
Troubleshooting Guide for instructions on
troubleshooting coolant leaks. Perform a low

ressure leak test on the entir ter
Bnc uding the air compressor 3 Mo leak is
apparent, perform a high pressure leak test on
the engine to uncover any internal leaks.

e Ifthe water level is okay and no leaks are
apparent, check within EMMON for coolant
related faults. Refer to 8.6 - Troubleshooting
Sensor Circuits for instructions on how to
troubleshoot the coolant pressure sensor
circuit.

8.2.5.3 Protective Engine Shutdown - QOil Pressure

— NOTE:
The oil pressure sensor will tell EMDEC to shutdown the
engine if it sees either: A low oil pressure condition for
ten (10) consecutive seconds, or a wiring fault condition
for forty (40) consecutive seconds. Upon start up, oil
pressure is ignored for 60 seconds.

1) Check The EMDEC Archive

e Usinga EMDEC Reader, check the
EMDEC fault archive. If the fault display
is a wiring fault such as signal voltage high/
low, refer to 8.6 - Troubleshooting
Sensor Circuits for troubleshooting
information. If the shutdown is for low oil
pressure proceed with the following checks.
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2) Check The Lube Oil System

Check the main lube oil filter tank drain
line shutoff valve and make sure it is

closed. If not, close it and‘ restart the
engine to verify proper ol pressure.

Check for adequate oil level in the engine
oil pan.

Check the lube oil line feed line to the
pressure sensor. This feed line is located
inside the top deck on the right side of the
engine, near top of the headframe. Make
sure it is not kinked or disconnected.

Check for lube oil dilution by fuel.
It tuel is found:

¢ Checkall fuel jumper lines to the
injectors for breaks or damage.

e Inspectall brazed joints in the top deck
fuel manifold and check all manifold
pipe plugs for leakage.

e Check injectors for leaks.

¢ Check for piston rings which are not free
to rotate in the piston groove.

e Pressure test as required to isolate the
source of the leak.

¢ Inspect the main bearings for damage

and replace as necessary.
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® Replace the lube oil if required.
Verify that the oil pressure value changes
when the throttle position is changed.
With the engine oil hot, verify that the
ail pressure value decreases with each
throttle setting reduction. It the of
pressure reading does not change when
the throttle is moved, change the sensor.
It may be desirable to replace the sensor
with new to verify the low oil condition.
Note: when the engine is cold, the oil
pressure value will be higher at each
throttle setting until the oil heats up and
becomes more viscous.

If no defects are found at this point, refer to
8.6 - Troubleshooting Sensor Circuits for
instructions on troubleshooting the oil
pressure sensor circuit with data valid but
above/below range. It is possible the sensor is
hard-failed at a low pressure reading.

Change the turbocharger soakback filter
and examine the check valve for proper
orientation.

Remove all oil pan handhole covers.
Visually inspect the piston pins, the
external surfaces of the main and
connecting rod bearings for evidence of
overheating and look for missing or loose
components.
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e  Operate the engine at idle. Remove the
crankcase pressure detector, but leave the
MAP sensor mounted to its cover. Check
the oil pressure relief valve for excessive oil
loss (some leakage ma bcierldemf but it
should not be ibypass). If the valve 1s
found to be stuck open, it should be
replaced.

®  Check the rear gear train for oil line
problems:

e Use the recommended tool to check the
clearance in the No. 1 idler stubshaft
bushing. Inspect the interior of the end
housing for debris under the gear train.

e  Remove the auxiliary generator drive or the
cover plate on the rear right bank. Inspect the
manifold piping to the turbocharger filter for
loose or missing components or seals. Make
sure that the upper pipe plug is installed in
the gauge line connecting block and inspect
the camshaft manifolds.

e [fall the above conditions are found to be
within specification, remove and requalify
the main oil lube pump.
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8.2.5.4 Protective Engine Shutdown - Oil
Temperature

— NOTE:
The oil temperature sensor will tell EMDEC to shutdown
the engine if it sees a hot oil conditionfor sixty (60)
consecutive seconds. This sensor ill not shutdown the
engine for a wiring fault condition but will log a “Check
Engine Fault” in the EMDEC archive.

1) Check EM2000 Fault Archive

e Checkthe EM2000 fault archive for
shutdown information. If the archive
information indicates that the oil could
have been above the safe operating range,
(i.e. hot engine water) check the engine
for the source of the hot oil condition. The
oil temperature should normally be
approximately 15 to 20 degrees hotter than
the coolant temperature. Note: if the
locomotive has been run in tunnel service,
this shutdown maybe a result of this service
and not a cause for concern. Perform a
load test on the unit to verify the hot oil
condition has cleared. If the unit has not
been in tunnel service and a hot oil
condition is indicated, reference the Diesel
Engine Troubleshooting Guide published
by EMD for further information on
troubleshooting the condition.
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2) Check EMDEC Fault Archive

If the archived fault indicates an electrical
problem such as signal voltage high or low,
refer to 8.6 - Troubleshooting Sensor
Circuits for information on troubleshooting
the oil temperature circuit.

If EMDEC displays an “Oil Temperature
Data Valid But Above Normal” fault, but
indications are that the fault is suspect,
note the EMDEC failure information and
clear the EMDEC faults.

Disconnect the connector from the sensor
and examine both for corrosion or damage.
If corrosion is evident, replace both the
terminals and sensor. If none is evident,
proceed to the next step.

Restart the engine and monitor the oil
temperature. If possible, load test the unit
to see if the condition repeats.

The sensor can be checked by unplugging
the connector and noting the oil
temperature on the reader. Using a
voltmeter, check the resistance across the
two sensor pins and verify whether it falls
within + ld)percent of the resistance/
temperature curve on the graph in

8.6 - Troubleshooting Sensor Circuits.

If the sensor resistance is within tolerance,
refer to the appropriate electrical schematic
and check the sensor wiring harness for an
open or short.
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8.3 Troubleshooting EMDEC Power Supply

8.3.1 No Lights On 24V Power Supply

¢ Check that the battery knife switch is closed.

e  Checkthat ENGINE CONTROL Circuit
Breaker is closed.

e Disconnect and check PI plug. Pins 1 & 2
should be +74V. Pins 5 & 6 should be -74V.

e Ifpower is present, check the pins for
corrosion. If pins are okay, change the power
supply. If power is not present, refer to the
locomotive wiring diagram and trace the

wiring back for the source of possible
disconnect or open.

8.3.2 Red Light Glows on 24V Power Supply

The red light indicates a protective shutdown has a

occurred. This can be attributed to either
overvoltage on the input side or overcurrent on
the output side.

¢ Cycle the ENGINE CONTROL Circuit
Breaker and check if the light has returned to
green. If green, the power supply is okay and
the condition that made it shutdown has
disappeared.
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Ifthe light remains red, disconnect the PO
plug from the power supply and cycle the

Engine Control circuit breaker. If the light
remains red, there is no short on the output

side ofthe ppwen sipphyherelore the power

Ifthe light turns green, but goes back to red
upon replacement of the PO plug, disconnect
the power plug from each ECM at the ECM
one at a time. If the problem disappears, the
respective ECM is the source of the problem.
If problem persists after disconnecting the
ECM power, disconnect the P plug from the
locomotive Interface Board. If problem
continues disconnect the blue PS and PR1
to ach PERT controller shd cheblor PP
short. If okay, check wiring from PO plug to
Interface board.
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8.4 EMDEC Wiring Visual Inspection

In cases where EMDEC wiring is suspected of
creating fault conditions, perform the following visual

inspection of the suspected wiring harness to identif
thePfoot cause. P wirnng y

8.4.1 Open Circuit

1) Visually inspect connection points
to wires.

2)  Check for bent or recessed pins.

3) Check for chafed or damaged insulation
(including protective looming) where

wires may be broken.

4)  Check for corroded pins on harness as
well as mating part connector.

8.4.2 Short Circuit

1) Check for degraded, chafed, or damaged a
insulation (including protective looming)
where conductive wires may be exposed
and touching each other.

2)  Check for conductive debris or liquid
causing short circuit between connector
pins.

3) Check for bent or retracted pins causing
short circuit.
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8.5 Troubleshooting TRS & SRS

8.5.1 Troubleshooting the TRS/SRS Sensor Circuit

y

2)

Cl%leck that the TRS/SRS air gap is

within spec.

Openthe ENGINE CONTROL
Circuit Breaker and remove the EHC
connector from both the sender and
receiver ECM. It is recommended that
the metal plate the covers the ECM be
removed to provide easier access to the

EHC.

If a simulator box is available, check to
see if the problem lies with the sensor or
the harness. If a simulator box is not
available, please troubleshoot using the
following steps.

To troubleshoot the TRS circuit,
disconnect the plug to the sensor and
measure the resistance across Pin 1T and
Pin 2T on the EHC connector on the
sender ECM. If it is less than or equal to
10,000 ohms, the wire harness is shorted.

Re-plug the connector to the sensor and

theasioelb@ sbsistanheck ihisgreater

harness for open.

Disconnect the plug from the sensor.
Place a jumper between Pin A and Pin B
to short out the plug at the sensor. Check
the resistance across Pin 1T and Pin 2T
on the EHC on the sender ECM. If it is
greater than 5 ohms, the wire harness is
open.
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7)  Check the EHC on the Receiver ECM

using the instructions above.

8) o troubleshoot the SRS circuit,
di t the plug to th 1
measure the redistanice across Pin 15 and
Pin 2S on the EHC connector on the
Sender ECM. If it is less than or equal to
10,000 ohms, the wire harness is shorted.

9) Replug the connector to the sensor and

measure the resistance. If it is greater
than 10,000 ohms, check the wire

harness for open.

10) Disconnect the plug from the sensor.

Place a jumper b tweenhPm Aand Pm
to short out the plug at the sensor. Chec

the resistance across Pin 1S and Pin 2S

on the EHC on the sender ECM. If it is
greater than 5 ohms, the wire harness is
open.

11) Check the EHC on the Receiver ECM G

using the instructions above.

12) 1If the above checks do not solve the fault,
check the injectors for an internal ground

and the injector harness for grounds.

13) Check to make sure the ECM’s are not
grounded to the carbody. Often the
rubber isolation mounts are missing

causing a grounded ECM.

EMDEC Operating & Troubleshooting Guide 241



8.6

8.6.1

Troubleshooting Sensor Circuits

General Information

Listed below are acce'@[table voltage readings for
sensors used in the EMDEC System, when the engine

is “dead.” This information is available in EMMON
or WinEMMON when the user presses the “F5”
Function Key:

e Typical range of the offset voltage for the 58
psig (in early EUI applications used for Turbo
Oil Pressure, Coolant Pressure and Fuel
Pressure), 87 psia (MAP Sensor on H-Engine
and Sensor Box equipped engines) and 100
psig sensors (Coolant Pressure, Turbo Oil
Pressure and Fuel Pressure (in some models))

is 0.43-0.56 VDC.

e Typical range of the offset voltage for the 200
psia sensor (Fuel Pressure Engine-In, Fuel
Pressure Filter-In Engine-In, Fuel Pressure
Filter-In, Oil Pressure Engine-In, Oil
Pressure Filter-In) is 0.73 - 0.79 VDC.

Defective sensors can be uncovered with a probability
near 100%, by testing the device’s output vs. pressure
(engine off, Engine Control Break is on, then testing

again at THS, full load).

A final tip - if a sensor’s output appears to drop
exponentially while monitoring the parameter on
EMMONxx, WinEMMON or via the EM2000
Display, check for obstructions in the sensor’s hose
assembly or sensor’s port for clogs before permanently
removing the suspected failure.
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8.6.2 Troubleshooting The Crankcase Pressure
Detector Circuit Switch Output

PID xx Data Valid But Above Normal

Where xx Represents the EMDEC Fault Code

____ NOTE:
A signal voltage of 0.66 volt will be sent to EMDEC when
the crankcase pressure detector button is tripped. The
microswitch on the detector sends a signal voltage to the
ECM of 2.3 volts when the button is latched. The EMDEC
system will shutdown if a data valid fault is detected for
0.2 seconds. If an overvoltage or undervoltage condition
occurs continuously for 40 seconds in the sensor circuit,
EMDEC will shutdown the engine.

1) Check within the EMDEC reader
program EMMON for the following
ACTIVE fault:

PID xx - Data Valid but
above Normal

Where xx can be: 42

Crankcase Pressure - LB ﬂ
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2)  This fault could indicate that a true
Crankcase Over Pressure situation has
occurred. Look at the Crankcase
Pressure Detector button to see if it is
ﬁopped out. Jf the button is popped out,

hen proceed with the proper engine
mechanical troubleshooting and safety
procedures found in Diesel Engine
Troubleshooting Guide. If the button is
NOT popped out, then troubleshoot for
an electrical fault in the respective
harness branch and / or the detector itself
listed below. Make sure that the button is
not sealed into place. If the button is
seized, replace the detector device.

3) Ifother sensors are displayed as grounded
or having floating values it can cause the

crankcase pressure detector to trip first
because of the short time delay. Unplug
each sensor, one at a time, until the
values either stabilize or return to
normal. Replace the sensor that is

grounded.

4) Ifagrounded sensor is not found,
disconnect, one at a time, the two
injector harness plugs that connect to
each of the ECMs. If the source of the
ground is the injector harness, replace
the harness.
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)

If no defect is found with the other
sensors, refer to the appropriate electrical
schematic and check the sensor wire
harnesses for short or grounds. Open the
E}‘;Jl%(allslgcl)*%ge(c) tr11:3R L ircuH}Breaker
plug from the
detector. Examine both the plug end and
receptacle end for signs of corrosion. If
corrosion is evident on the connector
pins, either clean the contact surfaces or
replace both the sensor and terminals.

If no corrosion is evident, use a voltmeter
to check sensor resistance. Open the

ENGINE CONTROL Circuit Breaker.
Check the resistance between the pins in

Ehgfﬁgi}or re%gﬁtacle. The readings

€ as OWS:

Part Nos.40084551, 40071740, 40071741

and 40076531
Set Iripped
AtoBopen AtoB 6 .6-7.0kohm
AtoCo pen AtoC37.0-41.0
kohm
BtoC 30.2-34.2 BtoC 30.2-34.2
kohm kohm

If the readings vary by +/- 10%, change

the sensor.
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Troubleshooting The Analog Crankcase
Pressure Sensor Circuit (Analog Output)

PID xx Data Valid But Above Normal

Where xx Represents the EMDEC Fault Code
— NOTE:

A signal voltage of 2.56 VDC or greater will be sent to
EMDEC when the Analog Crankcase Pressure Sensor is
subjected to more than 1.0” W.C. If EMDEC is sent a
voltage level greater than 2.56 VDC from the Analog
Crankcase Pressure Sensor, EMDEC will initiate an
engine shutdown event. The Analog Crankcase Pressure
Sensor has been configured with two different timers. If
the supply voltage to this device goes “open circuit,”
EMDEC will detect this condition and initiate an Engine
Shutdown event after 40 seconds have elapsed. Any
other fault detected by the Analog Crankcase Pressure
Sensor will cause EMDEC to initiate an engine shutdown
event after 0.2 seconds have elapsed.

NOTE:

Analog Crankcase Pressure Sensor’s wiring definitions:
A = Ground, B= Output & C =5VDC Supply.

1) Check within the EMDEC reader
program EMMON for the following
ACTIVE fault:

PID xx - Data Valid but
above Normal
Where xx can be: 42

Crankcase Pressure - LB
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2)

This fault could indicate that a true
Crankcase Over Pressure situation has
occurred. Perform the proper engine
mechanical troubleshooting and safety

ocedures found in Diesel Engine
rmﬁﬂesﬁootmg uide. ﬁ‘J no detects are
found, then troubleshoot for an electrical

fault in the respective harness branch
and / or the detector itself listed below.

If other sensors are displayed as grounded
or having floating values it can cause the
crankcase pressure detector to trip first
because of the short time delay. Unplug
each sensor, one at a time, until the
values either stabilize or return to

normacl. geplace the sensor that is
grounded.

If a grounded sensor is not found,
disconnect, one at a time, the two
injector harness plugs that connect to
each of the ECMs. If the source of the
ground is the injector harness, replace
the harness.

If no defect is found with the other
sensors, refer to the appropriate electrical

schematic and check the sensor wire
harnesses for short or grounds.

Openthe ENGINE CONTROL
Circuit Breaker and disconnect the plug
from the analog crankcase pressure
sensor. Examine both the plug end and
receptacle end for signs of corrosion. If
corrosion is evident on the connector
pins, either clean the contact surfaces or
replace both the sensor and terminals.
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If no corrosion is present within the
sensor’s connector or the harness plug,
reconnect the harness plug to the sensor
and perform the following steps:

®  Close the Engine Control
Breaker.

e  ConnectPCto EMDEC
Diagnostic Port and launch
“EMMONxx or WinEMMON
software program.

¢ Build asignal listin EMMON
that includes the signal
“Crankcase Pressure-LB”.

¢ “Check the Crankcase Pressure-
LB” reading with the engine
“dead.” A reading of less than
1.37 H,O is an acceptable
reading. Confirm the reading by
checking the voltage output of
the sensor. Press the “F'5”
function key, then look for the
entry “Crankcase Pressure

Voltage” while engine is dead. A
reading between 2.30 and 2.54

VDC is an acceptable reading.
®  Any sensor readings that do not

pass this criteria are faulty and
should be replaced.
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The CCOP Suction Bulb is the
recommended device to use in
performing engine shutdown tests for
crankcase pressure. Basically, the test
procedure is to disconngct the hoge

y that is screwed 1nto the Sensor
Box Bracket and Analog Crankcase
Pressure Sensor. The hose assembly that
connects the Analog Crankcase Pressure
Sensor to the crankcase through the
Sensor Box Bracket has a swivel fitting on
one end only, so the house must be
disconnected on both ends and
reconnected to the sensor. At this point,
the engine should be restarted. Insert the
CCOP Suction Bulb into one end of the
e TR e b et
into the sensor’s port and forces EMDEC
to initiate an engine shutdown event.
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8.6.4 Troubleshooting The Coolant Pressure
Circuit

PID xx - Shorted High (FMI_Voltage_High) or

Shorted Low (FMI Voltaée Low
Where xx represents the EMDEC Fault Code

The sensor is considered failed if its voltage is
below 0.23 V or above 4.95 V. Check the
EMREPORT (found in the .Ist files within the
EMDEC software disk) for a complete listing of
the sensors available and shutdown tables on a
particular locomotive order. At startup, EMDEC
will allow the cooling system two (2) minutes to
pressurize before enabling the coolant pressure
protective circuit. After the two (2) minute time

period, the system will shutdown for low coolant
pressure or wiring faults in throttle positions

higher than Idle.

1) Check within the EMDEC reader
program EMMON for the following
ACTIVE fault:

PID xx - Shorted High
(FMI_Voltage_High) or Shorted Low
(FMI_Voltage_Low)

BYQS%EFT@QR@H be:60 Coolant
Coolant pressure LB

Coolant pressure engine out
Auxiliary water pressure (1.5 Software
Version Only)

Engine Oil Level (really #2 Coolant
Pressure 1.5 Software Version Only)
Coolant Pressure (1.5 Software
Version Only)
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2)  Since this fault can occur from having a
disconnected sensor, check the plug for
misaligned pins, contaminated (with
engine fluids or debris) pins, flattened at

the pimggntact tip or pushed back from

3) Check that the plug at the ECM
(reference respective wiring schematic)
is properly connected and that the pins
are not contaminated, pushed back, or
flattened at the contact tip. 1f

contaminated clean and check if fault
becomes INACTIVE.

4) If no corrosion is evident, replace the
sensor with a new sensor. Check
EMMON to see if the ACTIVE fault
went INACTIVE. If the fault did not
clear, proceed to troubleshooting the
harness wiring and ECM.

Remember the sensor wiring is always as
follows: Terminal A=Ground, Terminal
B= Sensor Output, Terminal C=5VDC

Supply.

Sensor Resistance Values:

58 PSI Sensor P/N 40059278
PinAtoB 11.52-14.08 kohm
PinAtoC 10.35-12.65 kohm
PinBtoC 1.26-1.54 kohm

100 PSI| Sensor P/N 40055333
or 40087572

PinAtoB 10.58-13.5 kohm
PinAtoC 9.34-11.42 kohm
PinBtoC 1.26-1.54 kohm5
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5) Check the harness for a short by opening the
ENGINE CONTROL circuit breaker and
disconnecting the plug at the sensor along
with the EHC connector at the ECM.

RS AN A R i eHR NS
IW for coolant pressure #2 and pin IR and
pin 1W for Y-pipe coolant pressure. If less
than or equal to 10,000 ohms then the
harness is shorted. Next, run a jumper from
pin A to pin B on the sensor plug. Check the
resistance across pin 2L and pin 2Y for
coolant pressure #1, pin 2M and pin 2Y for
coolant pressure #2 and pin 1R and pin 2Y
for Y-pipe coolant pressure on the EHC
connector at the Sender ECM. If the

resistance is greater than 5 ohms, the harness
1S open.

6) Ifthe above tests are inconclusive, replace
the ECM.

If no defect is found with any EMDEC
component, put the unit in load test at throttle 8
for one-half hour to see if the fault repeats. If no
fault reoccurs, release the unit to service. (Note:
If the water was over 200 degrees, with a “Hot
Engine” shutdown archived, replace the coolant

system pressure cap).
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8.6.5  Troubleshooting The Coolant Pressure Circuit

PID xx - Data Valid But Above / Below Normal
Where xx represents the EMDEC Fault Code

___ NOTE:
The sensor is considered failed if its voltage is below
0.23 V or above 4.95 V. Check the EMREPORT (found
in the .Ist files within the EMDEC software disk) for a
complete listing of the sensors available and shutdown
tables on a particular locomotive order. EMDEC will allow
the cooling system two (2) minutes to pressurize before
enabling the coolant pressure protective circuit. After the
two (2) minute time period, the system will shutdown for
low coolant pressure or wiring faults in throttle positions
higher than Idle.

1) Check within the EMDEC reader program
EMMON for the following ACTIVE fault:

PID xx - Data Valid but above Normal
Where xx can be: 60 Coolant Pressure LB
61 Coolant Pressure RB
62 Coolant Pressure

Engine Out
98 Engine Oil Level

(replygig{pelan Ryessure
109 Coolant Pressure
(1.5 Software Version
Only)
63 Coolant Pressure Delta
LB (Coolant Press LB -
Engine out)
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NOTE:

64 Coolant Pressure
Delta RB (Coolant Press
RB - Engine out)
65 Excessive Bank to
Bank Coolant Pressure

Difference (1.7 only)

physically have a sensor assigned to them.

‘ PID’s 63, 64 and 65 are calculated values and do not

2)

This fault can often be associated with a
“stuck” or incorrect sensor. Place the
locomotive in self test and throttle up
watching the sensor value on EMMON.

Fohissansepreesthetabpagesahsaehithrottle
monitor if the ACTIVE fault becomes
INACTIVE. If the value does change, go to
step 3.

Check to determine that there is not a true
mechanical problem causing the fault (e.g.
entrained air, pump cavitation or failure,
head-gasket leak, cracked cylinder head, etc.).
Check the sight glass for coolant level with
the engine running and follow the

FrsopIScask g niohantcRb wieT in the
Diesel Engine Troubleshooting Guide
(DET).

The cooling system is blocked. Follow the
recommended procedure for clearing cooling
system debris or other blockage located in the

DET.
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5) Asignificant cooling system leak has
developed. Follow the recommended
procedures for finding and fixing cooling
system leaks.

___ NOTE:
Conditions 3,4, and 5 above are most likely to cause
defaults, so look for those on the EMDEC diagnostics to
help narrow down the actual root cause. Keep in mind
that mechanical problems such as a leaking head gasket
or cracked cylinder head, may only produce symptoms
under full engine load. Therefore, a load test on a fully
warmed-up engine may be the only way to duplicate the
problem.When running such a test, have the EMDEC
reader program EMMON set-up to display all cooling
system data. Pay particular attention to significant

changes in Delta-P values since they are the first to
indicate entrained exhaust or air bubbles in the cooling

system.
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8.6.6 Troubleshooting The Oil Pressure Circuit

PID xx - Shorted High (FMI_Voltage_High) or
Shorted Low (FMI_Voltage_Low)

Where xx represents the EMDEC Fault Codes

_ NOTE:
The engine will shutdown if the oil pressure sensor is
considered valid and the oil pressure is below the
shutdown curve for 10 seconds. The sensor is
considered valid if its voltage is above 0.23 V or below
4.95 V. The engine will shutdown for an invalid sensor
after 40 seconds. Check the EMREPORT (found in the
Ist files within the EMDEC software disk) for a complete
listing of the sensors available and shutdown tables on §
particular locomotive order. The oil pressure shutdown

protection is excluded for 60 seconds after engine start.

1) Check within the EMDEC reader program
EMMON for the following ACTIVE fault:

PID xx - Shorted High (FMI_Voltage_High)or
Shorted Low (FMI_Voltage_Low)
Where xx can be: 30 Oil pressure turbo RB
31 Oil pressure turbo LB
32 Oil pressure engine in
33 Oil pressure filter in

2)  Since this fault can occur from having a
disconnected sensor, check the plug for pins
that are misaligned, contaminated (with
engine fluids or debris), flattened at the
contact tip or pushed back from the socket.
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3) Check that the plug at the ECM (reference
respective wiring schematic) is properly
connected and that the pins are not
contaminated, pushed back, or flattened at the

OB HERom TR clean and check

4) Ifno corrosion is evident, replace the sensor
with a new sensor. Check EMMON to see if
the ACTIVE fault went INACTIVE. If the
fault did not clear, proceed to troubleshooting
the harness wiring and ECM.

Remember the sensor wiring is always as
follows: Terminal A=Ground, Terminal B=
Sensor Output, Terminal C=5VDC Supply.
Sensor Resistance Values:

100 PS| Sensor P/N 40087572

PinAtoB 10.58-13.5kohm

PinAtoC 9.34-11.42 kohm
PinBtoC 1.58-1.93kohm
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5)

7)

Check the harness for a short by opening the
ENGINE CONTROL Circuit Breaker and
disconnecting the plug at the sensor along
with the EHC connector at the ECM.
Measure the resistance across pin 2P and pin
IW. If less than or equal to 10,000 ohms
then the harness is shorted. Next, run a
jumper from pin A to pin B on the sensor
plug. Check the resistance across pin 2P and
pin 2Y on the EHC connector at the sender
ECM. If the resistance is greater than

5 ohms, the harness is open.

If the above tests are inconclusive, replace

the ECM.

If no defect is found with any EMDEC
components, put the unit in'load test at

throttle 8 for one-half hour to see if the fault
repeats. If no fault reoccurs, release the unit
to service.
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8.6.7 Troubleshooting The Oil Pressure Circuit

PID xx - Data Valid But Above / Below Normal
Where xx represents the EMDEC Fault Code

__ NOTE:
The engine will shutdown if the oil pressure sensor is
considered valid and the oil pressure is below the
shutdown curve for 10 seconds. The sensor is
considered valid if its voltage is above 0.23 V or below
4.95 V. The engine will shutdown for an invalid sensor
after 40 seconds. Check the EMREPORT (found in the
Ist files within the EMDEC software disk) for a complete
listing of the sensors available and shutdown tables on
a particular locomotive order. The oil pressure shutdown
protection is excluded for 60 seconds after engine start.

1) Check within the EMDEC reader program
EMMON for the following ACTIVE fault:
PID xx - Data Valid but above Normal
Where xx can be: 30 Oil Pressure Turbo LB

31 Oil Pressure Turbo RB

32 Oil Pressure Engine In

2)  This fault can often be associated with a
“stuck” or incorrect sensor. Place the

lpsemiptivi seslidrstind shreilavoN.

If the sensor does not change at each throttle
position, replace the suspect sensor and
monitor if the ACTIVE fault becomes
INACTIVE. If the value does change, go to
step 3.
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3) Check to determine that there is not a true
mechanical problem causing the fault (e.g.
pump failure, relief valve stuck, fuel in oil,
etc.). Follow the recommended mechanical

s?_/'stem troubleshooting procedures found in
the Diesel Engine Troubleshooting Guide

(DET).

4) If equipped with rack mounted sensor, the
following additional faults may be logged
(although they do not cause engine
shutdowns):

PID 34 Oil Pressure Delta Filter
(FMI Health Low)

PID 34 Oil Pressure Delta Filter
(FMI Health Critical)

These faults indicate that the Lube Oil Filter is
nearing or has reached its maximum capacity
and should be replaced with a new element, per
recommended engine maintenance.
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8.6.8 Troubleshooting The Oil Temperature
Sensor Circuit

____NOTE:
The engine will shutdown if the oil temperature sensor is
considered valid and the oil temperature is above 250°F
for 60 seconds (10 seconds for H engine equipped
locomotives). The sensor isconsidered valid if the its
voltage is above 0.23 Vor below 4.95 \l The engine will
not shutdown for an invalid sensor

1)  Check within the EMDEC reader program
EMMON for the following ACTIVE fault:
PID xx - Data Valid but above Normal
Where xx can be: 39 Oil temperature
engine in

2)  Clear the active codes.

3) Disconnect the connector from the sensor
and examine both for corrosion or damage.
If corrosion is evident, replace both the

terminals and sensor. If none is evident,
proceed to the next step.

4) If the indicated fault is Oil Temperature
Circuit Failed High, disconnect the oil
temperature sensor plug and install a jumper
wire between sockets A and B. If the active

code on the reader is Oil Temperature Circuit
Failed High, the signal wire has an open.

5) Disconnect the EHC plug from the sender
ECM. Use a voltmeter to read the resistance
between Pin 2R and Pin 2Y. If the resistance
is greater than or equal to 10,000 ohms or
open, replace the sensor.

EMDEC Operating & Troubleshooting Guide 261



SENSORR ESISTANCE (OHMS)

100,000

10,000 -

1,000

100 H

6) Ifthe indicated fault is Oil Temperature
Circuit Failed Low, disconnect the oil

temperature sensor plug from the sensor after

clearing the active faults.

7) Ifthe active fault on the reader is no longer

Oil Temperature Circuit Failed Low, replace

the sensor.

8) Check the continuity of the wires from the

sender ECM to the oil temperature sensor as

follows:
Plug terminal A - EHC 2Y
Plug terminal B - EHC 2R

If open or grounded, replace the harness.

9) It iﬁ also possible that other sensor ma)( have

ort or ground that 1s causing the o1

as
temperature sensor to have electrical
problems.

CALIBRATION POINTS:
77.0 F=72590.7 - 2964.7 ohm
262.4F=> 77.7- 84.9ohms

0 50 100 150 200 250

TEMPERATURE (F)

Figure 8.2 Sensor Resistance vs Temperature Graph.
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8.7 Troubleshooting the Two-Way Serial Link

There are two 2-Way links in the EMDEC system:
J1922 Control link and J1587 diagnostic link. The
control link consists of one 20 byte message going from
the EM2000 to EMDEC (MID'75) and one’20 byte
message going from EMDEC to the EM2000 (MID
71). The message packets contain information critical
to engine and locomotive control and performance.
The diagnostic link transmits data that is not critical to
the control of the locomotive or engine such as
operating parameters and diagnostic information
between the EM2000 and any EMDEC ECM.

1) Check within the EMDEC reader program
EMMON for the following ACTIVE fault:
PID 247 - J1922 Busy Byte FMI Abnormal
Rate

The “Busy Byte” is used to determine

the integrity of the communication link

between EMDEC and the EM2000.

When an active “Busy Byte error” is a
archived in EMDEC several parameters

may be altered due to the loss of the
control link.

- Airbox pressure is C%E%ed ata

maximum value of 0in Hgin

TNS Full load.

- Engine speed is not transmitted over
the Sender ECM 128 but is over the
Receiver ECM 175.
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— NOTE:

2)  Make sure that the EM2000 COMPUTER
CONTROL Circuit Breaker is closed and
the EMDEC power supply is functioning
correctly.

In order to isolate what link has failed, pull up on the
EM2000 programmable screen Ebusy, EbusyA, ECFail
and EDFail. Ebusy is the bit sent by the EM2000 and
EbusyA is the return bitrom EMDEC. The EM2000
sends a status bit to EMDEC starting at 1 and counting
up to 15. EMDEC, in turn, mimics the response back to
the EM2000. If the status bitis inactive forfive seconds,
a total loss of communication exists. If the ECFail is true
(ON) the control link has failed and operation has
defaulted to the diagnostic link. If the EDRail is true (ON)
the diagnostic link has &iled. If both links are lost a

No Load condition exists due to complete
communication loss.

3)  Check supply voltage on PC connector (Pin
Aand C +24 VDC, Pin B, D and E GND)
of power harness. If 24 VDC is not present,
troubleshoot power harness using wiring

diagram WDO4066 inserted at the end of

the manual.

P e ORI AR TS P
and B are not recessed or loose to insure
proper mating to the ECM. Do the same on
the Locomotive Interface Board plug E2
pins 1 and 2. Perform a continuity check
from pin A of the Sender’s Communications
Connector (CC) to pin 1 on the E2
connector at the Interface Board. Do the
same for pin B of the Sender’s CC plug to
pin 2 of the E2 plug.
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5) Check the wiring between the Interface
Board and the EM2000 Serial Distribution
Box in the #1 Electrical Cabinet. Unplug
the S2 mating connector on the interface

SRR A S
13, 10, 11 and 14, respectively on the Serlal
Distribution Box.

6) Check the wiring from the Serial
Distribution Box to the COM module.
Disconnect the Serial Distribution Box
signal #1 plug and test for continuity from
pins 10, 11, 14, 12 and 13 to pins 10, 11, 14,
12 and 13, respectively on the 11B plug of
the COM module.

7) Ifthere are no errors in the wiring found,
then replace the interface board.

8) If that does not fix the problem, replace in
order the Sender ECM, COM module and

Signal Distribution Box. a
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8.8

8.8.1

Troubleshooting EMDEC Annunciator
Panel (70/75 Series)

No Lights llluminated On The Annunciator

Panel

A)

B)

Check that Engine Control Circuit Breaker is
closed.

Check that the Injector Run Switch located
on the EMDEC Annunciator panel is in the
“RUN” position.

Turn the switch at the Engine Start station to
the “Prime” position for a few seconds or

16Tt (aomgudtes Stoptial eirgiiit biisaker.
EMDEC system will be disabled until the
prime switch is used to bring it back up.

Make sure the “MU Engine Stop” switch is in
the “Run” position.

Check for a green light on the power supply.

Check the AN plug on the interface board for

proper connection.

Check the AD plug at Annunciator panel for

proper connection.

Disconnect plug P from the interface board.
Check pin 1 for +24V and pin 3 for -24V.

Disconnect and check AD plug, pin 13 at
Annunciator panel for +24V. Check AD plug,
pin 2 for -24V.
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J)  Adigital voltmeter can be placed across two
resistors: R15 (right leg) for positive, and C7
(left leg) for negative. If +24Vis read, ignition

1S On.

K) Checkifreader can access the EMDEC
system at the reader port. If it can, the
Annunciator panel or interface board may
be suspect.
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8.9 Troubleshooting the 710 Series
Sensor Box

The Sensor Box Simultaor is used to simulate the

EMDEC Sensor Box when troubleshooting the
Sensor Box or the EMDEC System. The Sensor Box
Simulator will output fixed signal to the ECMs, so
that EMDEC faults can be isolated to the Sensor Box
or wiring/ECMs. Basically, the test procedure to
follow is:

1. Open Engine Control Circuit Breaker.

2. Disconnect connector from the rear of the
Sensor Box.

3. Plug Sensor Box Simulator P/N 40106322
into harness connection that was removed
from Sensor Box.

4. Re-energize EMDEC System by closing the
Engine Control Breaker.

5. Launch EMMON or WinEMMON software
program.
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6. Review sensor parameter list for the following
values (depending upon the version of

EMMON used, it may be necessary to build

this signal list):

e CoolantPressure 63PSI
Engine-In LB

e CoolantPressure 35PSI
Engine-In RB

e CoolantPressure 2PSI
Engine-Out

e OilPressure Turbo 82 PSI
Inlet-RB

e Crankcase Press-LLB 2inH ,0
e Airbox Pressure-RB 41 PSI

e FuelPressure 93PSI

Engine-In G

The presence of these signal values indicate wiring
upstream of the Sensor Box is “good” and that the fault
must reside in the Sensor Box.
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8.10.1

Fault Code: 994

ENGINE SHUTDOWN -
ENGINE OIL PRESSURE

( Fault Code # 994 )

A
Fault code 994 "ENGINE SHUTDOWN - ENGINE OIL
PRESSURE" is triggered when either a low oil pressure
situation (below minimum operating parameter) is
detected or a sensor/wiring failure has occurred.

v

Perform a visual inspection of both the engine and
engine compartment, starting with the dipstick then the
top deck, noting the condition of the oil and any obvious

signs of leakage.

hat is level of oil on
dipstick?

Level Normal / High
Leve| Low f
The oil condition is critical, Use a lab sample
v as well as both smell and touch to determine
Verify, by inspection, the state of oil.

cause of the oil usage. Correct
the leak and add oil as needed

Yes
L_

GoTo
Page 3

Does the oil smell of fuel?
No

r‘l’ es

GoTo
Page 3

S the il aerated?
(Foamy)

GoTo
Page 3
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From
Page 1

Check the Sender (mid 128) and if applicable, the Receiver (mid 175)
ECM fault archive for a low oil pressure fault. Check the Failure Mode
Identifier (FMI) of the archived fault to determine if the parameter fault
(data valid but below normal range) is accompanied by a sensor/wiring
fault (voltage high or low) with the same time stamp (within 1 minute).

Are both faults
present?

Yes

b

Using the PC Reader program (EMMON 10b or greater), check the
oil pressure sensor output voltage on the sensor a/d screen
(Function F5). Voltage should be between 0.24 and 4.94 VDC.

No —>

Go To
Page 3

Disconnect oil pressure
sensor plug. Voltage

Lower than s voltage between Higherthan |
0.24VD 0.24 and 4.94 VDC? 2.94VDC
L
Disconnect oil pressure Yes
sensor plug. Short pins A
and B together at
plug.Voltage should read
5.0 VDC. Go To
Page 3
Yes

should read 0 VDC.

s voltage
between 0.0 -

v
Change oil pressure sensor.
Using a 0-150 psi gauge, verify
correct oil pressure as per
Engine Maintenance Manual.

voltage 5.0

Open circuit in wiring harness
or faulty ECM. Qualify harness
per EMDEC troubleshooting A
guide/ change ECM if END
required. Using a 0-150 psi
gauge, verify correct oil
pressure as per Engine
Maintenance Manual

Page 2

.24 VDC7Y,

Mo

Shorted wiring harness or
faulty ECM. Qualify
harness per EMDEC
troubleshooting guide/
change ECM if required.
Using a 0-150 psi gauge,
verify correct oil pressure
as per Engine
Maintenance Manual.
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From
Page 1
or 2

Follow the troubleshooting
procedures in the Engine
Maintenance Manual or Diesel
Engine Troubleshooting Guide
under "LOW ENGINE OIL
PRESSURE"

END

Page 3
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8.10.2 Fault Code: 996

ENGINE SHUTDOWN -
ENGINE OIL TEMPERATURE

( Fault Code # 996 )

Fault code 996 "ENGINE SHUTDOWN - ENGINE
OIL TEMPERATURE" is triggered when either a hot
oil temperature situation {above maximum operating
parameter) is detected or a sensor/wiring failure has
occurred. Check the EM2000 fault archive if fault
code 998 - "LOW COOLANT PRESSURE
SHUTDOWN" was logged at the same time as 996
occurred.

Are both faults present?

Yes

A
Check the Sender (mid 128) and if applicable,
the Receiver (mid 175) ECM fault archive for
a hot oil temperature fault. Check the Failure
Mode Identifier (FMI) of the archived fault to
determine if the parameter fault (data valid but
above normal range) is accompanied by a
sensoriwiring fault (voltage high or low) with
the same time stamp (within 1 minute).

The 996 fault is most likely a
resultant fault caused by the
998 fault. Proceed to the Flow
Chart for isolation of the root
cause for fault code 998.

END

GoTo
Page 2

Page 1
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Are both faults
present?

Using the PC Reader program (EMMON
10b or greater), check the oil temperature
sensor output voltage on the sensor a/d
screen (Function F5). Voltage should be
between 0.23 and 4.95 VDC.

Lower than

0.23VDC

voltage betwee
0.23 and 4.95

Disconnect oil
temperature sensor plug.
Short pins A and B
together at plug Voltage
should read 5.0 VDC.

Open circuit in wiring harness
or faulty ECM. Qualify harness

per EMDEC troubleshoting
guide/ change ECM if
required. Verify correct oil
temperature as per Engine
Maintenance Manual.

vDC?

Yes

GoTo
FPage 3

Yes

Go To
Page 3

Disconnect oil
temperature sensor plug.
Voltage should read 0
VDC.,

h

per Engine Maintenance
|Manual.

Change oil temperature sensor.
Verify correct oil temperature as

END

Page 2

Shorted wiring harness or
faulty ECM. Qualify
harness per EMDEC
troubleshoting guide/
change ECM if required.
Verify correct oil
temperature as per
Engine Maintenance
Manual.
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From
Page 2

Follow the troubleshooting
procedures in the Engine
Maintenance Manual or Diesel
Engine Troubleshooting Guide
under "HIGH ENGINE OIL
TEMPERATURE".

END

Page 3
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8.10.3 Fault Code: 997

ENGINE SHUTDOWN -
ENGINE CRANKCASE PRESSURE

( Fault Code # 997 )

Fault code 997 "ENGINE SHUTDOWN - ENGINE
CRANKCASE PRESSURE" is triggered when either a
crankcase over pressure situation is detected or a
sensor/wiring failure has occurred. If so equipped,
check the Button on the Crankcase pressure sensor.

Yes S button poppedZ=>—Yes—

Go To
Check the Sender (mid 128) and if applicable, the Page 3

Receiver (mid 175) ECM fault archive for the codes
101(crankcase pressure), 42 (crankcase pressure LB),
or 43 (crankcase pressure RB). Check the Failure
Mode Identifier (FMI) of the archived fault to determine |
if the parameter fault (data valid but above normal
range) is accompanied by a sensor/wiring fault (voltage
high or low) with the same time stamp (within 1 minute).

GoTo

Are both faults No Page 3

present?

Yes

GoTo
Page 2

Page 1
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From
Page 1

If so equipped, ensure that the crankcase pressure button
is reset. If equipped with an electronic pressure sensor,
cycle the injector switch to reset the fault. NOTE:
Resetting the fault may take several attempts / minutes.
Using the PC Reader program (EMMON 10b or greater),
check the Real Time Diagnostic Window for the

Crankcase fault.

Yes

Go to sensor
identified as faulty
and disconnect
CCP plug

Fault still active?

Change ccp. Using a
manometer, verify correct
crankcase depression as per
Engine Maintenance Manual.

A

Ensure no other active faults
are present, restart the engine
and Load Test to throttle 2.

Shorted wiring harness or faulty
ECM. Qualify harness per
EMDEC troubleshooting guide/

Yes—— change ECM if required. Using

a manometer, verify correct
crankcase depression as per
Engine Maintenance Manual.

Page 2

Did the fault
reoccur?

Yes

GoTo
Page 3
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From
Page 1
or2

Follow the troubleshooting procedures in the
Engine Maintenance Manual or Diesel Engine
Troubleshooting Guide under "HIGH
CRANKCASE PRESSURE".

CAUTION! Following a crankcase over
pressure shut down, do NOT open any
engine covers for at least 2 hours.

Page 3
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8.104 Fault Code: 998

ENGINE SHUTDOWN -
ENGINE COOLANT PRESSURE

( Fault Code # 998 )

Fault code 998 "ENGINE SHUTDOWN - ENGINE
COOLANT PRESSURE" is triggered when either a
low coolant pressure situation (below minimum
operating parameter) is detected or a sensorfwiring
failure has occured

‘—l

Conduct a visual inspection of the engine, the
engine compartment, the radiator / expansion tank
and associated plumbing, noting both coolant
level and any indication of residue or coclant
eakage. NOTE: The engine will have to be started
to obtain an accurate coolant level indication for
UP 8500 to 8512..

Check the Sender (mid 128) and if applicable,
Receiver (mid 175) ECM fault archive for a low
coolant pressure fault. Check the Failure Mode
Identifier (FMI) of the archived fault to determine if
the parameter fault (data valid but below normal
range) is accompanied by a sensorfwiring fault

| (voltage high or low) with the same time stamp
Yes (within 1 minute). Note that for cooclant pressure
sensor faults, it will be necessary to determine if
the fault is with the LB sensor, the RB sensor, or
the engine outlet ("Y" pipe") sensor,

<L oolant level normal

Zisable leak sufficient 13 No
cause fault? I Go To
Page 2
Perform a pressure test in
accordance with Engine
Yes Maintenance Manual while
conducting a more thorough
inspection to include the
Pressure Cap, the top deck
and bottom end, noting
emulsified oil or presence of
Repair or replace the coolant,
faulty component in
accordance with local
instructions

!

Restore coclant to

proper operating level

Page 1

Go To
Page 3

EMDEC Operating & Troubleshooting Guide 279



From
Page 1

Check the Sender {mid 128 ECM fault archive for a low coolant pressure fault.
Check the Failure Mode |dentifier (FMI) of the archived fault to determine if the
parameter fault (data valid but below normal range) is accompanied by a
sensor/wiring fault (voltage high or low) with the same time stamp (within 1 minute)

GoTo
Page 3

7 No

Are both faults p

Yes

{

Using the PC Reader program (EMMON 10b or greater), check the
affected cooclant pressure sensor output voltage on the sensor a/d
screen (Function F5). Voltage should be between 0.25 and 4.94 VDC.
NOTE: An engine shutdown caused by faulty sensors involves multiple
faulty sensors. All sensors must be qualified.

Disconnect coolant
pressure sensor plug.
Voltage should read 0
VDC.

voltage between 0.2 Higher than

and 4 94 VDC?

Lowerthan
0.25 \fDC

Disconnect coolant

pressure sensor plug. Go To
Short pins A and B Page 3
together at plug. Voltage

should read 5.0 VDC. Yes

s voltage
between 0.0 -
25 VDC3

y
Change coolant pressure
sensor. Verify correct coolant
pressure as per Engine
Maintenance Manual.

s voltage 5.0

vDC? Ak Sp.

Mo

Cpen circuit in wiring harness rsa:'ﬁr;egcnmgu::::ess o

or faulty ECM, Qualify harness paesis .rEMDEC

per EMDEC troubleshoting L IrDuhIeslf;i e

guide/ change ECM if END CharonE cn:ﬁr%equire .

required. Verify correct coolant Verify correct coolant :

pressure as per Engine <

Maintenance Manual. pre;sura as per Engine
Maintenance Manual.

Page 2
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From
Page 1

Follow the troubleshooting
proceedures in the Engine
Maintenance Manual or Diesel
Engine Troubleshooting Guide
under "Diluted, Contaminated
ar Improper Qil"

From
Page 2

Follow the troubleshooting
procedures in the Engine
Maintenance Manual or Diesel
Engine Troubleshooting Guide
under "LOW COOLANT
PRESSURE".

Restore
coolant to
proper
operating level

Page 3
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8.10.5 g

Fault Code: Generic

ENGINE NOT MAKING HORSEPOWER-
( Fault Gode Generic ) STEADY STATE

Before proceeding, confirm that the locomotive is indeed low on horsepower by standardizing the horsepower |
to A.A.R. standard load test conditions. Reference the "Load Test and Horsepower Evaluation” section of the |
"Locomotive Service Manual” for the Ic tive being evaluated. Low tractive horsepower may be caused |

by either an electrical malfunction or by a problem with the diesel engine or related support system. The first
step in identifying the cause is to determine if the problem is electrical or mechanical in nature. Using the
EM2000 progam meter function, set up a screen to show the values of the signals "ENGINE_R" and i
"LR%MAX". Place the unit in load test, and after allowing the unit to reach operating temperature (above |
175°F), go to throttle 8. Select the meter function to access the two selected signals. |

d

Go To
R%MAX=100%— Page4 |

View the LR%MAX signal. Is T
equal to or less than 100%

LR%MAX<100%

| View the ENGINE_R signal. The signal will generally be in one of three states:

| 1. Less than or equal to 0.82 it will have no impact on the LR%MAX calculation.
|2 Fluctuating between 0.82 and 0.87 may impact the LR%MAX calculation.

| 3. Greater than 0.87 will impact LR%MAX calculation.

-

iWhen troubleshooting low horsepower problems, qualify the diesel engine before investigating the
| electrical side. Therefore, if ENGINE_R is greater than 0.82, qualify the diesel engine and support

systems!

Go To

NGINE_R less than or greater NGINE_R-<-0.82 Proad

than 0.827

|
ENGINE_R > 0.82

Using the PC Reader program
| (EMMON 10B) check the response
times of all fuel injectors. The
{response times of all injectors should
be in the range of 1.2t0 1.6

milliseconds.
Go To GoTo |
| Pagez [eYes Are response times OK? No = :gj

Page 1
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Page 1

Using the PC Reader program
(EMMON 10B) check the fuel
pressure at the engine inlet in
throttle 8 load test. Fuel pressure
should be at least 60 PSI.

S fuel pressure
OK?

GoTo
Page 6

Al

Yes

Using the PC Reader program (EMMON
10B) check the boost pressure in throttle
8 load test. Compare the value indicated
with a similar type of locomotive, A
significant difference in boost pressure
should be investigated.

Go To
Page 8

Qost pressur
OK?

hlo.

h 4

Yes

Place the unit in load test and use the PC Reader Program (EMMON 10B)
to perform an injector cutout test. Record the base engine pulse width as
each injector is cut out. Compare the values recorded for all cylinders. A

properly functioning injector will cause the base engine pulse width to
increase when cut out. If the pulse width does not increase, or increases
only slightly compared to the others, then it is not functioning and should be GoTo
replaced. Page 3

Note! In order to obtain accurate pulse width feedbacks, it will be
required to increase engine RPM for the cutout test. An engine speed
of throttle three or four should normally be sufficient to perform the
test, however some situations may require the use of higher speeds.

Page 2
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Page 2

Change out weak or
malfunctioning injectors,
repeat load test.

Refer to the Engine Maintenance Manual
or Diesel Engine Troubleshooting Guide
under the heading of "ENGINE
PERFORMANCE-LACK OF POWER" to
determine the cause of the low
horsepower

END

Page 3
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Using the EM2000 progam meter function, set up a
screen to show the value of the signal "MGStat".
Place the unit in load test, and after allowing the unit
to reach operating temperature, go to throttle 8.
Select the meter function to access the selected
signal. Normally the "MGStat" signal should show
PWR (regulating generator output based on
kilowatts).

Go Back

Is "MGStat =
PWR"?

Y » To Page
1

If MGStat shows a regulation status
other than PWR, generator output is
being reduced. Consult the MGStat chart
to determine the reason for the reduction
and troubleshoot accordingly.

Page 4
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Examine the response times for the
injectors. If the response for
injectors 1-8 is blank, resetting the
injection control switch may reset
the system. Repeat Load Test.

Is HP OK?

Yes

No

'

Examine the response times for the injectors. If
the response times for one or more injectors are
absent or reading 2.00ms, a problem with the
injector harness or injector connectors is evident.
Repair harness/connections as required. Repeat
Load Test.

No

v

Examine the response times for the injectors. If
the response times for one or more injectors are
reading 0.55ms, a problem with the injector is
evident. Replace injectors required. Repeat Load
Test.

4—No

Page 5

Yes
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Page 2

Ensure that the locomotive has an
adequate fuel supply in the tank. Add
fuel if required. Verify operation of
fuel pump. Ensure that pump rotation
and speed is OK.

Check fuel pump for
unusual noises, slow
speed, or leakage.
Check motor to pump

N ——p coupling for
securement.
Change/repair pump
as required. Repeat

Yes Load Test.

|

Change out all fuel filters.

Clean fuel suction strainer.

Ensure primary filter drain j#———No

valve is closed. Repeat
Load Test.

5 fuel pressure and HF

0K? Yes END

No

v

Change out 120 PSI filter

bypass and 40 or 50 PSI

return fuel check valves,
Repeat Load Test.

GoTo

P ; o 5 fuel pressure and H
age

OK?

Yes

Page 6
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Check fuel preheater for proper
operation. Ensure that element
is not plugged. Replace or
repair as required.

fuel pressure and H
OK?

Check fuel pressure sensor for
proper operation. Replace as Yes
required.

s fuel pressure and HP
OK?

"y
Yes >( END )
r

Check complete fuel system for
suction leaks. Repair as
required.

Change
fuel
pump

§ fuel pressure and H
OK?

Yes

Page 7

288 Electro-Motive Service Publication



From
Page 2

Visually inspect the engine air filters for
signs of plugging. Perform a
monometer test of filter condition.
Consult the appropriate Locomotive
Service Manual for correct filter

readings.
Change
filters as
Air Filters OK? No——p] required.
Repeat
Load Test.

Yes

v

Check the signal "%
ALLOWED TORQUE" on
the PC Reader display |¢———No
under full load. It should
beat 100%.

and verify that hose

Qualify MAP (airbox) sensor Refer to the Engine Maintenance Manual

connection to airbox is = under the heading of "ENGINE
clear. Repairfreplace as PERFORMANCE-LOW AIRBOX
required. Repeat Load Test. PRESSURE" to determine the cause of the

or Diesel Engine Troubleshooting Guide

<>

low horsepower

Page 8
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8.10.6

710 ENGINE
STARTING PROBLEMS

( Fault Code Generic )

4,—,

Before attempting a restart on Woodward governor equipped locomotives
check the EM2000 fault archive for the existence of fault code 995.

The low oil pressure button on the governor popped due to
one or more of the following reasons:
Low Water Pressure
Low Qil Pressure
ault code 995 in archive? Yes—p Crankcase pressure
Hot Oil Temperature
Perform an engine room inspection to determine the
devise causing the shutdown, and follow the Diesel Engine
Troubleshooting Guide for that fault.

A
Before attempting a restart on EMDEC equipped locomotives, check the EM2000
fault archive for the existence of the following EMDEC related fault code numbers:
994, 996,997, or 998 and follow the troubleshooting flowcharts for those faults.

Follow the kL

Yes p| troubleshooting End
flowchart for the

applicable faults.

Fault codes in archive?

No
R’
Determine whether the locomotive is equipped for cab start (all SD8OMAC, SDSOMAC late
model SDTOMAC built since mid 1997), JT42CWR(EW&S and others), GT42CW-AC
(Queensland Rail), GT42CU(Westrail), or is equipped with a fuel prime / engine start station
(located bv accessorv end / front end of diesel enaine)

Equipped with Fuel Prime / Engine Start station?

Yes
No
Goto Go to
Page 2 Page 7
Page 1
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Confirm that EM2000 is powered up!

If the locomotive is equipped with ICE / FIRE screens, verify that there are no "Data Tmout” blue boxes
across the right hand screen. "Data Tmout” blue boxes indicate that ICE/FIRE is not communicating
with EM2000, which is almost always caused by EM2000 failing to power up. It could also be caused by
a communication loss between EM2000 and ICE/FIRE, but this is a rare occurance.

If the locomotive is equipped with an EM2000 display, verify that the EM2000 display will turn on by
hitting "Main Menu". This is also most likely caused by EM2000 failing to power up, but in rare
occurances be caused by a failed EM2000 display.

Follow the

M= flowchart for
“EM2000 Not

Operating"

M2000 is powered up?

Yes

y

Ensure that all necessary conditions are satisfied to start the engine per your Locomotive
Operator's Manual.

Go back to the Fuel Prime / Engine Start station. Attempt to prime the fuel system.

Verify that the inboard site glass (closest to the engine) fills completely with fuel and is free of
bubbles

Go to
Page 6

uel system primes?, No

Yes

Goto
Page 3

Page 2
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Unce the tuel system 1s pnimed, attempt an engine start by toggling the Start Station switch to start, and
verify that engine cranks over normally (greater than 45 RPM) once engine purge cycle is complete

]

Consult "Diesel Engine
Troubleshooting Guide" section
Yes———>b| titled "ENGINE WILL NOT
START WHEN CRANKED AT

PROPER SPEED"

Engine Cranks normally?

No
I N
End
iesel Engine stays at engine purge RPM, and speed never increases.
Yes
EPC is not picking up, or No
the contacts { wiring { lugs
are failed. Consult your
locomotive schematic and Does Engine crank, but speed too low?
check continuity through
the circuit, and repair as
required. Yes
No L
- Consult "Diesel Engine
B Troubleshooting Guide” section
titled "STARTERS ENGAGE -
Goto CRANKING SPEED TO LOW
Page 4 TO START ENGINE"
)
Enc
Page 3
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Y

The starters have not cranked over the engine at all. Go into the

cab and check for crew messages on either the left hand ICE

IFIRE display, or on the EM2000 display. Check for Fault Code

226, "Starter Motor Abutement Condition, Check Start Fuse”,

Fault present? ¥ es—

No

v

Goto

Page 5

There are no other faults that can inhibit start. The EM2000
never got the input from the 'Start" Switch. Troubleshoot the
lost input into EM2000. The problem could be with the switch,
wiring, connectors or the EM2000 input channel (highly
unlikely). Consult your locomative schematic and check
continuity through the circuit, and repair as required.

End

Page 4
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Verify condition of start fuse and change if
required. Attempt restart.

N,
™NO

\ 4 Yes

Consult "Diesel Engine

Troubleshooting Guide" section
titled "STARTERS WILL NOT

CRANK ENGINE AT ALL"

Page 5
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From
Page 2

Turn off “Computer Control” circuit

Is EFCO relay energized?

No

i

breaker
Fault with EM2000" FP Rly"
output. Possible failed DIO
output channel, wiring problem,
System FPR Relay problem, or loss if
Primes? Ve ' ihe 74VDC feed to the DIO

FET power supply. Consult
you locomotive schematic to
troubleshoot the circuit

Yes

End

3

Jsing your locomative
schematic,
troubleshoot the
problem with the
EFCO circuit.

Qualify the batteries

Top off, charge, or
replace as required

per your railroads
maintenance policies. 1—'

No

Check battery voltage. If the locomotive is equipped with a dynamic
brake handle, this can be easily done by moving the dynamic brake
handle to the notch 8 position and watching the 24T voltage on the
Dynamic Brake Data Meter in EM2000.  If the locomotive is not
equipped with dynamic brake handle, and EM2000 monitors battery
vollage, EM2000 variable "Batt V' can be checked. If this is not
available, then it must be checked directly with a voltmeter. Battery
voltage must be greater than 48 VDC for the AC fuel pump to run,

attery voltage OK

A

Some common causes for the fuel system failing to
prime are:
Bad order fuel pump motor / pump / coupling
Suction leak
Plugged suction strainer

End <

Mo fuel in fuel tank
Cold Weather operation - Ensure that ‘Hotwell”
valve is in winter position
Consult "Diesel Engine Troubleshooting Guide"
"FUEL OIL SYSTEM" section.

Page 6
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Confirm that EM2000 is powered up!

If the locomotive is equipped with ICE / FIRE screens, verify that there are no "Data Tmout” blue boxes
across the right hand screen. "Data Tmout” blue boxes indicate that ICE/FIRE is not communicating
with EM2000, which is almost always caused by EM2000 failing to power up. It could also be caused by
a communication loss between EM2000 and ICE/FIRE, but this is a rare occurance.

If the locometive is equipped with an EM2000 display, verify that the EM2000 display will turn on by
hitting "Main Menu". This is also most likely caused by EM2000 failing to power up, but in rare
occurances mav be caused bv a failed EM2000 disolav.

Follow the

No=———p| flowchart for
'EM2000 Not
Operating”

M2000 is powered up?

Yes

v

Ensure that all necessary conditions are satisfied to start the engine per your Locomotive
Operator's Manual,

Press the "Engine Start” pushbutton. The system will automatically prime.

If the system fails to prime, the user will be notified on either the left hand ICE/FIRE display, or
on the EM200 display.

Goto
Page 11

Goto
Page &

Page 7
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engine purge cycle is complete.

Once the fuel system is primed, verify that engine cranks over normally (greater than 45 RPM) once

Engine Cranks normally?

Consult "Diesel Engine
Troubleshooting Guide” section
Yes—®| fitled "ENGINE WILL NOT
START WHEN CRANKED AT

PROPER SPEED"

Na

Yes

. .

EPC is not picking up, or
the contacts / wiring / lugs
are failed. Consult your
locomotive schematic and
check continuity through
the circuit, and repair as

Does Engine crank, but speed too low?

Liesel Engine stays at engine purge RPM, and speed never increases,

End

Yes

b

Consult "Diesel Engine
Troubleshooting Guide” section
titted "STARTERS ENGAGE -
CRANKING SPEED TO LOW

TO START ENGINE"

required
No
A A
End
Goto
Page 9
Page 8

EMDEC Operating & Troubleshooting Guide

297



From
Page 8

Check for crew messages on either the left hand ICE /FIRE display,
or on the EM2000 display. Check for Fault Code 228, "Starter Motor
Abutement Condition, Check Start Fuse”. Depending on locootive
configuration, the user may also get Fault Code 1080, "No Start -

Start Fuse is Missing or Open".
Goto
Fault present? Y Page 10
No

b

There are no other faults that can inhibit start. The EM2000
never got the input from the "Engine Start" pushbutton.
Troubleshoot the lost input into EM2000. The problem could be
with the pushbutton, wiring, connectors or the EM2000 input
channel (highly unlikely). Consult your locomotive schematic and
check continuity through the circuit, and repair as required.

Page 9
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Verify condition of start fuse and change if
required. Attempt restart.

Y

N ngine Starts?

Yes

Consult "Diesel Engine

Troubleshooting Guide” section
titled "STARTERS WILL NOT

CRANK ENGINE AT ALL"

Page 10
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Yes |s EFCO relay energized?

Using your locomotive Yes
schematic,
troubleshoot the
problem with the Na
EFCO circuit. &

Fault with EM2000" FP Rly"
output. Possible failed DIO
ﬂ output channel, wiring problem,
FPR Relay problem, or loss if
3 the 74VDC feed to the DIO
FET power supply. Consult

you locomotive schematic to
troubleshoot the circuit

Check battery voltage. If the locomotive is equipped with a dynamic

brake handle, this can be easily done by moving the dynamic brake

handle to the notch 8 position and watching the 24T voltage on the
Dynamic Brake Data Meter in EM2000.  If the locomotive is not

equipped with dynamic brake handle, and EM2000 monitors battery
voltage, EM2000 variable "Batt V" can be checked. If this is not

available, then it must be checked directly with a voltmeter. Battery

voltage must be greater than 48 VDC for the AC fuel pump to run.

Qualify the batteries
per your railroads
maintenance policies.
Top off, charge, or
replace as required.

Some common causes for the fuel system failing to
prime are:
Bad order fuel pump motor / pump / coupling
X Suction leak
End A\ Plugged suction strainer
No fuel in fuel tank

Cold Weather operation - Ensure that :Hotwell"
valve is in winter position

Consult "Diesel Engine Troubleshooting Guide”

"FUEL OIL SYSTEM" section.

Page 11
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EMDEC Troubleshooting Quick Reference Guide

DESCRIPTION MOSTPROBABLE CAUSE
[EMDEC Operation & Training Guide Section #]
{Diesel Engine Troubleshooting Guide - DET}
21 Data valid but Engine Position Check air gap = 0.150 | Check physical
above/below Sensor (SRS) damage to SRS/TRS sensors | Check
normal range harness wiring between ECM’s &
sensors | Injector harness ground
| ECM ground [EMDEC 8.5]
30 Data valid but Oil pressure turbo Stuck sensor | Mechanical problem
(31) above/below RB (LB) such as pump failure, fuel in oil, etc.
normal range {DET p. 29-31}
30 Volt. above/below | Oil pressure turbo Check plugs @ sensor & ECM | Failed
(31) normal shorted RB (LB) sensor | Check harness wiring
high/low [EMDEC 8.6.6 & 8.6.7]
32 Data valid but Oil pressure engine | Stuck sensor | Mechanical problem
above/below in such as pump failure, fuel in oil, etc.
normal range {DET p. 29-31}
32 Volt. above/ Oil pressure engine | Check plugs @ sensor & ECM | Failed
below normal in sensor | Check harness wiring
shorted high/low [EMDEC 8.6.6 & 8.6.7]
33 Data valid but Oil pressure filterin | Stuck sensor | Mechanical problem
above/below
such as Bumﬁ; failure, fuel in oil, etc.
normal range {DET p. 29-31}
33 Volt. above/ Oil pressure filter in | Check plugs @ sensor & ECM | Failed
below normal sensor | Check harness wiring
shorted high/low [EMDEC 8.6.6]
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EMDEC Troubleshooting Quick Reference Guide

DESCRIPTION MOSTPROBABLECAUSE

[EMDEC Operation & Training Guide Section #]
{Diesel Engine Troubleshooting Guide - DET}

34 Health low/critical Oil pressure delta Check oil filters/lube system {DET p. 18
filter [EMDEC 8.6.7]

39 Volt. above QOiltemperature Check EM2000 for hot eng. faults, if

normal shorted engine in none check plug, sensor, wiring, ECM
high [EMDEC 8.6.8]

39 Data valid Oil temperature Check EM2000 for hot eng. faults, if
but above/ engine in none check for a failed high sensor
below normal | Oil system problem {DET p. 23}

range

40 Volt. above/ Air pressure Check plugs @ sensor | Failed sensor |

41) below normal Manifold RB Check harness wiring | Failed ECM
shorted high/low (LB) Troubleshoot similar to procedure found

in [EMDEC 8.6.2]

42 Data valid but Crankcase pressure | Check if CCP button popped-out, if not

(43) above/below LB (RB) popped check wiring/elect. [EMDEC
normal range 8.6.2] if popped {DET p. 41-42}

42 Volt. above/ Crankcase pressure | Check if CCP button popped-out, if not

(43) below normal LB (RB) popped check wiring/elect [EMDEC
shorted high/low 8.6.2] if popped {DET p. 41-42}
Volt. above/ Airtemperature Check plugs @ sensor | Failed sensor |

45 below normal engine in Check harness wiring | Failed ECM
shorted high/low Troubleshoot similar to procedure found

in [EMDEC 8.6.8]
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EMDEC Troubleshooting Quick Reference Guide

FMI DESCRIPTION MOSTPROBABLE CAUSE
[EMDEC Operation & Training Guide Section #]
{Diesel Engine Troubleshooting Guide - DET}
46 Volt. above/ Air temp manifold Check plugs @ sensor | Failed sensor
(47) below normal RB (LB) | Check harness wiring | Failed ECM
shorted high/low Troubleshoot similar to procedure found
in [EMDEC 8.6.8]
50 Volt. above/ Fuel pressure Check plugs @ sensor | Failed sensor
below normal engine in | Check harness wiring | Failed ECM
shorted high/low low fuel press. [EMDEC 8.6.7]
51 Volt. above/ Fuel pressure Check plugs @ sensor | Failed sensor
below normal engine filter in | Check harness wiring | Failed ECM
shorted high/low low fuel press. [EMDEC 8.6.7]
52 Volt. above/ Fuel pressure Check plugs @ sensor | Failed sensor
below normal primary filter in | Check harness wiring | Failed ECM
shorted high/low [EMDEC 8.6.8]
53 Volt. above/ Fuel pressure delta | Calc. value in software, check
below normal primary filter EMREPORT for sensor p/ris
shorted high/low
54 Volt. above/ Fuel pressure delta | Calc. value in software, check
below normal engine filter EMREPORT for sensor p/ris
shorted high/low
60 Data vaild but Coolant pressure LB| Stuck or incorrect sensor | Cooling
61) above/below (RB) system problem, obstruction | Coolant
normal range leak {DET p. 34-35}
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EMDEC Troubleshooting Quick Reference Guide

FMI DESCRIPTION MOSTPROBABLE CAUSE
[EMDEC Operation & Training Guide Section #]
{Diesel Engine Troubleshooting Guide - DET}
60 Volt. above/ Coolant pressure Check plugs @ sensor & ECM | Failed
(61) below normal LB (RB) sensor | Check harness wiring
shorted high/low [EMDEC 8.6.4]
62 Data valid but Coolant pressure Stuck or incorrect sensor | Cooling
above/below engine out system problem, obstruction | Coolant
normal range leak {DET p. 34-35}
62 Volt. above/ Coolant pressure Check plugs @ sensor & ECM | Failed
below normal engine out sensor | Check harness wiring
shorted high/low [EMDEC 8.6.4]
63 Data valid but Coolant pressure Calc. value in software (LB or RB-
(64) below normal delta LB (RB) Engine out), check EMREPORT for
range sensor p/n’s
73 Data valid but Auxiliary water Stuck or incorrect sensor | Cooling
above/below pump pressure system problem, obstruction | Coolant
normal range leak {DET p. 34-35}
73 Volt. above/ Auxiliary water Check plugs @ sensor & ECM | Failed
below normal pump pressure sensor | Check harness wiring
shorted high/low [EMDEC 8.6.4]
82 Data valid but Turbo speed RB Check sensor | Check harness wiring
above normal | Sender ECM | Interface Board
Troubleshoot similar to procedure found
in [EMDEC 8.5]
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EMDEC Troubleshooting Quick Reference Guide

FMI DESCRIPTION MOSTPROBABLE CAUSE
[EMDEC Operation & Training Guide Section #]
{Diesel Engine Troubleshooting Guide - DET}
83 Data valid but Turbo speed LB Check sensor | Check harness wiring
above normal | Receiver ECM | Interface Board
Troubleshoot similar to procedure found
in [EMDEC 8.5]
101 Data valid but Turbo boost Check plugs @ sensors & ECM | Failed
above/below pressure sensor | Check harness wiring
normal range [p. 61] | Turbo prob. {DET p. 63}
101 Volt. above/ Turbo boost Check plugs @ sensor & ECM | Failed
below normal pressure sensor | Check harness wiring similar to
shorted high/ [EMDEC 8.5] | Turbo prob. {DET p. 63}
low
231 Bad Component | J1939 Data Link Check communication wiring between
ECM'’s | Check ECM p/n | Failed ECM
247 Abnormal rate J1922 Busy Byte Check wiring from ECM to COM
module | Failed interface board | Failed
ECM | Failed COM module | Failed
Signal Distribution Box
248 Abnormal rate/ Proprietary Data Check communication wiring between
ECM's | Check ECM p/n | Failed ECM
frequency, PW Link
or period
249 Bad Component | J1922 Data Link Check communication wiring between
ECM'’s | Check ECM p/n | Failed ECM
253 Data Erratic/ Calibration Memory | Clear fault | Cycle Injection switch |
Bad Component Reprogram ECM w/cal. only | Failed
ECM
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Abbendadix A

A1
EMDEC Receiver ECM - All E.nglnes
QUICK Sender ECM - All Engines

Receiver2 ECM - 20 Cylinder 7100nly

TRS - All Engines

SRS - All Engines

Oil Pressure - All Engines

Oil Pressure LefBank Turbo -H Engine Only
Oil Pressure RighBank Turbo -H Engine Only
Oil Temperature - All Engines

LOCATOR LIST

The locator list
below corresponds
to the numbers
contained

on each of the
illustrations in this

Appendix, 10. Crankcase Pressure - 710 Engine Only
11. Crankcase Pressure #1 - H Engine Only

12. Crankcase Pressure #2 - H Engine Only
13. Airbox Pressure - 710 Engine Only
14. Airbox Pressure Left Bank - H Engine Only
15. Airbox Pressure Right Bank - H Engine Only
16. Airbox Temperature - 710 Engine Only
17. Airbox Temperature Left Bank - H Engine Only
18. Airbox Temperature Right Bank - H Engine Only
19. Fuel Inlet Pressure - All Engines
20. Fuel Pressure 2- Application Specific
21. Fuel Inlet Temperature - All Engines
22. Coolant Pressure #1 (Left Bank) - All Engines
23. Coolant Pressure #2(Right Bank/Aftercooler)

- ApplicationSpecific
24, Coolant Pressure #3 (engine outlet)

- ApplicationSpecific
25. Turbo Speed (Left Bank) - H Engine Only
26. Turbo Speed (Right Bank) - H Engine Only
27.Exhaust Temperature - H Engine Only
28. Inlet Air Temperature - Application Specific
29. Sensor In A Box

@ NG RAWON S

©
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TURBO LOW OIL
PRESSURE SHUTDOWN

LINE

FUEL FILTERS
AND SIGHT
GLASSES

o EEHEOOO @OOE
TURBO LUBE | |
FILTER STRAINER
FLYWHEEL BOX
RIGHT SIDE ENGINE VIEW
Figure A.1 Locator - 710 (Side Mounted ECM’s).
OVERSPEED
HOUSING

TRIP

eoe coo:
SO Y A |

it?: L
b LEFT SIDE ENGINE VIEW FLYWHEEL
F

ROM
AC CABINET
OPOWER HARNESS
OEXTERNAL HARNESS

Figure A.2  Locator - 710 (Side Mounted ECM’s).
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Figure A3 Locator - 710 (Typical 16-Cyl G 12-Cyl).
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10 13 16

Figure A4 Locator - 710 (Typical 16-Cyl &12-Cyl).
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Figure A.5 Locator - 710 (Typical 16-Cyl).

EMDEC Operating & Troubleshooting Guide 311



(Behind)

11
(L))

Figure A.6 Locator - H Engine.
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e

Figure A.7 Locator - H Engine.
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B.1

Below is a list of the EMDEC acronyms for the EM2000. The values may be

Appendix b

EM2000 EMDEC Signal Acronyms

slightly different depending on locomotive order or model.

AirBxDn
AmbDens
AmbienF
AmbTmpF
APCcLb
APCcRb
APImLbP
APImRbP
ATEgIF
ATImLbF
ATImRbF
AWT AOF
AWT ROF

LN

BarPres
BOI1

BOI2

BOI3

Air box density.

Ambient Air density given in Kg/M*

Calculated ambient temperature.

Ambient Air Temperature.

Crankcase pressure left bank, always in inches of Hg.

Crankcase pressure right bank.

Air pressure left bank intake manifold.

Air pressure right bank intake manifold.

Air temperature into engine.

Air temperature left bank intake manifold.

Air temperature right bank intake manifold.

Aftercooler Water Temperature at the Aspirator.

Aftercooler Water Temperature at the Radiator Output.
HESSAISE AR PR Weision & Up,

BAROMETRIC PRESSURE.

Injector Timing, beginning of injection in degrees

ECM #1.

Injector Timing, beginning of injection in degrees

ECM #2.

Injector Timing, beginning of injection in degrees

ECM #3.
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EBusy
EBusyA

ECFail
ECM On<
EEngRPM
EgPrLmR
EgSpRq

EMDECMo
ENG_PU
EngAcl
EngCB<
EngCkCc
EngCkCP
EngCkFP
EngCkFT
EngCkln
EngCkOP
EngCkOT
EngCkSS

EngCPH<
EngCPL<
EngineR

EngOPL<

EngOTH<

End to end communications check.

Busy Check: EMDEC will add one to this signal and then
send it back.

The status of the EMDEC control data link.

A Signal from EMDEC indicating computer is on.

The engine speed as measured by the EMDEC system.
The reason EMDEC requesting an engine power limit.
The engine speed request that EMDEC uses to

control the engine speed.

EMDEC Operation Mode: To be defined at a later date.
Fngine speed based on a speed pickup.

Engine acceleration feedback.

Engine Control Circuit Breaker.

Fngine controller detects a crankcase pressure problem.
Engine controller detects a coolant pressure problem.
FEngine controller detects a fuel pressure problem.
Engine controller detects a fuel temperature problem.
Fngine controller detects an injector problem.

Fngine controller detects an oil pressure problem.
Engine controller detects an oil temperature problem.
Fngine controller detects a speed sensor (TRS/SRS)
problem.

Engine is in shutdown mode due to high crankcase
pressure.

Engine is in shutdown mode due to low engine coolant
pressure.

Fngine Ratio: The engine ratio generated by the
EMDEC.

Engine is in shutdown mode due to low engine oil
pressure.

Fngine is in a shutdown mode due to high engine oil
temperature.
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EngUdl<
EngUd2<

EngUd3<

ETTulLF
ETTulRF

FF1tPrs
FIPrEnl
FPDEgl1
FPDPrF1
FPEgF11I
FPEgIPS
FPPrF11
FrPress
FTEgIF
FTEngIn
LOS<
MID I
MID O

MIDVerl

MIDVerO
MnEgSp
MnEgSpP

MnEgSpR

Engine is shutdown mode due to undefined condition #1.

Engine is in shutdown mode due to undefined
condition #2.

Engine is in shutdown mode due to undefined
condition #5.

Exhaust temperature at the Turbine Inlet of the engine’s
left bank.

Exhaust temperature at the Turbine Inlet of the engine’s
right bank.

Fuel Pressure Into the fuel filter.

Fuel Pressure Engine in.

Fuel pressure drop across the engine fuel filter.

Fuel pressure drop across the primary fuel filter.

Fuel pressure into the engine fuel filter.

Fuel pressure into the engine.

Fuel pressure into the primary fuel filter.

Coolant Pressure - Engine In RB.

Fuel temperature engine in.

Fuel temperature Engine In.

Low Oil Pressure Switch: Engine protector has tripped.
The MID of the EMDEC packet received.

The MID of the packet sent to EMDEC.

EM%@ version of the data packet received from

The MID version of the data packet sent to EMDEC.
Minimum engine speed EMDEC likes to operate at.
The priority for the maximum engine speed requested by
EMDEC.

The reason for the minimum engine speed requested by

EMDEC.
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OIPrTbR
OpDpLbP
OPDpRbP

OPEgIES
PFRDp
OPF1tIP

OPTuLPS
OPTuRPS
OTEgIF
pwidth1
pwidth2
pwidth3
TbSdLb
TbSdRb
TbSpd
TbSpdl
TbSpd2
Tmljl
Tmlj10
Tmlj11
Tmlj12
Tmljl13
Tmlj14
Tmljl5
Tmljl6
Tmlj17
Tmlj18
Tmlj19
Tml;2
Tmlj20

Oil pressure turbo RB.

Oil pressure drop across the left bank of the engine.

Oil pressure drop across the right bank of the engine.

Ol Bressine dhop s SR engine ol fler

Oil pressure into the engine oil filter.

Oil Pressure into the left bank turbo charger.

Oil Pressure into the right bank turbo charger.

Oil Temperature into the engine.

EMDEC injector pulse width from ECM #1, in degrees.
EMDEC injector pulse width from ECM #2, in degrees.
EMDEC injector pulse width from ECM #3, in degrees.
Speed of the left bank turbocharger.

Speed of the right bank turbocharger.

Speed of the right bank turbocharger.

The turbo speed of the #1 turbo.

The turbo speed of the #2 turbo.

Injection delay time for cylinder #1’s fuel injector.
Injection delay time for cylinder #10’s fuel injector.
Injection delay time for cylinder #11’s fuel injector.
Injection delay time for cylinder #12’s fuel injector.
Injection delay time for cylinder #13’s fuel injector.
Injection delay time for cylinder #14’s fuel injector.
Injection delay time for cylinder #15’s fuel injector.
Injection delay time for cylinder #16’s fuel injector.
Injection delay time for cylinder #17’s fuel injector.
Injection delay time for cylinder #18’s fuel injector.
Injection delay time for cylinder #19’s fuel injector.
Injection delay time for cylinder #2’s fuel injector.

Injection delay time for cylinder #20’s fuel injector.
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Tml;3
Tmlj4
Tml;j5
Tm]j6
Tmly7
Tmlj8
Tml;9
TPU_RPM

TPUIRPM
TPU2RPM
TqAllwl
TqAllw2

TqAllw3
WPdLbPS

WPdRbPS
WPEgILP

WPEgIRP
WPEgOtP

Injection delay time for cylinder #3’s fuel injector.
Injection delay time for cylinder #4’s fuel injector.
Injection delay time for cylinder #5’s fuel injector.
Infcchon delsy Bime for lndes 19 el hfector
Injection delay time for cylinder #8’s fuel injector.
Injection delay time for cylinder #9’s fuel injector.

Turbo Speed from 2 - WAY EMDEC link,

H - engine only.

Engine Turbo RPM from the #1 Turbo on the H - engine.
Engine Turbo RPM from the #2 Turbo on the H - engine.
Allowed engine torque from EMC 1.

Allowed engine torque from ECM 2.

Allowed engine torque from ECM 3.

Coolant (water) pressure drop across the left bank of the
engine.

Coolant (water) pressure drop across the right bank of the
engine.

Coolant (water) pressure into the engine’s left bank.
Coolant (water) pressure into the engine’s right bank.

Coolant (water) pressure out of the engine.
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B.2

AN Plug
BA Plug
BB Plug
CC Plug

CRV
ECM
EH Plug

EMDEC
EMMON

EngineR

FMI
LB
LR%MAX

EMDEC Acronyms

AN plug for the fuel injection switch.

BA plug for the injector harness on the ECM.
BB plug for the injector harness on the ECM.
Communications Plug - communications link
between the ECM and the EM2000.
Compression Relief Valve.

Fngine Control Module-Used for controlling the engine.
Fngine Harness plug-plug on the ECM for the
sensor power and feedback.

Electro-Motive Diesel Engine Control.

Laptop communication program with EMDEC.

Fngine Fuel Ratio-The engine fuel ratio generated
by EMDEC: 0.87 is the max steady state fuel or

balanced point that the injector can fuel. 0.88-0.99
is a transient zone that should never exist as a
steady state condition.

Fault Message Identification.

Left Bank.

Load Regulator % Maximum, 0 - 100, 100% engine
can sustain RPM with balanced fuel, <100% load
requested to back off either due to an engine prob.

or elect. prob.
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MAP

PC PLUG
PI PLUG

PID
PIP

PO Plug
PR1 Plug
PS Plug
RB

S Plug
SID

SRS

TRS

VHC Plug

Mainfold Air Pressure Sensor-Used to detect air box
pressure measured in inches of mercury.

Power Connection plug at the ECM for the 24 VDC.
Power plug for the 74 VDC power into the EMDEC
power supply.

Parameter Identification-Valve obtained from a sensor.
Position Identification Pointer-Reference point used
with the SRS sensor.

Power plug for the 24 VDC power out of the EMDEC
power supply to the ECM’s and Interface Board.

Power plug for the 24 VDC power to the Receiver 1.

Power plug for the 24 VDC power to the Sender ECM.

Right Bank.

S communications plug with the EM2000 on the
locomotive interface board.

System Identification—Calculated value within
EMDEC.

Synchronous Reference Sensor—-Used to let the
timing reference sensor know when to start timing.
Timing Reference Sensor-Used for timing at every
10 degrees.

Vehicle Harness Connector plug on the ECM.
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C.1

ELECTRICAL

HARNESS &
CONNECTIONS

ENGINE
HARNESS

RECEIVER
ECM

POWER
O /  HARNESS
G ! COMMUNICATIONS
PORT

EXTERNAL
HARNESS

RECEIVER
ECM

EXTERNAL
|]|/_ HARNESS
I:|‘|\ COMMUNICATIONS
I\ PORT

POWER

HARNESS

SENDER
ECM

— ENGINE

u\° HARNESS
|

SENDER
ECM

Figure C.1 ECM Harness Connections.

The information in this section describes typical
configurations. This section is provided for reference only.
Always consult the correct application schematics when

performing any maintenance or repairs.
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Figure C.2 Typical ECM.
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Figure C.4 EMDEC Sensor Diagram (Part 1 Of 2).
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Electro-Motive Service Publication

330



V/N andut leybig | €y
Vv/N andul ley6ig | 2y
V/N SAlIp J8)8Woyse | M
Vv/N ‘indur [eybig er
ndul [eybig
VIN ar GG
FLOHA Fyvds andu o | el oo - o
HEDHA €# 1Sd -JUVIS €H | anaoa1smd oua
V/N indui [eybig oy o 2
;Indur [eybig se? f .
: I [ebl JH 90 © Og=s
stons SHE
b Beip 3nd b1 oo a
isenbau onsoubelp H“ _.___mm_ a €9 16 0 oks
andureybia | z9
VIN -0 O O
and B O O 0| o
V/N induy [exbig 19 °oels
4€0HA 34VdS ndino eybig | €4 -w m m.h
Z4OHA |3uVdS 14 leubis indino wwmd| €4
‘1nd
JL9HA 3yvds nduj [eybig 14
# #
allp | uonduaseq jeuonoung |Ajaed)

V/N -, paads spiysp o= |

Y/N .+, paads spiysp 23
JLOHA | OSA “ulw )y ndut [epbig 13
QEIHA Joulanog) paadg ajqelie €a
azoHA L# 1Sd ‘34VdS ca
AdL9HA Z# 1Sd :FHVdS La
OEOHA (0ano) wmpar sosueg | €9
OZIHA |+, /8GL/80LLF VS Mulleyed | 2D
OLOHA |-, 2851/80.LLI VS Mull Bleg 10
gEOHA uomub) | ¢g
g9ZOHA b1 suibue doyg Zg
gLOHA 1B suibus o9y 19
VEOHA (0aAg) Aiddns Josuss eV
VZOHA {uuee) |Sd [00o ndino [eybig | 2y
VLOHA (wee) dwsal jooaindino [eybia | Ly

# 7
allpy  |uopnduoasaq jeuoijouny |Ajaed

Figure C.9 VHC Connector Plug Pin Assignment Cross
Reference For Sender ECM.
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= ASSIGNED

O =oPeN
> = ECM box anly

__ NOTE:
There are qty. two (2) female connector plugs that will
come attached to the MESG7C EMDEC engineTheir
plug arrangements are listed for reference only.
Connect these plugs directly to the ECM box (P/N
40100208).

Figure C.10 Injector & Sensor Harness Plugs To ECM Box.
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O - assieNED

O =oPEN

____________

Figure C.11 Control System Connections To ECM Box.
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ECM Box Connections - Typical Marine
& Power Generation

POWER IN

@2 @
8+

SENSORS

Power supply connects
here with P/N 40098553
supplied by EMD

Engine harness sensor
connects here (yellow wires)

Engine control harness
connects here with

P/N 40098551 supplied
by EMD

Engine injector harness
connects here (red wires)

Figure C.12  ECM Box Connections.
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Figure C.13 8G7C Sensor Wire Harness P/N 40098852.
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Figure C.16 OEM Connector Plug Pin Assignment
Cross Reference.
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Injector & Sensor Wiring
Typical 8-710 For Power Generation

Inj. Conn
Injector 1 < VDC _|Power
Injector 2 -+ Connector|
Injector 3 <
Injector 4 «+— “ Spare (Pressure) (128:XX - L1)
Injector Comman Spare (Pressure) (128:XX - D1)
Injector & < < Spare (P ) (128:XX - D2)
Injector & <+ Spare (P ) (128:XX - D3)
Injector 7 < Spare (Pressure) {173:XX - L1)
Injector & < Spare (Pressure) (175:XX - M1)
Injector Commaon Spare (Pressure) (17530 - N1}
Injecter 9 i
Injector 10 | Spare Discrete Outputs
Injector 11 + | Spare Discrete Qutputs
Injector 12 e E— P - ~—————pr|Spare Discrete Outputs
Injecter Commeon | Spare Discrete Quiputs
injector 13 | Spare Discrate Cutputs
Injecter 14 P | Spare Discrete Cutputs
Injector 15
Injecter 16
Injector Comman = t
Turbocharger Speed (LB) . Spare Discrete Inputs

Turbocharger Speed (RB)
Airbox Press. (LB)

Airbox Press. (RB)
Coolant Press, (Engine In)
Coolant Press. (Engine Out)
Oil Press. (Engine In)
Crankcase Press. LB) EMDEC OEM

=1 Spare Discrete Inputs
M~ f——————| Spare Discrete Inputs
Spare Discrete Inputs

¥ | PWM Outputs

FYYN

Coolant Temperature (Engine Out)y # SYSTEM Connector
Aftercocler Coolant Temperature (Int) ;
Turbo Ol Press (LB) leQilP ———p]
Turbo Oil Press (RB) hiGCP  ——
Fuel Filt. In Press [ E— hi GoolT ——
Air Ternperature (LB Airbox) hi Turbo §———#
Air Temperature (RB Airbox) ——— 1 »
Fuel Temperature (Engine In) » = |Ignition 1
Oil Temperature (Engine In) B e e JA5BT + Control
Fuel Eng. In Pressure > < J1587 - System
Engine PTO
Connector
Aftercecler Ceolant Press. (Out LB) »
Cil Temperature (Engine Out) »
Coalant Temperature (Engine In) »

_ Aftercooler Coolant Temperature (Out) >
Aftercooler Coolant Press, {In) »
Aftercocler Coolant Press. (Out RB) >

S S s ) -
Cil Viscosity - LB — >
Qil Viscosity - RB — P

Oil Fliter Press In1 (OFFI1) s o
Qil Filter Press In2 (OFPI2) ]

Fuel Filter Prass In (FFPI) —_———— |
Fuel Filter Press Out (FFPO) e ]
Lube Oil Level Switch —_—p]
Starting Air Press LB —_—p
Starting Air Press - RB —_—

Figure C.17 Injector G Sensor Wiring.
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Typical 8-710 For Power Generation

Engine Conn

O: T Speed (LB) + —»A

Turbocharger Speed (L) - —»B

C):Turhuchurger Speed [RE)+ ——————=*|C

T Spesd (RB) - |0

O: TRS + —ME

TRS - F

@sks + = *H

B ——

|— ————— Sendar Vref + Lt La
—O— Airbox Press. (RB) ————————————————¥

—.O— Coolant Press. (Engine Inj ————————————™M

T coalant Press. (Engine Outi—————————{N

= )——oll Press. (Engine In)—————————#P

O

() Turbo Oil Prass (LB)————————————»ls

[~ Press. (LB} HR

()—— Fuel filt, InPress Turbo-0itPress-{RBI———H T
_O"'— ~— Goolant Temperature (Engine Qut————®U
—O = il Tem, (Engine In} e
| ) Fuel temp AirT: ture (Engi W
'S Alr T (RB Airbox) X

. )} Fuel Eng. In Press.

Sender Vref akd

—— W

."O— O Temperature (Engine Cut) —————————p4h

— T Sensor ratum Ll
Aftercooler Coolant Temperatizre (Out) ——®j

)—— Coolant Temperature (Engine Inj ——————®{k

Pressure Sensor Vref +  —————————————lpy

Aftercooler Conolant Press. (Out LB} ————#*m

—— pftercooler Coolant Press. (QutRB) ——— g
—— Aftercocler Coolant Press. {In) ————————Fs

Pressure Sensor Vref - ——————"—%|n

SparePr ] — L\

Spare Pressure 2 ————————————v

(APIMR) (128:40 - P1)
(CPIR) (128:60 - L2)
(CPO) (128:62 - M2)
(OPI) (128:32 - R1)
(CCPR) (128:43 - N1}
{OPTUL) (128:30 - P2)
(OPTUR) (128:31 - M1)
(CTO) (128:110 - P3)
(OTI) (128:39 - R2)
{ATI) (128:45 - R3)
(ATIMR) (128:46 - N2)

{FT1) (128:50 - L1)

Figure C.18 Typical 8-710 For Power Generation.
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Typical 8-710 For Power Generation

ECM enclosure wiring - Internal Power Wiring

A ()
Sender B () ‘ O-T“-**———— A(+)
ECM |C () | &

D () .

E () OL———1 B

CH

D)

Power
Conn.

Figure C.19 ECM Enclosure Wiring - Internal Power Wiring.
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Typical 8-710 For Power Generation

E

INJ #5
INJ #7
INJ #6
INJ #8
RET

Sender
ECM

AeI®Gm

RET

INJ #4
INJ #2
INJ #3
INJ #1

Il—x‘—:tol Irncom>|

mooOw>P

Figure C.20 ECM Enclosure Wiring - Internal Injector Wiring.
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Typical 8-710 For Power Generation

ECM Enclosure Internal Engine wiring

1 O Sender Vref + K
P1 Cr Airbox Press. (RB) L
L2 Oy Coclant Press. {(Engine In} M
M. O Coolant Press. (Engina Cut) N
Sender [R1 O Ol Press. (Engine In} P
ECM [Nt O o Prass. {RB) R
P2 O Turbo Oil Prass (LB) 5
M1 Cr Fuel Filt In Press. Furbo-Oi-Rrace{RB} T
F3 O Coolant Temperatura (Engine Out) u
R2 Cr il {Engine In) W
R3 Cr Fugl Temp. Ai {Engine Turbo Iny W
N2 — Air Temperature (RE Airbox) *
L1 Q Fuel eng in Press w
Y2 % Sender Vref - Y
T2 Cr TRS + E
T1 O TRS - F
52 O SRS+ H
51 ) SRS - J
K1 O Spara Turbo Speed Input t
Engine
‘Connector
f O Ol T (Engine Out) Sig. h
a O Coolant {Out) Sig i
h Cr Coolant Temperature (Engine In) Sig k
i 18] T Sensor Ret. |
OEM |
Connector™ |
[3 Oy Pressure Sensor Sup. p
‘This m Cr Coolant Press. (Qut RE) Sig q
n Cr Coolant Press, (Out LB) Sig m
also shown p Cr it Coolant Prass. (In) Sig 5
on vehicle q Or Pressure Sensor Ret. n
sheet
5 Or Spare Pressure e [

Figure C.21 ECM Enclosure Wiring - Internal Engine Wiring.
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Typical-8-710 For Power Generation

ECM Enclosure Internal OEM wiring

53 O Aux Out3 A
T3 O Aux Out 4 _
W3 O Aux Qut 5 e |
X3 O Aux Out 6 =0
Y3 | O A Out 7 E
A3 ] (D) Sender Vref + _— F
D3 O PTO Input G
D2 O Spare Pressure 1 H
D1 O Spare Pressure 2 —_—J
Sender |H3 O Spare Pressure 3 K
ECM |C23 O Sender Vref - L
B2 O Stop Engine lamp M
B1 O Check Engine Lamp N
F3 Cr Aux Out 1 8]
AZ ) Aux Out 2 —F
Al O Aux Out 8 ———}
J1 C Aux Din 1 R
F1 O Aux Din 2 E
G3 O Diagnostic Request T
E1 O AltPTO Input —— U
F2 O Aux PWM 1 v
B3 Ignition - sender {u
c2 OEM
C_1-—‘ Connector*
Al O 1587 + —X
O J1587 - —Y
*This
connector
also shown
on enging
sheet

Figure C.22 ECM Wiring - Internal OEM Wiring.
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Injector & Sensor Wiring
Typical 12-710 For Marine & Power Generation

Inj. Conn
4 VDG [Power

Injector 1 -+ Connectar
Injector 2 -
Injector 3 - = < Spare Pressure Inputs
Injector Commen T > < Spare Pressure Inputs

- Spare Pressure Inputs
Injecter 4 -
injector S -« SparaT ire Inputs
injector 8 - a SparaT ture Inputs
Injector Common > SpareT ture Inputs
Injector 7 & ] P| Spare Discrete Outputs
Injector & - | Spare Discrete Outputs
Injectar 8 -+ P Spare Discrete Outputs
Injector Common > | Spare Discrete Outputs

| Spare Discrete Outputs

Injector 10 < | Spare Discrete Outputs
Injector 11 -
injector 12 -
Injector Common >

n Spare Discrete Inputs
Turbocharger Speed (RB) > Spare Discrete Inputs
Airbox Press. (REB) Spare Discrete Inputs
Coolant Press. (Engine In LB) Spare Discrete Inputs
Coelant Press. (Engine In RB)
Coclant Press. (Engine Out) P | FWM OQutputs
Qil Press. (Engine in)
Crankease Press, LB) EMDEC QEM

BYSTEM Connectar
Fuel Pressure (Filter n) >
Fuel Pressure (Engine In) CilpP
Scakback Qil Press > hiCCP  ———
Ajr Ternperature (Engine Turbe In) hi CoelT ———
Coolant Ter {Engine Out} hi Turbo S—————9
Alr Termperature (RE Airbox)
Fuel Temperature {Engine In) > lgnition
Oil Termperature (Engine In) > J158T7 +
Spare Temperature » J1587 - Gontrol
Engine * PTO System
Connector

Spare feed through
Spare feed through

Spare feed through

Spare feed through

Spare feed through
Spare feed through

YYYYYY

Figure C.23 Injector & Sensor Wiring.
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——— Sender Vel +

——O— Airpox Press. (RE)

Typical 12-710 For Marine & Power Generation

ECM Enclosure External Engine wiring

B
B

[+

(]

TRS + — E

TRS - F
W'_SHS . = (-
SRE - — >

L L

—»

_O— Coolant Press, (Engine In RE—————————M™M}
() Coolent Press. (Engine Out) ——————N

Sender Vel - i

RV Ve - —|z

Fuel T {Engina In} g bl

(" )—— soakback Oil Press 1
Sender Vref + *o

O

l:@
:O— Fuel Prassure engine in

e P

_O— il Press. (Engine In)

Crankcase Press. (L) ———————#R

F(—— Coolart Press, (Engine In L8) ———————#MS

Fuel Press filker in EEEEE——— U

ERCESEIEe) i
-O"_ Coolant Temperature (Engine Ouf) ———————®|U
il Temperature (Engine In) ey
Air Temperatura (Engine Turba In) ——————®W

e
(O T = (RS Altbo) >
O—

Engine Conn

(APIMR) {128:40 - P1)
(CPIR) [128:80 - L2)
(CPO) (128:62 - M2)
(CPI) (128:32 - R1}
(CCPR) {128:43 - N1)
(OPTUL) (128:61 - P2)
(128:51 - M1)
{128:50 - L1)
(CTO) (128:110 - P3)
{OT1) (128:38 - R2)
{ATI) (128:45 - R3)

(ATIMR} {128:46 - N2)

[FT1) {175:58 - R3)

(175:39 . P1)

Figure C.24 ECM Enclosure External Engine Wiring.
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Typical 12-710 For Marine & Power Generation

ECM enclosure wiring - Internal Power Wiring v1.1 22/07/03
Sender | O~ A
ECM O
|—O€ Power
O Conn.
O
0= B
| O c
Interface | 1
Board 2 ]
| 3]
= @ D
A
Receiver [B
ECM [C
D
'E_

Figure C.25 ECM Enclosure Wiring - Internal Power Wiring.
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Typical 12-710 For Marine & Power Generation

M - j i
vi11 22/07/03
A ] F INJ #10
B G INJ #12
C H
D J INJ #11
Sender |E | K RET
ECM
G | A RET
H B INJ #9
J C
K D INJ #8
L E INJ #7
A | R INJ #4
B S INJ #6
C T
D U INJ #5
Receiver |E_| \ RET
ECM
G L RET
H M INJ #3
J N
K P INJ #2
L Q INJ #1

Figure C.26 ECM Enclosure Wiring - Internal Injector Wiring.
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Typical 12-710 For Marine & Power Generation

ECM Enclosure Internal Englne wiring

W1

P

M2

i

Sender [R1

ECM N1
P2

M1

P3

M2

L1

T2 |-

T1

el

00000000000 00C

|

mm

52 |

4

51
X1
M3
Ls |

L3 |-
M3f——

Receiver [T2

ECM [T1
52

E o

S1

Rz
P3

R [—t—
Nz

00 OL C)9

P1
Wi

40073405 [ 16—

Interface | 18

Board |15
17

S EH
| 13]

—_——n

OEM
Connector™
k

“This  m

connector n

also shown p

on vehicle q
sheat

Q0 00000 0000 Q000 OOOT

Figure C.27 ECM Enclosure Internal Engine Wiring.

Sender Vref +
Airbox Press, (RB)
Coolant Press. (Engine In RB)
Coaolant Press. (Engine Out)
O Prass. (Engine In}
Crankcase Prass. (RB)
Coolant Press. (Engine In LB)
Fuel Pressure Filter in
Coalant Temperatura (Engine Out)
Qil Temperature {Engine In)
Alr Temperature (Engine Turbo In)
Alr Temperalure (RB Airbox)
Fuel Pressure engine in
Sender Vref -

TRE +
TRS -

SRS+
SRS -

Revr Viraf -

Spare Temperature
Spare Temperature
Fuel Temperature (Engina In)
Spare Temperature
Qil Pressure soakback
Revr Vref +

Spare Turbo Spaed input +
Spare Turbo Spead input -
Turbocharger Speed (RB) +
Turbacharger Speed (RB) -

Spare Feed Through
Spare Feed Through
Spave Feed Through
Spase Feed Through

Spare Feed Through
Spare Feed Through
Spare Feed Through
Spare Feed Through
Spare Feed Through

Spare Feed Through
Spare Feed Through

=T

|
“EHRz<CH®WIVEZEZCEXR

Engine
Connector

1
l
1
=h o e M

o(wa

—=—

EXETE]
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Typical 12-710 For Marine & Power Generation

ECM Enclosure Internal OEM wiring

E O Aux Out 3 A
T3 O Aux Out 4 B
w3 O Aux Out 5 c
X3 —QO Aux Cut 6 -0
73 | O Aux Out 7 —E
[A3] O Sender Vref + —F
D3 L ) PTO Input G
D2 Cr Spare Pressure 1 H
D1 |- L &) Spare Prassure 2 J
Sender |H3 O Spare Pressure 3 e 114
ECM |C3 O Sender Vref - L
B2 (@] Stop Engine lamp M
B1 O Check Engine Lamp N
F3 Cr Aux Out 1 o
A2 C Aux Out 2 P
A1 Cr Aux Out 8 Q
J1 O Aux Din 1 _— Ir
F1 ) Aux Din 2 S
G3 ) Aux Din 3 = T
E1 C AltPTO Input u
F2 O Aux PWM 1 v
B3 O— Ignition - sender e U
O Ignition - receiver —_—w
Cc2 —I QEM
[C1 |- 4O> Connector*
—‘ O 1587 + b
J1587 - —_—1Y
C2] *This
C1 |— connector
also shown
Receiver {B3 on enging
ECM sheet
A3 O Recelver Vref + rd
D1 O Spare Pressure 5 —a
D2 O Spare Pressure 6 b
D3 O Spare Pressure 7 —c
H3 O Spare Pressure 8 d
C3 | Cr Receiver Vref - e

Figure C.28 ECM Enclosure Internal OEM Wiring.
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resiston

A

A5
AB
AT
B1
BZ

B4

o3
Dz
m
c1

Typical 12-710 For Marine & Power Generation

Engine connector plug
wire color

RED / biack
RED/ green

red / WHITE
RED / white
orange /| GREEN
ORANGE / green
red / YELLOW
RED / yaliaw
red / BROWN
RED / brown

t

BLUE / rad

rad / BLACK

red / GREEN

wihite | BLACK

ORANGE red
orange / RED

GREEN / black
green / BLACK
WHITE / black

Sender Vref +
Alrbox Press. (RB)
Coolant Press. (Engine In) (LB)
Coolant Press. (Engine Out)
0il Press. (Engine In)
Crankcase Press. (RB)
Turbo Oil Press (LB}

Turbo Oil Press (RB)
Coelant Temperature (Engine Out)
Oil Temperature (Engine In)
Air Temperature (Engine Turbo In}
Air Temperature (RB Alrbox)
Sender Vraf -

TRS +
TRS -

SAS +
SRS -

Revr Viref -
Spare Temperature

—F

“xs<CH0mODEZIT

Engine
Connectar

=

ity ler Coclant T | {In}
Fuel Temperature (Engine In)
Air Temperature (LB Airbox)
Alrbox Press. (LB)
Rovr Vref =

Turbocharger Speed (LB} +
Turbocharger Speed (LB) -
Turbocharger Speed (RB) +
Turbocharger Speed (RE) -

Oil Temperature {Engine Cut) Sig,

FRGEE ]

FGLED

Afl ler Cookant T ature {Out) Sig
Coolant Temperature (Engine In) Sig
Temperature Sensor Ret

Pressura Sensor Sup.
Aftercocler Coolant Press. (Out RB} Sig
Aftarcooler Coclant Press. (Out LB) Sig

ARercocter Coolant Press. {In) Sig

Pregsure Sensor Rel.

Spare Pressure 1
Spare Perssure 2
Spare Pressure 3

Figure C.29 Engine Connector Plug.

- —

)

x <
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.J ol o!- In!ol,lu I-

PARINUMBER ITEM PURPOSE
40055368 PCReaderKit Interfaces EMDEC Computer
Digital Multimeter General Troubleshooting
15/16” Crowsfoot ApplyTorqueTolnjector
Fuel Lines
8237117 SnapRingPliers Removing70Platform/
80/90MAC Check Valves
9576512 ExtractionTool ForAMPTerminals
12085270 CrimpTool ForPackardTerminals
12085271 CrimpTool ForPackardTerminals
40003920 Insertion/Extraction  Tool For Engine Protector
Terminals
40051636 CrimpTool ForBarrelTypeTerminals
40052278 CrimpTool ForBarrelTypeTerminals
40052279 Insertion/Extraction  Tool For 12 Cylinder Power/
Sensor Plugs
AMPBY913:S S IR 51810 e TS
AMP90310-2 CrimpTool ForAMPTerminalsInAC
Cabinet
SRS/TRS Simulator  SRS/TRS Simulator Tool
Sensor Pot Box Sensor Potential Simulator
40094650 SpeedSensorGap  For710/256 HSeries Engines
Gauge
40103969 Sensor Box Simulator For710 Series Engines
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REFERENCE MATERIALS

PARTNUMBER TITLE
NOOOO8SEP Diesel Engine Troubleshooting Guide

(For EMD 645 and 710 Engines)
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ANelelz]alel):

DEVICE APPLICATION(S) RANGE

40059731 FuelPressure 0200PSIA

40063567 Fuel,Oil,EngineAir 2.8KOhmsat25°C
Airbox Temperature (Same transfer function

as shown on page 59)

40079154 CrankcasePressure -0.5t00.5PSIG

40086233 EngineAir,Airbox 3KOhmsat25°C
Temperature

40087572 Coolant,TurboOil 0-100PSIG
Pressure, Fuel Pressure

40087573 FuelPressure Engine-In 0-200PSIA

Fuel Pressure Primary
Filter-In, Oil Pressure
Engine-In, Oil Pressure
Filter-In
40089208 AirboxPressure 0-87PSIA
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