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1 Introduction and Purpose
This document is intended to provide the necessary information for correct installation of
the following Caterpillar engines into marine engine applications: C7/C9, C12, C18,
and C32
Engines covered by this publication have an A4 ECM except for the C12 which has a
A3 ECM.
NOTE: The information in this document is subject to change as engine features and
software continue to change and be developed. In addition, some of the
features described in this document are not yet released.
The information in this document is the property of Caterpillar Inc. and/or its
subsidiaries. Without written permission, any copying, transmission to others, and any
use except that for which it is loaned is prohibited.

1.1

Safety

Most accidents that involve product operation, maintenance and repair are caused by
failure to observe basic safety rules or precautions. An accident can often be avoided
by recognizing potentially hazardous situations before an accident occurs. A person
must be alert to potential hazards. This person should also have the necessary training,
skills and tools in order to perform these functions properly.
The information in this publication was based upon current information at the time of
publication. Check for the most current information before you start any job. Caterpillar
dealers will have the most current information.
Improper operation, maintenance or repair of this product may be dangerous. Improper
operation, maintenance or repair of this product may result in injury or death.
Do not operate or perform any maintenance or repair on this product until you have
read and understood the operation, maintenance and repair information.
Caterpillar cannot anticipate every possible circumstance that might involve a potential
hazard. The warnings in this publication and on the product are not all inclusive. If a
tool, a procedure, a work method or an operating technique that is not specifically
recommended by Caterpillar is used, you must be sure that it is safe for you and for
other people. You must also be sure that the product will not be damaged. You must also
be sure that the product will not be made unsafe by the procedures that are used.
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1.2

Replacement Parts:

When replacement parts are required for these products, Caterpillar recommends using
Caterpillar replacement parts or parts with equivalent specifications including, but not
limited to, physical dimensions, type, strength and material.
Failure to heed this warning can lead to premature failures, product damage, personal
injury or death.
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2

Engine System Overview

All of the engines covered in this document are designed for electronic control. The
electronic engine control system consists of the following primary components:
electronic control module (ECM), electronically controlled unit injectors, engine wiring
harness, and sensors. The following sections will provide information to better
understand the function of the components in the engine control system and basic
understanding of electronic engine control.

2.1

Electronic Engine Control

The electronic engine control strategy determines the timing and amount of fuel that is
delivered to each cylinder based on the actual and desired conditions at any given time.
The objective of the control system is to deliver best performance within emission and
engine operating limits. Following are the primary functions performed by the
electronics engine control strategy:
2.1.1 Engine Governing
The engine governor determines how much fuel to deliver to each cylinder to respond to
changes in operator demand or engine load conditions. Marine engine utilize a Full
Range Governor. Governor droop strategy is selectable through a programmable
parameter for genset and auxiliary engines. Refer to Section 12 on Engine Governor for
additional information.
2.1.2 Air to Fuel Ratio Control
The control system has full authority over engine fuel delivery. The mechanical fuel/air
ratio control is eliminated on an electronically controlled engine. Electronic control of
the fuel/air ratio provides optimum performance while limiting emissions.
2.1.3 Injection Timing Control
Injection timing is varied as a function of engine operating conditions to optimize engine
performance for emissions, noise, fuel consumption, and drivability.
2.1.4 Torque Rise Shaping
Electronic controls provide increased flexibility to tailor the torque curve over a wide
speed range.
2.1.5 Cold Starting Strategy
Before and during cranking, the engine monitors air inlet temperature, and/or coolant
temperature. Based on these inputs, the engine executes a complex cold starting
strategy that adjusts fuel volume, timing, and starting aids in order to start the engine.
Refer to Cold Starting Aid (section 15) for more information. Also, refer to the Operation
and Maintenance Manual and the Troubleshooting Guide for the engine for more
information.
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2.1.6 Cold Mode Operation
Cold mode operation is activated based on the coolant temperature. The engine power
is limited while in Cold Mode Operation. Dependant on rating engines may offer a cold
cylinder cutout strategy. Refer to the Operation and Maintenance Manual and the
Troubleshooting Guide for the engine for more information.
2.1.7 Engine Protection and Monitoring
The engine control system uses the engine sensors to monitor engine operating
conditions. Operation outside of customer or factory configured normal operating
conditions will cause the engine to employ warning, derate, or shutdown strategies as
defined in the engine protection and monitoring strategy. If any of these conditions
occurs, an Event is logged in the engine ECM. Refer to Engine Monitoring and
Protection (section 13) for more information.

2.2

Factory Configuration Parameters

Factory configuration parameters are ECM software settings that affect the emissions,
power, and identification of the engine. These parameters are programmed at the
factory during engine assembly and test. Emissions control agencies require that the factory setting for
these parameters be stamped on the engine information plate and any changes to these settings
require that the engine plate be updated along with the change to the ECM setting. The factory
configuration parameters must be reprogrammed if the ECM is replaced and/or the engine
rating is changed. These parameters do not need to be reprogrammed if the ECM is reflashed with a latest version of software flash file. Refer to the Factory Configured
Parameters section of this document for more information on definition and configuration
of each factory set parameter.
Factory configuration parameters supported:
• Engine Serial Number
• Rating Number
• Full Load Setting (FLS)
• Full Torque Setting (FTS)
Notes on Programming Parameters
1. Changing Parameters protected by factory passwords may void Caterpillar
Warranty. Consult Dealer Support Network contacts before changing these
settings.
2. In order for the programmed values to change, the key switch (switched power
only) must be cycled off and on.
3. If there is an interlock error (personality module mismatch) generated when a
new software file is flashed to the ECM or the rating is changed, then the
programmed parameters will not change. It may appear that the parameters are
changed, but they will not change until the “personality module mismatch” code is
cleared. The interlock error also disables fuel until it has been cleared.
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2.3

Engine Component Overview
C7 - C32 Marine (Equipped w/ADEM 4 ECM)

Factory Wiring
fuel injector: HEUI injector
fuel injector: MEUI injector
high efficiency pump
speed/timing sensor (cam)
speed/timing sensor (crank)
coolant level sensor
fuel temperature sensor
injection actuation pressure sensor
boost (intake manifold air) pressure sensor
intake air temperature sensor
coolant temperature sensor
fuel pressure sensor
oil temperature sensor
exhaust temperature sensor
oil pressure sensor
intake air heater

C7/C9
x
x
2x
x
x
x
x
x
x
x

x
x

C18

C32

x

x

x
x
x
x

x
x
x
x

x
x
x
x

x
x
x
x
x
x
x

x
x

2.3.1 Engine Control Module (ECM)
The ECM has two connectors, one for the Caterpillar Engine Harness and the other for
the Customer Harness.
2.3.1.1

Engine Connector (120 pin connector, J2/P2)

Engine system and control information is transmitted between the 120 pin connector on
the engine ECM and the engine components through the engine harness. The engine
harness provides the interface to the following engine components:
• Engine Sensors
• Fuel Injection System
2.3.1.2

Customer Connector (70 pin connector, J1/P1)

Customer control and display information is transmitted between the 70 pin connector
on the engine ECM and the customer installed components through the customer
harness. The customer harness provides the interface to the following components:
• Battery
• Data Links
• Customer Components
2.3.2 Software Flash File
If the ECM is correlated to a computer, then the personality module (also known as
“flash file”) is the software for the computer. The term “flash file” is derived by the method
in which the software is programmed into the ECM – a technology known as flash
programming. The flash file contains the operating maps that define the performance
Caterpillar: Confidential Yellow
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and operating characteristics of the engine. Once flashed, the ECM contains the following
information to identify the flash file and supported ratings:
Propulsion
• Engine Serial Number
• ECM Serial Number
• Software Group Part Number
• Software Group Release Date
• Software Group Description
• Rating Number
• Rated Power
• Rated Peak Torque
• Top Engine Speed Range
• Rated Engine Speed
• Test Spec
Auxiliary / Genset
• Engine Serial Number
• ECM Serial Number
• Software Group Part Number
• Software Group Release Date
• Software Group Description
• Rating Number
• Rated Frequency
• Rated Engine Speed
• Rated Real Genset Power
• Rated Apparent Genset Power
• Rating Config
• Test Spec
The information above can be viewed in the Configuration Parameter screen within the
Cat ET Service Tool.
2.3.3 Fuel Injector
The fuel injectors are electronically controlled, however there is no OEM connection to
the injectors. The OEM should ensure that any systems that are sensitive to
electromagnetic radiation (EMI/RFI) are not in proximity to the harness that leads to the
injectors.
2.3.4 Injection actuation pressure sensor (C7 and C9, HEUI only)
The IAP Sensor is installed in the high pressure oil manifold. The high pressure oil
manifold supplies actuation oil in order to power the unit injectors. The IAP Sensor
monitors injection actuation pressure
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2.3.5 Intake Air Heater (C7 and C9, HEUI only)
The engines are equipped with an electric heater that is located behind the air inlet
elbow. The electric heater has two functions:
•
•

Aid in starting
Aid in white smoke cleanup during start-up

Reference section 15 for more information on Intake Air Heater operation.
2.3.6 Fuel Pressure Sensor
Prior to exiting the fuel filter base, the fuel pressure is sampled by the fuel pressure
sensor. The signals that are generated by the sensor are used by the engine control in
order to monitor the condition of the engine's injectors. This information is used to adjust
the fuel delivery of the engine in order to optimize efficiency and to protect the injectors.
2.3.7 Dual Speed Timing Sensors
The engine speed/timing sensors are used to determine both engine speed and fuel
injection timing. The C7 and C9 sensors are both triggered by a target wheel on the
camshaft. On the C12 through C32, the Camshaft Position Sensor detects information
from a target wheel on the camshaft and the Crankshaft Position Sensor detects this
information from a target wheel on the crankshaft. Under normal operating conditions
the engine monitors one of the position sensors while cranking (camshaft) and one of
the position sensors while running (crankshaft). The design provides for optimized start
capability as well as redundancy. Should a failure occur in either of the sensor circuits,
the engine can be started and will run with only one sensor.
2.3.8 Fuel temperature sensor (C12-C32)
Fuel temperature is measured at the fuel filter base. Fuel is sampled prior to fuel exiting
the fuel filter base. Fuel temperature is monitored to adjust fuel rate calculations as part
of a fuel temperature power compensation strategy to maintain constant power when
fuel temperature exceeds 30 oC.
2.3.9 Intake Manifold Pressure (Boost) Sensor
The Boost Pressure Sensor is an absolute pressure sensor measuring intake manifold
air pressure. Boost Pressure as displayed by service tools and communicated over the
data link is the value obtained by subtracting the atmospheric pressure (as measured by
the Atmospheric Pressure Sensor) from the absolute value measured by the Boost
Pressure Sensor.
2.3.10 Intake Manifold Air Temperature Sensor
Intake Manifold Air Temperature is used to determine temperature of the air intake to
the engine. This sensor output is used in controlling the Inlet Air Heater and for Engine
Monitoring.
2.3.11 Coolant Temperature Sensor
Coolant Temperature Sensor is used to determine temperature of the coolant leaving
the engine. This sensor output is used in cold start strategies and for Engine Monitoring.
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2.3.12 Oil Pressure Sensor
The Oil Pressure Sensor is an absolute pressure sensor measuring oil pressure in the
oil gallery. The pressure measured by this sensor is the Oil Pressure, minus
atmospheric pressure, as displayed on the service tools and communicated over the
data link. The ECM uses this sensor input for engine monitoring.

2.4

Engine Component Locations

Engine components locations are different for all engine models. Please refer to the
engine schematic located in the service literature (SIS web) for the locations of the
specific engine components.
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3

Customer System Overview

3.1

Customer Configuration Parameters

Customer configuration parameters are ECM software settings that the customer
can change in order to suit the needs of the specific application. These parameters
are changed within the configuration screen in Caterpillar Electronic Technician (Cat ET).
Default values for these parameters are set in the factory when the new ECM is flash
programmed for the first time. The customer configuration parameters must be
reprogrammed if the ECM is replaced and/or the engine rating is changed. These
parameters do not need to be reprogrammed if the ECM is re-flashed with a latest version
of software flash file.
Refer to the Appendix sections for customer configuration parameters and monitoring
system parameters for a complete list of supported programmable parameters. Further
definition of each parameter can be found within the section of the document that defines
a software feature that uses the parameter to support installation or operation of that
specific software feature.
Notes on Programming Parameters
1. Changing Parameters protected by factory passwords may void Caterpillar
Warranty. Consult Application Support Center contacts before changing.
2. In order for the programmed values to change, the key switch (switched
power only) must be cycled off and on.
3. If there is an interlock error (personality module mismatch), then the
programmed parameters will not change. It may appear that the
parameters are changed, but they will not change until the “personality
module mismatch” code is cleared. Personality module mismatch must be
resolved before engine is returned to service.
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3.2

Customer Component Overview

Marine engines offer a set of application features that can be specified by the customer
to meet the application operating requirements. Application of these features requires a
different set of customer installed components based on the features selected. Each
installation requires the minimum set of customer installed components listed in the
Required Customer Installed Components Table. Customer installed components for
application specific features are listed in Optional Customer Installed Components table.
See the section identified with each component for more information on component
usage and requirements.
Required Customer Installed Components

Required Components

Section

Battery
Battery disconnect switch
Key Switch
Speed Demand Input (1)
Engine Service Tool Connector

Power and Grounding Considerations
Power and Grounding Considerations
Power and Grounding Considerations
Engine Speed Demand
Connectors and Wiring Harness Requirements

(1) Speed Demand input for Aux/Genset engines may come from J1939 or EMCP device.

Optional Customer Installed Components

Optional Components

Section

Remote Shutdown switch
Secondary Throttle Position sensor
Torque Limit switch (C32 only)
Trolling Mode Switch
Slow Vessel Mode Switch
Low Idle Switch
Warning lamp
Diagnostic lamp
Maintenance Clear switch
Maintenance Indicator lamp
Event Reset Switch
Inlet Air Heater Battery Connection (C7 & C9)
Coolant Level sensor
Transmission Oil Pressure sensor
Transmission Oil Temperature sensor
Exhaust Temperature Sensor
Hour Meter
Tachometer
Trip Clear Switch
Engine Oil Temperature Sensor
Aftercooler Coolant Level Sensor
Fuel Level Sensor
Electronic Troll Processor
Droop Isochronous Switch
J1939 Data Link
J1939 Terminating Resistors
CMPD / MPD / MAPD / MMPD
Multi Station Control

Starting and Stopping the Engine
Engine Speed Demand
Engine Speed Demand
Engine Speed Demand
Engine Speed Demand
Engine Speed Demand
Engine Monitoring and Protection
Engine Monitoring and Protection
Engine Monitoring and Protection
Engine Monitoring and Protection
Engine Monitoring and Protection
Cold Starting Aid
Optional Sensors
Optional Sensors
Optional Sensors
Optional Sensors
Customer Installed Components
Customer Installed Components
Customer Installed Components
Optioal Sensors
Optioal Sensors
Optional Sensors
Customer Installed Components
Engine Governor
Data Link Support
Connectors and Wiring Harness Requirements
Marine Power Displays
Multi Station Controls
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4

Power and Grounding Considerations

4.1

Power Requirements

4.1.1 System Voltage
The electronic control system can operate with either a 12 VDC or 24 VDC electrical
system. 12 VDC system is only available with select models. The switched positive
battery and the un-switched positive battery connections to the ECM are made at the
customer harness connector.
The minimum voltage required for the ECM, at the 70 pin connector, to actuate the fuel
injectors, regardless of system voltage (12 VDC or 24 VDC) is 10 VDC. The ECM monitors
system voltage input (un-switched power) and triggers a diagnostic code if the voltage
drops below 10 VDC and then returns above 10 VDC. C32 engines trigger a diagnostic
code if the voltage drops below 18 VDC and then returns above 18 VDC.
The batteries, charging system, starter, and associated wiring must be sized and
designed correctly to allow the starter to crank the engine to an appropriate minimum
engine speed to start the engine. The engine installation should meet the minimum
cranking speeds at the COLDEST ANTICIPATED TEMPERATURES. For C7 and C9
the minimum cranking speed required to start the engine is 150 rpm. For all other
engines, the minimum cranking speed required to start the engine is 100 rpm.
4.1.2 Battery (+) Connection
The ECM requires 3-5 un-switched Battery (+) inputs (depending on engine model) and
an Ignition Key Switch input. When the Key Switch is in the off position, the ECM is in
sleep mode where it draws a very small residual current thru the un-switched battery
inputs. When the Key Switch input is turned on, the ECM will become active, allowing
the engine to start and run.
The Ignition Key Switch input (switched power) is made through pin 30 in the 70 pin
customer connector and carries approximately 1.2 mA (for a 12 VDC system).
The un-switched Battery (+) input connections are made through pins 1, 5, 8, 50, & 51
of the 70-pin customer connector. These inputs should be supplied from a power
distribution panel provided by the vessel that has appropriate over current protection.
These inputs carry all power to the ECM during peak demand. These inputs provide the
ECM power when the engine key switch is in the off position. Refer to the table below
for more information on ECM current requirements. All of these un-switched Battery (+)
inputs must be provided and sized correctly to insure proper engine performance. ECM
power supply conductors should be sized to meet the current and voltage drop
requirements at the “Normal Operating Current – Peak” from Table 3.
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ECM Current Requirements

Parameter
12V
Sleep Mode Current (Key Switch off)
Power On with no I/O (Key Switch on - not running)
Inrush Amplitude
Inrush Duration
Normal Operating Current - Ave.
Normal Operating Current - Peak
Normal Operating Current - RMS
24V
Sleep Mode Current (Key Switch off)
Power On with no I/O (Key Switch on - not running)
Inrush Amplitude
Inrush Duration
Normal Operating Current - Ave.
Normal Operating Current - Peak
Normal Operating Current - RMS

A3

A4

6.7 mA
550 mA
35 A
8 ms
1.1 A
20
7.1 A

6.5 mA
1500 mA
50 A
4 ms
2.0 A
22 A
7.7 A

7.5 mA
450 mA
50 A
5.5 ms
0.7 A
16 A
2.2 A

12 mA
850 mA
96 A
3 ms
1.0 A
17 A
4.0 A

4.1.3 Circuit Protection
Each of these un-switched Battery (+) inputs requires appropriately sized circuit breaker
rated for a continuous duty load in accordance with Table 3. Powering the ECM
through dedicated circuits with circuit breakers reduces the possibility of degradation of
electronic control system performance. This also minimizes the chance of an engine
shutdown due to a short in the electrical system. Additional loads should not be
connected between the ECM and the circuit protection for the ECM. Circuit protection
wiring is illustrated in the figure below. The circuit protection should be located in an
easily accessible, and documented location.
NOTE: DO NOT use in-line fuses for circuit protection. Caterpillar recommends the
use of circuit breakers for circuit protection. Circuit breakers should be located
with other circuit protection in a centrally located, dedicated panel. If circuit
breakers that automatically reset are used, consideration of the environment of
the location of the breaker is critical and the effect on the trip point is critical.
The trip point of some circuit breakers can be significantly reduced below the
rated trip point if the circuit breaker is exposed to high temperatures. This can
cause intermittent shutdowns that result in the needless replacement of
electronic components.
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Battery (+) Wiring and Circuit Protection Diagram

NOTE: Example Diagram references a 12V system with individual breakers. It is also
acceptable to use a single breaker to protect all of the power conductors
depending on your local regulations and marine standards.
4.1.4 ECM Internal Battery
The ECM has an internal battery that powers critical circuits and battery backed
memory when all power sources are disconnected from the ECM. The internal battery
is expected to meet a 15 year battery life if the ECM is stored, or switched off without
any external battery connection, at a storage temperature at or below 30oC. The exact
storage life is dependent on temperature. The storage life may fall to as low as 10
years if the storage temperature is elevated to 70oC.
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4.2

Engine Grounding

Proper grounding for vessel and engine electrical systems is necessary for proper
performance and reliability. Improper grounding results in unreliable electrical circuit
paths. Stray electrical currents can damage main bearings, crankshaft journal surfaces,
and aluminum components. They can also cause electrical noise degrading control
system, vessel, speedometer, and radio performance. These issues may also cause
unexplained corrosion issues. These problems are often very difficult to diagnose and
repair.
All ground paths must be capable of carrying any conceivable fault currents.
4.2.1
•
•
•

Correct Power Supply Wiring
ECM Battery (+) wires connect direct to battery, not via starter motor
ECM Battery (-) wires connect direct to battery, not via vessel or engine ground
Power supply wires go to all 3-5 positive pins and all 3-5 negative pins on the
customer connector. Conductors must be sized appropriately to handle circuit
current demands.
• Supply power from source battery, and distribution panel should be as short as
possible to reduce conductor, and junction voltage drop. (Critical with 12 volt
systems)
1. A 12 volt system with engine running at maximum demand must NEVER be less
then 10 volts a the the 70 pin customer power connections.

4.2.2 ECM Battery (-) Connections
The A4 ECM requires 5 Battery (-) connections to Battery (-). These 5 ECM Battery (-)
input connections are made through pins 2, 3, 9, 52, and 53 on the 70 pin customer
connector. All five of these pins should have a direct path to the negative terminal on
the battery, not grounded to any other ground location. Check the schematic for your
engine model to determine the number of power connections.
4.2.3 Marine Specific Engine Grounding
4.2.3.1

Grounding Practices.

The electrical system for the vessel and the engine must be properly grounded. Proper
grounding is necessary for optimum engine performance and reliability. Improper
grounding will result in uncontrolled electrical circuit paths and in unreliable electrical
circuit paths.
Uncontrolled electrical circuit paths can result in damage to main bearings, to crankshaft
bearing journal surfaces, and to aluminum components. Uncontrolled electrical circuit
paths can also cause electrical noise. Electrical noise may degrade the performance of
the vessel and of the radio. The alternator, the starting motor, and all of the electrical
systems MUST be grounded to the negative battery terminal. Alternators must meet
marine isolation requirements. Starting motor must also meet marine isolation
requirements.
For case grounded alternators the installer must insure that the alternator is isolated
from the engine and that the alternator ground has a direct path back to the negative
battery terminal.
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A bus bar with a direct path to the negative “-” battery terminal is permissible and
recommended for use for all components that require a negative “-” battery
connection. The bus bar should be directly connected to the negative “-” battery
terminal. Depending on hull material and marine requirements a bonding cable can also
be connected from the cylinder block to the bus bar on the negative “-” battery
connection.
Use of a bus bar ensures that the Electronic Control Module (ECM) and all of the
components that are connected to the ECM have a common reference
point.

NOTE: The illustration above depicts an isolated electrical system.
4.2.3.2

Galvanic Corrosion

All hulls that operate in water will be subject to some galvanic corrosion. Place two
different metals in seawater, connect them with a wire and current will flow from one to
another. When the current flows, metal particles from the basic metal will deposit
themselves on the noble (more corrosion resistant) metal. Eventually the basic metal
will corrode away. Galvanic activity usually progresses slowly, sometimes taking
months or years before serious corrosion is apparent. The voltage difference between
the two metals may be only millivolts (1/1000ths of a volt). Stray currents, on the other
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hand, can be thousands of times greater and can destroy expensive components in
hours.
There are many things that can be done to help prevent stray current corrosion. With
respect to the engine installation, the following list should be considered:
•
•
•
•

Use a common ground for all systems. Use a keel bolt to an external ground
plate, not the engine block.
Install an isolation switch to disconnect your battery when not in use. Refer to
Section 4.4
Do not create current paths through the engine or transmission. If you bond the
engine cylinder block to the common ground, you need to bond the transmission
or other attached components to the ground as well.
Make sure to check the zinc anodes frequently on new installations for
indications of potential stray currents. If stray currents are present the zinc
anodes can erode very quickly. Inspections can be decreased once you have
determined that the system is stable.

It is recommended that you consult will an industry expert when designing your vessel
to make sure that you have addressed the issue of galvanic corrosion. Different issues
may arise based on the drive system, hull material, types of equipment installed on the
vessel, and issues arising from “Hot Marinas” (Marinas with substantial DC current
running through the water). Another good reference for issues of bonding and galvanic
corrosion is ABYC Electrical Standard, E-11.

4.3

Suppression of Voltage Transients

The installation of transient suppression at the source of the transient is recommended.
Caterpillar follows a stringent electrical environment standard that is similar to SAE
recommended practices.
The use of inductive devices such as relays and solenoids can result in the generation
of voltage transients in electrical circuits. Voltage transients that are not suppressed can
exceed SAE specifications and lead to the degradation of the performance of the
electronic control system.
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Voltage Suppression Diagram

Power Power Power Power

The Customer should specify relays and solenoids with built-in voltage transient
suppression. There are ways to minimize voltage transients from relays and solenoids
without built-in voltage transient suppression. Techniques include the installation of a
diode or resistor of the proper size in parallel with the solenoid or the relay coil. Other
techniques may also be used.
Inductive devices such as relays or solenoids should be located as far as possible from
the components of the electronic control system. Wiring harnesses that are installed by
the Customer should be routed as far as possible from the wiring harness of the
electronic control system in order to avoid problems that are associated with electrical
noise.

4.4

Battery Disconnect Switch

The customer should incorporate a battery disconnect switch on the positive battery
side of the battery circuit. The purpose of this switch is to disconnect the battery during
long-term storage and to prevent electrical shock during service. This switch should not
be used as an Emergency shutdown switch or as an E-Stop.
Solid-state electrical devices can be damaged by the use of battery disconnect
switches. These switches often interrupt load-bearing circuits and at the instant of a
circuit disconnect, transient currents and voltages can cause failure in any component
whose transistors are not specifically protected. Transient suppressers are to be used
where applicable. Suppressers absorb current surges to prevent exposing these surges
to sensitive electronic systems.
The ECM will be using the internal battery when the battery disconnect switch is open.
Refer to section on Power Requirements (section 4.1.4) for information on ECM Battery
life.
NOTE:
NOTE:

The battery disconnect switch is not an emergency shutdown switch.
Only use battery disconnect switches that do not cause voltage transients
(spikes).
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4.5

Welding on a Machine with an Electronic Engine

Before welding on a vessel equipped with an electronic engine, the following
precautions should be observed.
• Turn the engine OFF. Place the ignition key switch in the OFF position.
• Disconnect bulkhead connectors J1 and J2 on engine ECM.
• Disconnect the power from the power source to the engine.
NOTICE
DO NOT use electrical components in order to ground the welder.
Do not use the ECM or sensors or any other electronic component in
order to ground the welder. Clamp the ground cable for the welder to
the component that will be welded.
Place that clamp as close as possible to the weld. This will reduce
the possibility of damage to the bearings of the drive train, hydraulic
components, ground straps, and other components of the vessel.
•
•

Clamp the ground cable of the welder to the component that will be welded.
Place the clamp as close as possible to the weld.
Protect any wiring harnesses from welding debris and spatter. Use proper
welding procedures in order to weld the materials.
Welding on Engine Guideline Diagram

In the figure above, the current flow from the welder to the welder ground will not
cause damage to any of the associated components.
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5

Connectors and Wiring Harness Requirements

Marine Engines have different connectors for the customer to interface to the engine
ECM depending on the engine model. The options are summarized as follows:
•
•
•

Customer Harness (Standard 70 Pin Deutsch connector)
Customer Harness – Auxiliary and Genset (40 Pin Deutsch connector)
Factory Installed Panel

Customer harness and factory installed panels provide the 70 pin connection to the
ECM, a service tool connector on engine, and a customer interface connection. The
customer interface connection can vary depending on which attachment option is
selected. Typically the customer connector interface is a Deutsch DRC 70 pin
connector, for some Auxiliary and Genset applications a Deutsch DRC 40 pin is
standard.
This section covers component and wiring harness design requirements for the
customer to design the required harnessing to interface to the engine. The pinout
information for the ECM and Customer Harness connectors are not included in this
section. The pinout information can be found within the section that defines a
components installation and also in pinout summary table in Appendix 2.
!CAUTION! Caterpillar standard wiring harnesses do not meet all of the specifications
necessary to operate in an area that has been designated as a Hazardous Location. If
your application requires Hazardous Location requirements, contact your Application
Support team for assistance.

5.1

Wiring Harness Components

5.1.1 Deutsch DT Connector
The DT connector is the low cost preferred choice for inline applications. The connector
is available in 2,3,4,6,8 and 12 terminal configurations. It is also intended for SAE
J1939 application use. The wire size range the connector will accept is 0.8 mm2 (18
AWG), 1.0 mm2 (16 AWG), and 2.0 mm2 (14 AWG). The plug assembly with interface
seal accepts socket terminals and the receptacle assembly accepts pin terminals.
Sealing plugs are to be used in unused wire cavities.
A DT connector has a wedge that locks the pins and the sockets in place. The wedge
can be removed and replaced without cutting the wires. The Wedge Removal Tool (p/n
147-6456) can be used to aid in the removal of the wedges. When the receptacle is
inserted into the plug, a click should be heard as the two halves lock together. The
connector should not be able to be pulled apart.
Following tables contain the Caterpillar part numbers for DT inline connector plug and
receptacle kits for all available number of pin positions. The kit comprises of the plug or
receptacle and the respective locking wedge.
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Standard DT Connectors
Cat Part Number
Positions
Plug Kit
Receptacle Kit
2
155-2270
102-8802
3
155-2260
102-8803
4
155-2271
197-7565
6
155-2274
102-8805
8
155-2265
102-8806
12
155-2255
102-8801
J1939 DT Connectors (All 3 Position)
Component
Cat Part Number
Plug Kit
174-0503
Receptacle Kit
176-9299
Plug Resistor
174-3016
Receptacle Kit
134-2540
Receptacle Tee
133-0970
The connector is available with a wire seal endcap. The endcap is recommended for
connector applications where constant exposure to fuel and engine oil is expected (i.e.
fluid filter service areas, etc.). Occasional exposure to oil and fuel does not require a
connector with an endcap. The connector with endcap should not be used
indiscriminately as a cost penalty of 15 to 55% exists. Reference document REHS0970
for more information on these connectors.
The connector has also been configured for bulkhead mountings and integral
component applications (e.g. lamp housing, engine sensor, etc.). Terminal
configurations and mounting configurations vary for these applications. Contact the
local Deutsch sales contact for more information on these connectors.
5.1.2 Deutsch HD Connectors
This circular connector is used for inline and bulkhead applications. It is more
expensive than other connector choices but easier to adapt to wire harness conduit
applications (i.e. CSA, Marine, etc.). The connector is available in 3,6, and 9 terminal
configurations. The wire size range the connector will accept is 0.8 mm2 (18 AWG), 1.0
mm2 (16 AWG), and 2.0 mm2 (14 AWG), and 3.0 mm2 (12 AWG). The plug assembly
with interface seal accepts socket terminals and the receptacle assembly accepts pin
terminals. Sealing plugs are to be used in unused wire cavities.
Ensure that the wires in the plug align with the corresponding wires in the receptacle.
Ensure that the index markings on the plug and the receptacle are aligned. Rotate the
plug until the plug slips into the receptacle. Rotate the coupling by approximately 90
degrees until a click is heard. Ensure that the plug and the receptacle cannot be pulled
apart.
Following table contains the Caterpillar part numbers for HD inline connector plug and
receptacle for all available number of pin positions. Most common usage for the HD
connector is the 9 Position connectors used for Cat service tool interface.
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HD Connectors
Positions
Plug Kit
3
8T-8731
6
8C-3654
9
8T-8735

Receptacle Kit
8T-8732
7T-3272
8T-8736

Interface sealing caps and wire strain reliefs are available for the connectors. Contact
the local Deutsch sales contact for more information on these components.
5.1.3 Deutsch DRC / AEC Connector
The connector is available in 24, 40 and 70 terminal configurations. It can be used for
inline or bulkhead mountings. The connector is frequently used in electronic box
applications. The wire size range the connector will accept is 0.8 mm2 (18 AWG), 1.0
mm2 (16 AWG), and 2.0 mm2 (14 AWG). The plug assembly with interface seal accepts
socket terminals and the receptacle (header) assembly accepts pin terminals. Sealing
plugs are to be used in unused wire cavities.
The optional Caterpillar Customer Harness uses the DRC 40 terminal configuration.
Customer interface with this harness is the 40 Position plug connector (Caterpillar part
number 8T-9834). This connector is labeled as P61 on engine wiring schematics. The
DRC connectors are keyed to align correctly when the two parts are mated together.
An allen head screw holds the two connectors in place. Ensure that the allen head
screw is tightened to a torque of 2.25 + 0.25 Nm (20 + 2 lb in).
5.1.4 ECM 70 Pin Connector
5.1.4.1 ECM 70 Pin Mating Connector (J1)
The ECM uses an integral rectangular 70 Terminal AMP connector to interface to the
OEM engine wiring harness (AMP part number 776241-1, Caterpillar part number 1607689). ECM Connector Screw torque should be 6 N•m ±1 N•m (4.4 lb.- ft. ± 0.7 lb.- ft.,
53 lb. - in. ± 8.9 lb. - in.).
5.1.4.2 ECM Connector Endbell
An AMP 776498-1 (Caterpillar part number 237-0336) Connector Endbell is available to
provide additional protection and controlled wire routing for the harness at the ECM.
This is a new part number for the ADEM A4 control.
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ECM Customer Connector (J1)

1

13

1

23

14
24

14

40
32

24

58
48

40

2

3

4

5

6

8

23
31

35

36
47

48

57

31
47
39
70
57

58 59 60 61 62 63

ECM Side

9 10 11 12 13

> PEI<

65 66 67 68 69 70

Harness Side

OEM
Harness
Connector
J1/P1

5.1.4.3 ECM harness Tie Down Point
The ADEM A4 ECM has a harness tie-down point mounted to the ECM. A flexible strap
may be employed to secure the OEM harness to this bracket. The use of this bracket
requires a different harness dress cover called an End Bell.

Harness tie
down point
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5.1.4.4 ECM 70 Pin Connector Sealing (Weatherproofing)
ECM Connector Interface seal is serviceable using Caterpillar part number 159-9322.

58

70

48

57

40

47

32

39

24

31

14

23

1

13

Connector Interface Seal

5.1.5 Connector Terminals
The terminals available for production use are stamped and formed, or machined. The
lowest cost terminal option is stamped and formed. Machined terminals are also used
for field repair. Terminals are available with nickel or gold plating.
Gold plating should be used for applications of 5 volts or less and/or less than 100
milliamps. Typically these low level circuits require low resistance at the pin/socket
connection and gold plating is the best low cost choice. Nickel plated terminals can be
used in power type circuits or circuits where low resistance at the pin/socket connection
is not a concern.
NOTE: Deutsch nickel-plated stamped and formed terminals are not recommended for
use because of excessive voltage drop experience in laboratory tests.
Wire Usage (AWG - type)
ECM Connector (J1)

Contact

Type

Plating

Cat P/N

#16/ #18 - SXL and
#14/#16/#18 – GXL

Socket

Stamped &
Formed

Gold

126-1766

Machined
Machined

Gold
Gold

126-1768
9X - 3402

Machined
Machined
Machined
Machined
Machined
Machined
Machined
Machined

Nickel
Nickel
Nickel
Nickel
Gold
Gold
Gold
Gold

9W-0844
9W-0852
186-3736
186-3735
126-1768
126-1767
9X-3402
9X-3401

Machined

Gold

133-0969

Machined

Gold

133-0967

#14 - All
Socket
#16/ #18
Socket
HD/DT Connector (Standard)
Socket
#14
#14
Pin
#16/ #18
Socket
#16/ #18
Pin
#14
Socket
#14
Pin
#16/ #18
Socket
#16/ #18
Pin
DT Connector (J1939 only)
Socket
#16/#18 (J1939)
(extended)
#16/#18 (J1939)
Pin (extended)
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5.1.6 Wire Type and Gauge Size
5.1.6.1 Wire selection
Wire must be of a type suitable for the application. Wire must be selected so that the
rated maximum conductor temperature is not exceeded for any combination of electrical
loading, ambient temperature, and heating effects of bundles, protective braid, conduit
and other enclosures. Typical factors to be considered in the selection are voltage,
current, ambient temperature, mechanical strength, connector sealing range, abrasion,
flexure and extreme environments such as areas or locations susceptible to significant
fluid concentrations.
5.1.6.2

Wire Size

The minimum conductor size used on Caterpillar products is 0.8 mm2 (18 AWG).
Smaller conductors are susceptible to breakage and fatigue failures. Refer to SAE J378,
Marine Propulsion System Wiring or ABYC E11 for further information on conductor size
requirements.
ECM wire size minimum requirements per connection are
Circuit
Battery Negative
Positive Battery: Switched
Positive Battery: Un-switched
Digital Sensor Power
Digital Sensor Return
Analog Sensor Power
CAT Data Link (1)
J1939 (CAN) Data Link (2)
Switch to Ground
Low Side (300 mA) Driver
High Side (2 A) Driver

Metric Equivalents for AWG Wire Numbers
AWG
20
19
18
16
2
Diameter (mm ) 0.5
0.65
0.8
1

Size (AWG)
16
16-18
16
16-18
16-18
16-18
18
18
16-18
16-18
16

14
2

12
3

4
19

5.1.6.3 Wire Insulation
Caterpillar uses SXL or GXL wire insulation for the on-engine circuits. Both are material
XLP (Cross Link Polyethylene). Refer to relevant Marine Society documentation or SAE
J378 or ABYC E-11 for recommended wire insulation types.
5.1.6.4 Battery Cable conductors
Battery cables must be appropriately sized to meet cable length and power carrying
requirements. The Caterpillar preferred minimum cable size for the starting system is
referenced in the Starting System A&I guide, LEBW4980-04.
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Electrical connections are often a source of problems in any application. Shipboard
electrical systems that are exposed to salt air and water are especially susceptible
because these elements are highly corrosive. Electrical connections are usually made
of dissimilar metals. Corrosion is more destructive between dissimilar metals. Use a
minimum number of connections, especially with battery cables. The following items
are good practices for electrical system connections:
• When making electrical connections between wires, connect wires mechanically
so tugging or pulling can be withstood without any other treatment of the joint.
• Coat the joint and the nearest portions of each wire with electrical solder. Do not
expect solder to increase joint strength. The solder is for corrosion protection.
5.1.7 Connector Seal Plug
All unused cavities for sockets and pins must be filled with Seal Plugs in order to ensure
that the connector is sealed. Two options are available for plugging unused connector
cavities. Either the Deutsch 114017 (Caterpillar part number 8T-8737) or PEI Genesis
225-0093-000 (Caterpillar part number 9G-3695) sealing plugs can be used.
Plug Insertion in unused Connector Cavity

C o rre c t

A V O ID

The seal plugs are installed from the wire insertion side of the plug or receptacle. Correct
installation of either of these cavity plugs is critical to maintain connector sealing
integrity. The figure above illustrates the correct insertion of the plug. The seal plug
cap is designed to rest against the seal, not inserted in the hole in the seal.

5.2

Wiring Harness Design

5.2.1 Harness Routing
Wiring shall be routed to ensure reliability and to offer protection from the following:
1.
2.
3.
4.
5.
6.
7.

Chafing/rubbing/vibrating against other parts.
Use as handholds or as support for personal equipment.
Damage by personnel moving within the vessel.
Damage by impact, thrown or falling debris.
Damage by battery acid fumes, engine oil, fuel, and coolant.
Vandalism damage (to the maximum extent practicable).
Damage by moving parts.
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8. Harsh environment such as high temperatures, or areas susceptible to significant
fluid or fume concentration.
Wire harnesses shall not be located in close proximity to oil and fuel fluid fill areas or
below fuel and oil filter locations. If these locations cannot be avoided then additional
protective covers and shields must be provided to protect the harness.
Harnesses shall be located a minimum of 50 mm from high heat sources (e.g. exhaust
manifolds, turbo chargers, etc.) to avoid insulation and/or connector deterioration.
5.2.2 Maintenance Considerations
The maintainability of the wiring system shall be an important consideration in the
selection, design and installation of harnesses, cable assemblies and other wiring
system components. All wiring components shall be accessible, repairable and
replaceable (i.e. connector terminals).
High-pressure wash systems are now in frequent use by maintenance people. When
locating electrical connectors, place them in accessible locations while using other
physical elements for protection and prevention of direct exposure to wash systems
(e.g. brackets, housings, sheet metal structure, etc.). Where direct exposure to highpressure wash systems cannot be avoided then protective shields will need to be
designed and installed.
5.2.3 Appearance
The primary purpose for the wiring system is to provide electrical and electronic
component function. There is, however, another important and intangible value to
consider when designing the wiring system. The appearance of the wire harness and its
routing path should reflect an orderly, well thought out design plan. A poorly executed
plan can have a negative impact on customer perceptions of the entire product. Use the
products horizontal and vertical lines for routing paths. Design preformed bends into
large harnesses to facilitate product assembly and improve appearance. Use other
product elements to shield or hide the harness from view. Benchmark new automotive
product applications for ideas.
5.2.4 Harness Bends
Routing of the harness should insure connector seals are not stressed because the
harness curvature is too close to the connector. This applies to routing of customer
lines on or near the engine harness as well as the ECM Customer Connector.
The minimum bend radius for a braided wire harness as measured from the inside of
the bend shall be four times the outer diameter of the harness. Tighter bends are
possible if the bend is preformed during harness manufacture. The bend radius size and
location must be specified on the wire harness drawing
Bends in jacketed cables shall be based on manufacturer recommendations. A bend
must not adversely affect the operating characteristics of the cable. For flexible coaxial
cables, the bend radius must not be less than six times the outside diameter. For semirigid coaxial cable, the bend radius must not be less than ten times the outside diameter
of the cable.
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The minimum bend radius for flexible conduit must be six times the outer diameter of
the conduit. Conduit bends shall not cause internal chafing of the wiring.
5.2.5 Harness Bends Near Connectors
Avoid wire harness bends within 25 mm (10 in) of the connector. When a harness bend
is too close to the connector, the connector seal is stretched away from the wire,
providing an opening for moisture entry. The wire should exit perpendicular to the
connector before curving as necessary for routing. Refer to illustration below for an
example.
Example of Wire Harness Routing at the ECM Connector

AVOID
Correct

Wire harness bends near a connector must be no less than twice the wire harness
diameter. Special consideration shall be given to connectors with large wire counts.
Stresses placed upon the retention system of the connector can cause contact retention
failures and wire pull out. In order to avoid this problem consider the following options:
1. Pre-form the harness to the required bend. The harness assembly drawing shall
detail the harness bend requirements (e.g. location and radius). The harness
braid protection should be applied up to the tangent point of the bend furthest
from the connector. Connector orientation to the bend may be necessary and
should be specified on the harness print.
2. If harness braiding is used, increase the unbraided harness length to 150 mm.
This will allow the wires to fan out when the harness is bent, greatly reducing the
forces placed on the connector contact retention system. The connector should
also be oriented properly with respect to the harness so that upon installation to
the product the harness will not need to be twisted to align the connector.
5.2.6 Drip Loop
When a harness is routed downward to a connector, terminal block, panel, or junction
box, a trap or drip loop shall be provided in the harness. This feature will prevent fluids
or condensate from running into the above devices.
5.2.6.1 Sealing Splices and Ring Terminals
Caterpillar requires all ring terminals and splices connected to the Engine ECM be
sealed using Raychem ES2000 adhesive lined heat shrink tubing or equivalent. Refer
to the table below for heat shrink tubing sizing information.
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Heat Shrink Tubing Reference Table

Cat Part Number
8T-6342
3E-9553
125-7874
9X-2109
125-7875
119-3662
125-7876
8C-3423

I.D. Before
(mm)
3.20
4.70
5.72
6.40
7.44
17.78
68.00

Shrink
(inch)
0.126
0.185
0.225
0.252
0.293
0.427
0.700
2.678

I.D. After
(mm)
1.58
1.78
1.27
3.20
1.65
2.41
4.45
22.00

Shrink
(inch)
0.062
0.070
0.050
0.126
0.065
0.095
0.175
0.866

5.2.7 Wire Connection Crimp Guidelines and Tooling
5.2.7.1 Wire Crimp Guidelines
The following requirements ensure the correct installation of terminals in the connectors:
• Do not solder the sockets and pins to the wires.
• Never crimp more than one wire into a socket or a pin. Connector pins and
sockets are designed to accept only one wire of a specified gauge or gauge
range, do NOT insert multiple wires of a smaller gauge.
• All sockets and pins should be crimped on the wires. Use the Crimp Tool
(Caterpillar part number)1U-5804 for 12 to 26 AWG wire.
• Perform the pull test on each wire. The pull test is used to verify that the wire is
properly crimped in the terminal and the terminal is properly inserted in the
connector. Each terminal (socket or pin) and each connector should easily
withstand 45 N (10 lb) of pull and each wire should remain in the connector body.
5.2.7.2 Wire connection crimp tooling
Crimp Tool Options

DIE

Locator
N/A

Go
(inches)
0.045

No-Go
(inches)
0.50

Deutsch Hand Tool HDT-4800
Pico Model 400

N/A
414DA- 16N

4301-16

0.043

0.050

Insulation barrel crimp height for AMP 776093-1 stamped and formed sockets must be
set according to the insulation diameter. Crimp width for all insulations is 0.145 inches
maximum.

5.3

Service Tool Connector (J66) Wiring

A customer supplied service tool connector is required in applications where the optional
Caterpillar Customer Harness is not utilized. The Caterpillar service tool cable (Cat part
number 139-4166) has a Deutsch HD 9 position plug connector, thus the customer must
supply the mating receptacle on the engine harness.
The Caterpillar Service Tool (Cat ET) communicates with marine engines via the Cat
Data Link (CDL) and J1939. Caterpillar off engine marine display products communicate
via J1939 exclusively.
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It is recommended that one service tool connector is located in close proximity to the
engine. Proper wiring of the customer supplied service tool connector is essential for
reliable communications. The maximum length of the Cat Data Length Cable is 30
meters (100 ft).
The figure below illustrates the pinout location on the Deutsch HD 9 position connector
for ease of reference.
Service Tool Connector Pin Locations
BACK OF PLUG
(uses sockets)

BACK OF RECEPTACLE
(uses pins)

D
C
E

B

A

D

C
B

E

A

J
F

F
H

H
J

G

G

Wiring from the ECM to the Service Tool Connector is illustrated below. The Cat Data
Link wiring should be twisted two-conductor cable (18 AWG wire) with one twist per 25
mm (approx. 1 inch). Reference Caterpillar service tool cable (part number 143-5018).
See section 5.4 for J1939 Data Bus wiring requirements.
Service Tool Connector Wiring Diagram
Switched
Positive Negative
Battery
Battery
Service Tool Connector
J66
A
ECM

P1/J1

B
D

8

CDL +

E

9

CDL -

F

50

J1939 +

G

34

J1939 -

C

42

J1939 Shield

Terminating Resistor

NOTE: Terminating Resistor is required unless OEM is installing their own J1939-11
backbone.
NOTE: Marine Engine communication to Cat ET is via Cat Data Link (CDL) and SAE
J1939 data link.
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5.4

SAE J1939/ 11 - Data Bus Wiring

5.4.1 J1939 Data Bus Harness Design
The data bus connector that Caterpillar uses is a modified DT connector, special
wedge, cable, and extended socket. The harness assembly requirements are unique to
typical Caterpillar wire harnesses. Caterpillar recommends 2 conductor shielded cable
from Raychem Corp (Raychem part number 2019D0309-0 / Cat part number 153-2707)
for all J1939 data link wiring. This is twisted pair wiring. If the Caterpillar recommended
cable is not used, the cable must meet J1939 specifications for conductors (refer to
table below). For additional information regarding the electrical system design see the
SAE publication J1939/11 “Physical Layer”. The minimum bend radius for the data bus
cable is 40 mm.
J1939 Conductor Specifications

J1939 Specifications for Conductors
Minimum
Nominal
Impedance (ohm)
108
120
Capacitance between
0
40
conductors (pF/m)
Capacitance between
0
70
the conductors and the
shield (pF/m)

Maximum
132
75
110

In order that the data bus will function as intended the following requirements must be
identified on the customer wire harness print.
1. Remove 75 mm of the outer jacket of data link shielded cable. (Reference Cat
part number 153-2707)
2. Remove the foil shield from the exposed wires to within 3 mm of the cable jacket
end.
3. Crimp gold plated socket terminals to the wires and the extended socket terminal
to the drain wire.
4. Slide heat shrink tube over the cable end. (Reference Cat part number 125-7876)
5. Install the terminals into the appropriate connector cavity positions.
6. Install the wedge into the connector.
7. Apply the heat shrink tube over the back of the connector body and the jacket of
the cable.
The above components and assembly procedures must be used to insure the cable to
connector joint will be sealed. Failure to conform to these requirements will result in
cable contamination and result in loss of shield performance.
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SAE J1939 Connector Assembly

NOTE: Refer to the SAE J1939-11 “Physical Layer” document for more information.
5.4.2 Connecting Modules to the CAN Data Link
The SAE J1939 data link is used to communicate engine information to an SAE J1939
compatible display or other desired SAE J1939 compatible modules. Refer to LEGM0001
“Marine Engine Electronic Displays Installation Guide” for more information on
connecting J1939 displays to Caterpillar Marine Engines.
The illustration in the figure below shows two J1939 modules properly connected to the
J1939 data bus. The Key components to note are as follows:
• The total length of the data link between terminal resistors must not exceed 40
m (130 ft).
• Length of each branch, or stub length, must not exceed 1 m (3.3 ft). Reference
cable assembly (Cat part number 165-0200) that is 1 m long with Deutsch DT 3
pin plug on one end and J1939 signal and shield wires with appropriate crimped
socket on the other end for insertion into J1939 module connector.
• All splices and end notes can be implemented using a connector tee.
(Reference Deutsch DT receptacle assembly - Cat part number 133-1970).
• Two terminal resistors must be installed. One resistor is required at each end of
the data link in order to ensure proper operation. These two terminal resistors are
critical for the proper operation of the network. Reference Deutsch DT plug with
integrated termination resistor (Cat part number 174-3016).
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J1939 Multiple Module Installation Example

NOTE: One terminal resistor for the J1939 data link is included in the Caterpillar
supplied engine harness to the customer connector.
NOTE: A terminal resistor is required at the terminal ends of the data link cable. A
terminal resistor is not required at each node on the data link.
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6

Customer Equipment I.D. and Passwords

6.1

Equipment Identification

6.1.1 Equipment Identification Operation
Equipment Identification is a configuration parameter that the customer can program in
the ECM to uniquely identify an engine installation. Typical uses for the Equipment
Identification parameter include manufacturer model number, machine number,
installation location, etc. Configuration of this parameter is optional as the parameter is
for Customer reference only.
6.1.2 Equipment Identification Configuration
One parameter must be updated with Cat ET to set the Equipment ID. The Equipment
ID defaults to “not programmed” and can be set to a customer-defined identification for
the engine. A maximum of 17 characters may be entered in the field. Characters can
be any alphanumeric character.

6.2

Customer Passwords

6.2.1 Customer Passwords Operation
Customer passwords are sometimes referred to as “OEM passwords.” Customer
passwords may be programmed in order to limit access to certain parameters. There
are two customer passwords available. Both customer passwords do not need to be
programmed in order to provide protection. If both customer passwords are programmed,
then both are required to access and change the password-protected parameters. If a
customer password is forgotten or lost, these can be reset, but factory passwords are
required to change them.
Refer to SIS for the list of parameters which are protected by Customer Passwords.
6.2.2 Customer Passwords Configuration
One or two parameters must be configured in Cat ET prior to using Customer
Passwords:
1. Customer Password # 1
2. Customer Password # 2
Both passwords default to an empty field. Whether the password is set or not, the
display shows “********”. A maximum of eight alphanumeric characters may be entered
for each of the two available customer passwords. These passwords are case sensitive.
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7

Factory Configured Parameters

7.1

Engine Serial Number

7.1.1 Engine Serial Number Operation
The Engine Serial Number is programmed in the factory during engine assembly. It is
used to identify the engine to electronic monitoring systems and the Cat ET Service
Tool. The programmed Engine Serial Number should match the engine serial number
stamped on the engine information plate.
7.1.2 Engine Serial Number Configuration
One parameter must be configured in Cat ET in order to change the Engine Serial
Number. The Engine Serial Number defaults to the engine serial number set in the
factory. Engine Serial Number should be programmed to match the engine serial
number that is stamped on the engine information plate. If the ECM is replaced, the
engine serial number from the Engine Information Plate should be programmed into the
new ECM.

7.2

FLS (Full Load Setting)

Changing FLS or FTS may void your engine warranty or make your engine noncompliant with applicable emissions regulations. FLS is a number that represents the
adjustment to the fuel system that was made at the factory in order to set the engine to a
factory defined nominal power. The correct value for this parameter is stamped on the
engine information plate. Factory passwords are required to change FLS. Contact Dealer
Support Network prior to changing FLS.
Refer to SEBD9369, Engine News “Responsibilities for Emissions Certified Engines”.

7.3

FTS (Full Torque Setting)

Changing FLS or FTS may void your engine warranty or make your engine noncompliant with applicable emissions regulations. FTS is similar to “FLS” in that it is a
calibration parameter set at the factory. Factory passwords are required to change FTS.
Contact Dealer Support Network prior to changing FTS.
Refer to SEBD9369, Engine News “Responsibilities for Emissions Certified Engines”.
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8

Optional Sensors

Customers can install switches, lamps, gauges, displays, and other components on a
marine engine application. Refer to Engine Component Overview (section 2.3) for a
complete listing of customer-installed components and the sections in this document
where the components are discussed. This section will only cover optional sensors that
can be ordered from the Marine Engine price list. Not all of the optional sensors are
available on all engine models, you should refer to SIS for information on the available
sensors for specific models.
Optional sensors that may be installed by the customer include:
• Auxiliary Coolant Level Sensor
• Engine Oil Temperature Sensor
• Exhaust Temperature Sensors
• Fuel Level Sensor (Customer provided)
• Transmission Pressure Sensor
• Transmission Temperature Sensor

8.1

Auxiliary Coolant Level Sensor

8.1.1 Auxiliary Coolant Level Sensor Operation
An optional coolant level sensor allows the ECM to monitor the coolant level in the
radiator or expansion tank to protect the engine against operation with low or no coolant.
The ECM also provides the low level alarm status information on the J1939 CAN data
link for monitoring and display by off engine devices. Mount the sensor so that it is
immersed during all normal operating conditions. If the coolant level sensor is not
immersed, then the ECM will take the action configured in the Engine Monitoring System.
For propulsion engines, the engine must be running at least 60 seconds before any fault
condition is triggered.
8.1.2 Auxiliary Coolant Level Sensor Configuration
One parameter must be configured in Cat ET prior to using a coolant level sensor.
In the configuration screen, Coolant Level Sensor defaults to “not installed” and must be
set to “installed”.
Programmable Monitoring System parameters may be changed to establish the level of
protection necessary for the specific installation. Refer to Appendices 5-8 for parameter
ranges and defaults.
8.1.3 Auxiliary Coolant Level Sensor Installation
The sensor is supplied with thread sealant on the threads, so it is not necessary to
apply thread sealant on a new sensor. If the sensor has been removed, apply Pipe
Sealant (Caterpillar part number 5P-3413) to the threads of the sensor before a
reinstallation. Sensor should be connected to the engine through the provided harness
connection.
The ECM supplies the sensor with 8 VDC. When coolant is present, the sensor output
voltage is approximately 0 VDC (negative battery). When coolant is not present, the
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sensor output voltage is approximately 5 VDC. When the sensor is not connected, the
ECM will report a low coolant event or an open circuit.
Recommended connector mounting for component with a pigtail harness:
• The connector interface should never be tied directly to a vibrating member.
• Pigtail wire lead should be tied down on only one side of the connector
interface. Choose one of these two locations:
- midpoint on the sensor pigtail, OR
- 150mm from the connector on the harness side.
Use of the Caterpillar coolant level sensor is highly recommended. A third party sensor
may not be compatible with the Caterpillar ECM or software. Caterpillar cannot
guarantee performance of the any third party sensor.
A
140 mm
125.4 mm
1-2-3

External Threads
1/4 - 18 NPTF

A-A
A

NOTE: For sensor part number, refer to the electrical schematic located in SIS web.

8.2

Engine Oil Temperature Sensors (Selected Models)

8.2.1 Engine Oil Temperature Sensor Operation
The Engine Oil Temperature Sensor measures the engine oil temperature. The ECM
monitors the signal of the Engine Oil Temperature Sensor. The maximum temperature
that can be measured by the sensor is 150 C. The ECM also provides the temperature
information on the J1939 CAN data link for monitoring and display by off engine devices.
The ECM can protect the engine from excessive temperature by taking the action
configured in the Engine Monitoring System.
8.2.2 Engine Oil Temperature Configuration
One parameter must be configured in Cat ET prior to using an engine oil temperature
sensor. In the configuration screen, engine oil temperature sensor defaults to “not
installed” and must be set to “installed”. If the Engine Oil Temperature Sensor is
programmed to “not installed”, the engine oil temperature monitoring is disabled. All
diagnostic codes associated with the Engine Oil Temperature Sensor are also disabled.
Programmable Monitoring System parameters may be changed to establish the level of
protection necessary for the specific installation. Refer to Appendices 5-8 for parameter
ranges and defaults.
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8.2.3 Engine Oil Temperature Sensor Installation
The final installation torque for this sensor is 20 Nm. There is a connection provided in
the engine harness for the engine oil temperature sensor. A jumper harness is needed
to connect the sensor to the engine harness.
Recommended connector mounting for component with a pigtail harness:
• The connector interface should never be tied directly to a vibrating member.
• Pigtail wire lead should be tied down on only one side of the connector
interface. Choose one of these two locations:
- midpoint on the sensor pigtail, OR
- 150mm from the connector on the harness side.
Use of the Caterpillar engine oil temperature sensor is highly recommended. A third party
sensor may not be compatible with the Caterpillar ECM or software. Caterpillar cannot
guarantee performance of the any third party sensor.

NOTE: For sensor part number, refer to the electrical schematic located in SIS web.

8.3

Exhaust Temperature Sensors (Selected Models)

8.3.1 Exhaust Temperature Sensor Operation
An optional exhaust temperature sensor allows the ECM to monitor the exhaust
temperature . The ECM also provides the temperature information on the J1939 CAN
data link for monitoring and display by off engine devices. The ECM can protect the
engine from excessive temperature by taking the action configured in the Engine
Monitoring System.
8.3.2 Exhaust Temperature Configuration
One parameter must be configured in Cat ET prior to using an exhaust temperature
sensor. In the configuration screen, Right and Left Exhaust temperature sensor defaults
to “not installed” and must be set to “installed”.
Programmable Monitoring System parameters may be changed to establish the level of
protection necessary for the specific installation. Refer to Appendices 5-8 for parameter
ranges and defaults.

Caterpillar: Confidential Yellow

41

C7 - C32 Marine Engine Electronics Application and Installation Guide
8.3.3 Exhaust Temperature Sensor Installation
Exhaust temperature sensors are installed at the turbocharger inlet. Anti-seize must be
applied to the sensor threads prior to installation. The final installation torque for this
sensor is 45 Nm. Sensor should be connected to the engine through the provided
harness connection.
Recommended connector mounting for component with a pigtail harness:
• The connector interface should never be tied directly to a vibrating member.
• Pigtail wire lead should be tied down on only one side of the connector
interface. Choose one of these two locations:
- midpoint on the sensor pigtail, OR
- 150mm from the connector on the harness side.
Use of the Caterpillar exhaust temperature sensor is highly recommended. A third party
sensor may not be compatible with the Caterpillar ECM or software. Caterpillar cannot
guarantee performance of the any third party sensor.

NOTE: For sensor part number, refer to the electrical schematic located in SIS web.

8.4

Fuel Level Sensor

8.4.1 Fuel Level Sensor Operation
The Fuel Level Sensor is a customer provided sensor. The ECM monitors the signal of
the Fuel Level Sensor. The fuel level sensor is required to provide 240 ohms of
resistance when the indication is EMPTY and 33 ohms of resistance when the indication
is FULL. The restive loads between 33 ohms and 240 ohms will be interpolated to a
fuel level percentage between 0% and 100%. The sensor is provided 24 VDC.
8.4.2 Fuel Level Sensor Configuration
One parameter must be configured in Cat ET prior to using the Fuel Level sensor. In the
configuration screen, Fuel Level Sensor Installation Status defaults to “not installed” and
must be set to “installed”. If the Fuel Level Sensor is programmed to “not installed”, the
fuel level monitoring is disabled. All diagnostic codes associated with the Fuel Level
Sensor are also disabled.
Programmable Monitoring System parameters may be changed to establish the level of
protection necessary for the specific installation. Refer to Appendices 5-8 for parameter
ranges and defaults.
8.4.3 Fuel Level Sensor Installation
The Fuel level sensor must be provided by and installed by the customer.
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8.5

Transmission Pressure Sensor (Propulsion Only)

8.5.1 Transmission Pressure Sensor Operation
The transmission pressure sensor feature is provided so the engine can monitor the
transmission pressure and provide that pressure information on the J1939 CAN data link.
The ECM can also protect the system for excessive pressure by taking any action
configured in the Engine Monitoring System.
8.5.2 Transmission Pressure Sensor Configuration
One parameter must be configured in Cat ET prior to using the transmission pressure
sensor. In the configuration screen, Transmission Pressure Sensor Installation Status
defaults to “not installed” and must be set to “installed”.
Programmable Monitoring System parameters may be changed to establish the level of
protection necessary for the specific installation. Refer to Appendices 5-8 for parameter
ranges and defaults.
NOTE: The transmission pressure cannot be set to alarm for low pressure using
standard Caterpillar engine monitoring and protection.
8.5.3 Transmission Pressure Sensor Installation
The Caterpillar transmission pressure sensor part number must be used in order to
accurately measure pressure. Third party sensors will not be compatible with the
hardware and software. The Cat transmission pressure sensor is an analog sensor with
an operating range of 0 to 5200 kPa (0 to 754 psi). Jumper harnesses for transmission
pressure and temperature sensors are available from Caterpillar.
Recommended connector mounting for component with a pigtail harness:
• The connector interface should never be tied directly to a vibrating member.
• Pigtail wire lead should be tied down on only one side of the connector
interface. Choose one of these two locations:
- midpoint on the sensor pigtail, OR
- 150mm from the connector on the harness side.
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53 mm

150 mm

A

A

Internal
Threads
7/16-20-2B THD

VIEW
A-A

NOTE: For sensor part number, refer to the electrical schematic located in SIS web.

8.6

Transmission Temperature Sensor (Propulsion Only)

8.6.1 Transmission Temperature Sensor Operation
The transmission temperature sensor feature is provided so the engine can monitor the
transmission temperature and provide that temperature information on the J1939 CAN
data link. The ECM can also protect the system for excessive temperature by taking any
action configured in the Engine Monitoring System.
8.6.2 Transmission Temperature Sensor Configuration
One parameter must be configured in Cat ET prior to using a transmission temperature
sensor. In the configuration screen, Transmission Temperature Sensor Installation
Status defaults to “not installed” and must be set to “installed”.
Programmable Monitoring System parameters may be changed to establish the level of
protection necessary for the specific installation. Refer to Appendices 5-8 for parameter
ranges and defaults.
8.6.3 Transmission Temperature Sensor Installation
The Caterpillar transmission temperature sensor part number must be used in order to
accurately measure temperature. Third party sensors will not be compatible with the
hardware and software. The Cat transmission temperature sensor has an operating
range of –40 to 120°C (-40 to 248°F). Jumper harnesses for transmission pressure and
temperature sensors are available from Caterpillar.
Recommended connector mounting for component with a pigtail harness:
• The connector interface should never be tied directly to a vibrating member.
• Pigtail wire lead should be tied down on only one side of the connector
interface. Choose one of these two locations:
- midpoint on the sensor pigtail, OR
- 150mm from the connector on the harness side.
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NOTE: For sensor part number, refer to the electrical schematic located in SIS web.
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9

Starting and Stopping the Engine

9.1

Remote Shutdown Switch

9.1.1 Remote Shutdown Switch Operation
The remote shutdown switch is intended to provide a convenient method of stopping the
engine. A remote shutdown switch may be used to allow the operator to stop the
engine from a remote location.
For auxiliary and genset engines, when the remote shutdown switch is closed to ground,
the ECM disables fuel injection. Under normal conditions, disabling fuel injection stops
the engine. However, the remote shutdown switch is not designed to be used as an
emergency stop switch.
For auxiliary engines, the remote shutdown switch must be opened and the key switch
(switched power) must be cycled in order to restart the engine.
For propulsion engines the fuel is enabled once the remote stop is no longer switched to
ground and the engine speed returns to zero. The keyswitch does not need to be cycled
to enable fuel.
NOTE: The remote shutdown switch is not an emergency stop switch. The

remote shutdown switch is not designed to be fail-safe. It should not be used
to assure the protection of personnel or equipment.
9.1.2 Remote Shutdown Switch Configuration
There is no Cat ET configuration necessary for the remote shutdown switch to function.
9.1.3 Remote Shutdown Switch Installation

9.2

SMMS (Starter Motor Magnetic Switch) Circuit

9.2.1 SMMS Circuit Operation
The ECM provides the low side (ground reference) of the SMMS circuit. The customer
must provide either a neutral safety switch (closed in neutral) circuit or a jumper
between pins 41 and 42 of the 70 pin customer connector. Caterpillar recommends the
use of a neutral safety switch to protect against starting the engine while the
transmission is engaged.
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When the engine speed reaches 500 rpm the ECM will no longer provide the ground
reference to the SMMS circuit to prevent engaging the starter motor to a running
engine. In order to reset the start circuit the engine speed must return to zero speed.
The high side (battery positive) circuit is provided by the customer to pin 29 of the 70 pin
customer connector or by an engine mounted control panel (if equipped). The switch in
this circuit should be a normally open momentary type switch connected to battery
positive.
If using a MSCS (Multi Station Control system), the SMMS circuit is provided by the
MSCS; the installer must configure the SMMS/Neutral safety circuit for correct
operation.

9.3

C32 ACERT Auxiliary/Genset ONLY

The “Engine State Control Input Configuration” is used to determine if engine state will
be controlled via J1939 or Hardwired (momentary) switch inputs or Not Installed. This
parameter cannot use more than one of the above options in combination.
The J1939 control obtains its start command from an external component on the J1939
network; this may be used in some generator applications but is not recommended for
any propulsion applications. This is intended to be used with the Caterpillar EMCP
package.
The Hardwired (momentary) switch control start command would be received from a
momentary start circuit/switch. The momentary start/stop circuits are provided on the
engine mounted control panel as well as at the pilothouse connector. When the engine
receives a momentary start signal, the engine will go through a pre-programmed start
routine, which includes pre-lube delay, crank attempts, crank duration and crank
terminate speed. When stopping using the momentary stop the engine will go through
the pre programmed cool down sequence before shutting down. The start and stop
routines are programmed by the installer using CatET. Only the momentary start inputs
will enable the fuel. The remote start and crank override cannot be used to start the
engine when the Hardwired option is selected because fuel injection will not be enabled.
This option is intended for use with the engine mounted control panel.
With the Not Installed option the key switch enables the fuel. This allows the remote
start and crank override to start the engine. If this parameter is set to Not Installed the
momentary start and stop functions and circuits will be disabled. The engine will not go
through start sequence when starting or cool down sequence when stopping. This
option is intended for use when starting and stopping the engine from a remote panel.
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For more information on programming momentary start and stop features, see Appendix
9.

9.4

C32 ACERT Propulsion

For the C32 ACERT propulsion engine, fuel is enabled by keyswitch input. All direct
wired start and stop functions are available for the propulsion engine. (Momentary start,
momentary stop, remote shutdown, remote start, and crank override)
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10 Engine Speed Demand
There are two options available to set the desired engine speed used by the control
system to control engine speed. The application requirements determine which
option should be selected. Following are the different methods of controlling the
speed of the engine:
• Throttle Position Sensor
• J1939 Speed Control (C32 Auxiliary and Genset engines only)

10.1 Throttle Position Sensor (TPS)
10.1.1 TPS Operation
The throttle position sensor (TPS) replaces a mechanical throttle and governor linkages.
The TPS delivers an electrical signal to the ECM. The TPS signal and the engine
speed/timing signal are interpreted by the ECM to precisely control engine speed.
Caterpillar requires a TPS that generates a Pulse Width Modulation (PWM) signal.
ON
10% Duty Cycle
OFF
ON
50% Duty Cycle
OFF
ON
90% Duty Cycle
OFF
time

A PWM signal is a square wave. A square wave signal is either full voltage or no
voltage – On or OFF. The percent of time the signal is ON versus the time OFF is
called the duty cycle. Refer to the ECM Interface Requirements section in the Appendix
for more information on PWM signal interface requirements with the ECM.
A Throttle Position Sensor (TPS) converts a physical position into a PWM (pulse width
modulated) signal. The TPS moves between its minimum and maximum throttle
positions, or low idle and high idle positions. When the TPS is at low idle, the TPS
generates a PWM signal that is typically 10% duty cycle. When the TPS is at high idle
(maximum travel position), the TPS generates a PWM signal that is typically 90% duty
cycle.
•

For Propulsion engines, when the ECM receives a PWM signal from the TPS
less than or equal 10% the engine will govern speed at the programmed value for
min speed.

Caterpillar: Confidential Yellow

49

C7 - C32 Marine Engine Electronics Application and Installation Guide
•

The ECM will interpret throttle signals between a PWM duty cycle of 5% or less,
or 95% or more, as invalid and consequently the engine will default to low idle
and log a diagnostic code. This is referred to in the PWM throttle set-up diagram
as the Upper and Lower Diagnostic Zone.
Throttle Position Sensor Parameter Diagram
Minimum Throttle
Position
Throttle Input Low Idle Duty Cycle Set Point

Throttle Input High Idle Duty Cycle Set Point
Full travel distance of
throttle
Maximum Throttle
Position

10.1.2 TPS Configuration
No configuration is required for use of Throttle Position Sensor. The Desired Speed
Input Configuration defaults to PWM Input.
10.1.3 TPS Installation

10.2 Secondary Throttle Position Sensors (Propulsion Only)
10.2.1 Secondary Throttle Position Sensors Operation
This feature allows the customer to control the engine with a selectable second throttle
sensor. The signal for the Secondary Throttle input is the same signal as the Primary
Throttle input as described in section 10.1.1 above. The Secondary Throttle Position
sensor is required in installations that require synchronization of the speed of 2 or more
engines.
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10.2.2 Secondary Throttle Position Sensors Configuration
One parameter must be configured in Cat ET prior to using a secondary throttle position
sensor. In the configuration screen, Secondary Throttle Enable Status defaults to
“Disabled” and must be set to “Enabled”. If the "Number of Synchronized Engines
Configuration" parameter is programmed to more than one engine, this parameter is
automatically set to "Enabled".
10.2.3 Secondary Throttle Position Sensors Installation

10.3 Engine Synchronization (Propulsion Only)
There are four possible configurations for engine synchronization using the customer
connector. The following information describes each configuration. Engine
synchronization can also be achieved using the MSCS system. For more information
regarding using the MSCS system for engine synchronization, refer to LEBM2735, “Multi
Station Control System Installation Guide”
NOTE: The ECM will not transfer control between the throttle inputs unless the throttle
inputs are within 50 rpm of each other.
10.3.1 Single Engine Configuration
In this configuration, a single engine can be controlled by two throttles. The secondary
throttle is enabled by activation of a switch. This switch is wired to the engine
synchronization input (No. 2).
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10.3.2 Dual Engine Configuration
In this configuration, the position of the synchronization switch determines the throttle
input that is recognized by each engine. The table lists the engine's response to each
position of the switch.
Engine Response to the Synchronization Switch
Position of the Synchronization
Switch

Engine Response

Starboard

Both engines respond to the starboard throttle.

None

Each engine responds to a separate throttle.

Port

Both engines respond to the port throttle.

10.3.3 Multiple Engine Configuration Without a Dedicated Master Throttle
Multiple engine configuration with one throttle that is designated as a master throttle.
In these configurations, one of the throttles has been designated as the master throttle.
When the engine synchronization switch is not activated, each engine will respond to
the appropriate throttle. When the engine synchronization switch is activated, all of the
engines will respond to the master throttle. Three engines and three throttles are shown.
As many as five engines and five throttles can be connected in this manner.
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10.3.4 Multiple Engine Configuration With a Dedicated Master Throttle
Multiple engine configuration with a separate throttle that is used for the master throttle.
In this configuration, the application is equipped with a master throttle in addition to a
separate throttle for each engine. When the engine synchronization switch is not
activated, each engine will respond to the appropriate throttle. When the engine
synchronization switch is activated, all of the engines will respond to the master throttle.
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10.4 Aux/Genset Speed Control
10.4.1 Secondary Desired Speed Control Input
Aux/Gensets secondary speed control input, if installed, will be used in the event of a
failure of the primary speed control input. Secondary Desired speed input can be
configured to Not Installed or J1939 or PWM (whichever is not used for primary desired
speed input). The secondary desired speed input will be used if the primary is failed.
10.4.2 J1939 Speed Control Operation
J1939 CAN speed control is available via the J1939 data link by using the TSC1 speed
control message. This can be the primary speed control or the secondary speed control
input.
10.4.2.1 J1939 Speed Control Configuration
One parameter must be configured in Cat ET prior to using J1939 speed control as the
primary desired speed input. In the configuration screen, Desired Speed Input
Configuration must be set to “CAN input”. To use this as a backup speed command to
the PWM throttle, Secondary Desired Speed Input Configuration must be set to “CAN
input”.
10.4.2.2 J1939 Speed Control Installation
If a customer requires engine control through the SAE J1939 Data Link, the Data Link
wiring must be properly installed. See the Connectors and Wiring Harness
Requirements section for proper Data Link installation information.
10.4.3 Throttle Failure Mode
If there is no valid speed control input on the primary or secondary speed control inputs,
the engine will default to rated engine speed with configured droop percentage.
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10.5 Low Idle Speed
10.5.1 Low Idle Speed Operation
Low Idle Speed is a programmable parameter that allows the customer to program the
engine’s low idle speed. Low Idle speed is the minimum allowable operating speed for
the engine.
10.5.2 Low Idle Speed Configuration
One parameter must be configured in Cat ET in order to program Low Idle Speed. Low
Idle Speed must be set to the customer’s desired minimum operating speed. Typically
Low Idle defaults to 700 RPM.
NOTE: Low Idle Speed configuration is not used with throttle desired speed range on
Marine Aux/Genset engines.
10.5.3 Low Idle Speed Switch (Aux/Genset)
The Low Idle Speed Switch is can be installed to force an auxiliary or Genset to Low idle.
The engine will go to the low idle speed when the Low Idle Speed Switch is closed to
ground.
10.5.3.1 Low Idle Speed Switch Configuration
No configuration is required for use of the Low Idle Speed Switch.
10.5.3.2 Low Idle Speed Switch Installation

10.6 Slow Vessel Mode (Propulsion Only)
10.6.1 Slow Vessel Mode Operation
The slow vessel mode reduces the low idle of the engine to 550 RPM. This feature
allows the customer to operate the vessel at slow speeds with all engines in gear for
maneuvering. Slow Vessel Mode cannot be engaged during the first 15 seconds after
the engine has started or while the engine is in cold mode. When slow vessel mode is
engaged, the desired engine speed will ramp down to the appropriate speed at a fixed
rate. Slow vessel mode can be exited at any time. When slow vessel mode is
disengaged, the desired engine speed will ramp up to the appropriate speed at a fixed
rate.
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Desired Engine Speed

High Idle

Slow Vessel Mode
Not Active
Low Idle

Slow Vessel Mode
Active
Slow Vessel Speed

0%

Throttle Position

100%

10.6.2 Slow Vessel Mode Configuration
No configuration is required for use of Slow Vessel Mode.
10.6.3 Slow Vessel Mode Installation
A circuit containing a Normally Open switch has to be installed which connects the Slow
Vessel Mode Switch pin in the customer connector to ground in order to use this
function. Closing this switch will enable the Slow Vessel Mode. Slow Vessel Mode can
also be activated using the MSCS. For more information on the MSCS, please refer to
LEGM2735 “Marine Multi-Station Control System Installation Guide”.

10.7 Trolling Mode (Propulsion Engines)
10.7.1 Trolling Mode Operation
When the transmission of the vessel is commanded to go into trolling mode, the trolling
valves in the transmission allow the clutch to slip, which decreases the power output to
the prop. While in trolling mode, the ECM limits engine speed to prevent clutch damage
due to high-speed slippage. The ECM re-scales the desired engine speed command
such that 0 ⇒ 100% throttle position corresponds to Minimum Allowable Engine Speed
⇒ Maximum Trolling Speed. Maximum Trolling Speed is a programmable parameter,
while the Minimum Allowable Engine Speed depends upon the Slow Vessel Mode
Status.
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10.7.2 Trolling Mode Configuration
One parameter needs to be configured before using Trolling Mode. Maximum Trolling
Engine Speed is a programmable parameter which can be set from low idle to 1200
rpm. The default value for this parameter is 900 rpm.
10.7.3 Trolling Mode Installation
A circuit containing a Normally Open switch has to be installed which connects the Troll
Enable Switch pin in the customer connector to ground in order to use this function.
Closing this switch will enable Trolling Mode.

An independent trolling mode is available through the MSCS. The MSCS will be
connected to the engine harness through a dedicated Electronic Trolling Processor
(ETP) connector. If this connector is not used for the Electronic Trolling Processor then
a terminating resistor will be connected at the ETP connector. This connector cannot
be used as a stand-alone J1939 connection. For more information on the MSCS,
please refer to LEGM2735 “Marine Multi-Station Control System Installation Guide”.
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11 Torque Limiting
11.1 Torque Limit Switch
11.1.1 Torque Limit Switch Operation (C32 Propulsion Only)
The Torque Limit Switch can be used to limit engine torque output. When the Torque
Limit Switch is closed to ground, then the ECM will limit torque to the programmed value.
It is important to note that when the Torque Limit Switch is closed to ground, the torque
curve is not shifted down. Rather, the torque curve is truncated or chopped at the torque
limit value. Essentially, a flat spot is created in the torque curve.

11.1.2 Torque Limit Switch Configuration
Three parameters must be configured in Cat ET prior to using the Torque Limit Switch.
The Torque Limit Enable must be enabled and Maximum and Minimum Engine Torque
Limits must be programmed. Maximum Engine Torque Limit default varies with each
flash file. This parameter cannot be programmed to less than the torque available at
rated power.
11.1.3 Torque Limit Switch Installation
Depending on engine configuration, this switch may be present in the engine-mounted
panel.
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12 Engine Governor
An Engine Governor controls the fuel supply to the engine to control the speed and
response of the engine under varying load and throttle conditions. The marine engine
control system has a Full Range Engine Speed Governor, which has been traditionally
utilized on Cat Marine engines.
The following terminology will be used in the following sections to define the operation of
the two governor types:
Maximum No-Load Speed or High Idle – The highest engine speed obtainable
when the throttle is at the maximum position with no load applied to the engine.
Maximum Full-Load Speed or Rated Speed – The engine speed at which an
engine produces maximum power.
Idle or Low Idle – The engine speed setting when the throttle is at the minimum
position.
Speed Droop – Represents the increase in engine speed above the rated power
setting as the full load is reduced to zero power without adjustments to the
governor (i.e. difference between the no-load (high idle) speed setting and the fullload (rated) speed setting). Normally expressed as a percentage of rated speed.
Isochronous (Zero Droop) – Where the full-load (rated) and no-load (high idle)
speeds are the same.

12.1 Full Range Engine Speed Governor (Aux/ Genset)
The Full Range Engine Speed Governor will attempt to hold a constant engine speed for
a given throttle position. The Full Range Engine Speed Governor senses engine speed,
and meters the fuel supply to the engine such that speed tends to remain constant.
The Full Range Engine Speed Governor control strategy calculates the fuel quantity
required to keep the actual engine speed equal to a desired engine speed. For an
Auxiliary/Genset engine the throttle range is limited to a band, which is centered on the
engine operating speed. This band extends between 76% and 108% of rated speed.
The governor strategy has control parameters, commonly referred to as governor gains,
which determine the response and stability of the engine. The governor gains are
“tuned” by Caterpillar in a lab environment for optimum engine performance under
steady state and transient operating conditions. Governor tuning will affect how the
engine responds to changes in load demand.

12.2 Speed Governor Tuning (Aux/Genset)
Modern, electronically controlled diesel engines do not have a mechanical speed
governor. The speed governor is a software algorithm that resides in the engine ECM.
The speed governor compares the desired engine speed and the actual engine speed
and attempts to make them match within a certain allowable error.
The desired engine speed is determined by the ECM from inputs such as J1939 data
link messages or a throttle sensor input. The actual engine speed is determined by the
ECM from the output of the engine speed timing sensors. Governor gains are the
allowable rate of change in speed from the actual engine speed to the desired engine
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speed. Governor gains affect both engine response and engine stability; increased
engine response decreases engine stability. Excessively high gains can cause the
system to be uncontrollable. There are examples of this in the figure below.

If an engine stability problem is encountered, the customer is cautioned to follow the
instability checklist before attempting to tune the governor gains.
NOTE: If the engine was running stable, and now does not run stable, the problem is
NOT the governor gains.
12.2.1 Engine Instability Checklist
SHOULD ENGINE INSTABILITY OCCUR CHECK THE FOLLOWING :
 Use Caterpillar ET and determine that there are no fault codes. If there are any
fault codes, following the repair procedures in the appropriate troubleshooting
guide. Repair the faulty condition and retest the system.


Check the coupling between the engine and load. Spline couplings can wear out
extremely rapidly if you have engine instability, or if the coupling is subjected to
large, fast load reversals. Worn couplings are the one of the most likely causes of
instability complaints.
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Check the fuel injectors. Using Caterpillar ET, perform the injector solenoid clack
test, and the cylinder cut out test. See the appropriate troubleshooting guide for
your engine for more information (Fuel System Verification test).



Check the behavior of the device providing the load to the engine (such as the
generator).



Check the behavior of the device providing the desired speed input.

!CAUTION! The Governor Gains may need to be re-tuned IF all of the above cases
have been resolved and there is still an instability problem. If an application is operating
acceptably, and then suddenly exhibits an instability problem, the most likely root cause
of the problem is a hardware failure. Sometimes, changing governor gains can
temporarily reduce or relive the problem but it will not address the root cause. Do NOT
change the Governor Gains until all other possible causes have been eliminated.
NOTE: The gain numbers in ET are dimensionless parameters. The numbers do not
have any physical significance.
NOTE: The default values for different ratings within the same engine family may be
different. There is no reason to believe that the tuned values for one engine
rating or application will be appropriate for another rating or application. If you
do attempt to tune the governor gains, start from the factory default setting and
follow the procedure described below.
Tuning the Governor Gains assume that the system dynamics (load inertia,
injector performance, type of loading, etc) will not change drastically over time.
Fine-tuning is done using the load conditions that the application is expected to
encounter in field operation. Major changes in the system are:
• Changes to the system inertia.
• Changes in load conditions.
• Changes to the load acceptance requirements.
• Changes to the engine/generator combination.

12.2.2 Tuning the Speed Governor
!CAUTION! Tuning the governor gains can be a time consuming process. The
customer is strongly advised to document all of the settings each time you change
them. Write down a brief summary of what was good or bad about the engine response
for each trial run. Document any other data or data files that you have recorded for
each trial run. This can save hours in trying to remember what gains have already been
tried and the associated performance effects.
Tuning Speed Governor with ET Variables:
Make sure the engine is running correctly before attempting any governor tuning (no
fault codes, de-rates, or injector problems. Review above check list).
1) Set the Max Stability Factor to a level of 5 times the Min Stability Factor.
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a) The Max Stability Factor helps when you have a sudden load increase or
decrease which causes an engine speed departure of greater than 20 rpm from
set point.
b) The Max Stability Factor will not affect steady-state stability, but values of greater
than 7 times the Min Stability Factor may cause ringing during a load transient.
c) The Max Stability Factor can be raised above 7 times the Min Stability Factor (it
is higher in some applications) but, if the engine speed starts ringing after you
increase the Max Stability Factor to Min Stability Factor ratio, you MUST lower it
back down.
2) Adjust the Gov Gain Factor, Min Stability Factor, and Max Stability Factor by the
SAME percentage, up or down, whenever making a ‘GAIN’ adjustment.
a) 10% adjustment is a ‘fine’ adjustment. There is no need to use steps smaller than
10%.
b) 30% adjustment is large enough that you should be able to see a difference in
the response after the adjustment is made
3) If ENGINE SPEED RINGING, or INSTABILITY occur with a constant load (or noload):
a) Lower the Max Stability Factor to 1 time the Min Stability Factor. This should
NOT have an effect. If it does, your Max Stability Factor is too high.
b) After determining if the Max Stability Factor is NOT too high, set it back to its
previous value. Then, lower ALL 3 gains by the SAME percentage.
4) If during load increases or load decreases, there are ENGINE SPEED CHANGES
that are too large, try raising the Max Stability Factor to 7 times the Min Stability
Factor PRIOR TO adjusting the Gov Gain Factor, or the Min Stability Factor.
NOTE: The ET Governor parameters are multipliers to the Base Governor maps stored
in the software. The ET multipliers are active only under specific conditions.

12.2.3 Restoring Factory Default Governor Gains
To restore the factory default Governor Gains Use the Cat Electronic Technician (ET)
tool. Three programmable parameters will be available to shift the governor gain map
for Proportional, Minimum Integrator and Maximum Integrator. The software allows a
user to revert to factory default gains by programming the gain value to the minimum or
maximum value in the range. The service tool will not allow programming values outside
the range.
12.2.4 Governor Configuration System Parameters
12.2.4.1 Governor Gain Factor
This parameter is used in determining the engine’s rate of response to an engine load.
Minimum
0

Default
Rating Dependant

Maximum
65535

12.2.4.2 Governor Minimum Stability Factor
This parameter is used by the ECM to offset the steady state speed error when the
steady state speed error is less than 20 rpm.
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Minimum
0

Default
Rating Dependant

Maximum
65535

12.2.4.3 Governor Maximum Stability Factor
This parameter is used by the ECM to offset the steady state speed error when the
steady state speed error is greater than 20 rpm.
Minimum
0

Default
Rating Dependant

Maximum
65535

12.3 Simple Droop - Isochronous Mode
Droop describes the relationship of engine speed change from no load to full load in
steady state operation. It is the rpm loss experienced when a load is applied to an
engine operating at a fixed throttle position. Many applications can easily accept some
speed droop. This allows the use of a less costly and less complex governor and still
allows, in generator sets, the capability of paralleling with other units.
Isochronous is a term that describes 0% droop; the engine rpm remains constant as
load is applied from no load to full load. This capability is often required on generator
sets with certain loads demanding precise frequency control such as communications
equipment, computers, and clocks. Isochronous speed capability is also required for
automatic paralleling.
12.3.1 Droop/Isochronous Mode Control
There are multiple ways to change the mode of the governor from Isochronous to
Droop. There is a Droop Mode Selection parameter in ET that can be set to either
Droop or Isochronous or an optional Droop/Isochronous switch can be installed to make
the mode change more convenient for the operator. Which input controls the governor
mode is determined by the Enabled/Disabled status parameter for the
Droop/Isochronous switch in ET. The Droop Mode Selection parameter defaults to
Isochronous. The Droop/Isochronous Switch Enable parameter defaults to “Disabled”.
An outside controller such as an EMCP can also control the governor mode via a CAN
datalink.
12.3.2 Droop/Isochronous Switch

12.3.3 Droop/Isochronous Switch Operation
The Droop/Isochronous switch enables the operator to switch the mode of the governor
without using the service tool interface. This is more convenient for the operator in
applications where the governor mode must be changed frequently. When the switch
input is pulled low then the engine will be in Droop mode.
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12.3.4 Droop/Isochronous Switch Configuration
One parameter must be configured in Cat ET prior to using the Droop/Isochronous
Switch. In the configuration screen, Droop/Isochronous Switch Status defaults to
“Disabled” and must be set to “Enabled”.
12.3.5 Droop/Isochronous Switch Installation

12.3.6 Engine Speed Droop

The droop set point is programmable via the service tool in the Configuration
parameters. This set point is intended for infrequent adjustment via a service tool
interface. The Engine Speed Droop can be set between 0% and 8%. The default
Engine Speed Droop value is 3%. The configured Droop Percentage is also used in
throttle failure mode, so if isochronous mode must be used upon throttle failure the
droop percentage must be configured to 0%.
Speed droop adjustment is the percentage reduction in engine speed at full load
compared to reduction at no load. This function is vitally important in genset applications
because it determines the redistribution of the load among several engines. Droop can
be adjusted, as needed, for stability of engines with different rates of engine speed
changes. Droop function allows for load division between two or more units operating in
parallel.
Droop is usually expressed as a percentage. The electronic control system is designed
to provide percentage droop adjustment in the genset application. The speed droop of
the governor is the percent that the engine speed drops at full load and rated speed.
The figure below provides an illustration of the droop operation.
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When using droop, the desired speed is calculated using the following equations for
Desired Speed and Droop Speed.
DROOP CALCULATIONS
% Droop = Programmed through PID F515
Equation - Desired Speed

DESIRED SPEED = ISOCHRONOUS SPEED - DROOP SPEED
Equation - Droop Speed

DROOP SPEED = ISOCHRONOUS SPEED * (%DROOP/100) * (%LOAD/100)
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13 Percentage Load Factor Calculations
The purpose of this feature is to provide the user feedback on the current operation of
their engine. The percentage load indicates the demand currently being placed on the
engine. Percentage load factor and lifetime average load factor can be viewed with an
MPD as well as Cat ET as a current measured value in the Status screen, and as an
average over the life of the engine in the Current Totals screen. 2-D and 3-D
Histograms are only available through Cat ET.
The following equations are used to calculate load factor.
Percent Load =

Current Fuel (Rack) Position – fuel_no_load (at spd)
torque limit (at spd) – fuel_no_load (at spd)

If the engine is operated above rated speed, the percent load is calculated with the
formula shown below.
Percent Load =

Current Fuel (Rack) Position – fuel no load (at spd)
rated_speed_torque limit – fuel_no_load (at spd)
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14 Engine Monitoring and Protection
The engine control system provides an engine Monitoring System to monitor critical
system parameters for conditions that can damage the engine.
The Monitoring System has programmable settings that give the customer the
ability to customize how the engine control system reacts to the possible engine,
or system, damaging conditions. The settings the customer can program
determine when the control system should take action and what level of action the ECM
should take in response to the harmful condition. The levels of action the ECM
can be configured to take are defined as follows:
• Warning – warn operator of the critical condition
• De-rate – reduce engine power to a safe operating level
• Shutdown – shutdown the engine
The level of action the ECM can be configured to take is dependent on the operating
condition that is being monitored and the specific engine software. Not all action levels
are available for each condition. The customer can configure the engine Monitoring
System to take one, two, or all of the ECM action level options for a specific monitored
condition. The ECM action level options for each of the monitored parameters can be
viewed for the specific engine models in Appendices 5-8.
The timing for when the ECM takes action is based on set point and time delay settings.
A set point and time delay is defined for each monitored parameter action level
available for a monitored parameter. The set point is the lower (or upper) limit of a
monitored parameters’ normal operating range. The delay time is how long the
monitored parameter must exceed the set point before the ECM will take the
programmed action (Warning, De-rate, or Shutdown). Not all set points and delay times
can be configured for each monitored parameter.
The action level, set point, and time delay settings are configured in the
Monitoring System configuration screen in Cat ET. The customer does not have
the option to change some of the Monitoring System settings for certain
monitored parameters. The parameter settings that cannot be configured will
default to the setting programmed in the factory.
The following actions are taken by the ECM when a warning, de-rate, or
shutdown condition is detected:
• ECM logs an Event Code
• Diagnostic Message is broadcast on the J1939 CAN Data link (DM1)
• Event Code is available for display on Cat ET
• Warning Lamp is turned “ON”
• Diagnostic Lamp is turned “ON” (only Event Codes with flash codes)
• ECM performs specified De-rate or Shutdown action
The Monitoring System will reduce rated power when de-rate or shutdown action is
specified. The rated power is reduced as a percentage from the rated power at a given
engine speed. The percent de-rate is a percent reduction towards a default “No Load”
power curve. This curve is only slightly higher than the parasitic load of the engine. If
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the engine is in a 100% derated condition then any load applied to the engine will cause
the engine to stall. The figure below illustrates the power de-rate using the “No Load”
curve.
Torque Curve Derate Curve

The power rating is limited in a de-rated condition, so this does not affect performance
unless the power demand is above the derated power. In other words, if you have a
10% de-rate but you are only using 25% of the rated power, you will have no change in
operation.

14.1 Engine Monitoring Parameters
The ECM monitors the following sensor signals:
• Transmission pressure sensor (Propulsion only)
• Transmission temperature sensor (Propulsion only)
• Coolant level sensor
• Aftercooler coolant level sensor
• Fuel pressure sensor
• Fuel temperature sensor
• Low Fuel Level
• Engine coolant temperature sensor
• Engine oil pressure sensor
• Engine oil temperature sensor
• Engine speed/timing sensors
• Inlet air temperature sensor
• Oil Temperature sensor
• Exhaust temperature sensors
Not all parameters are available for each engine model. For information on supported
parameters for each engine model refer to Appendices 5-8.
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14.2 Engine Monitoring Lamps and Alarm
14.2.1 Warning Lamp
14.2.1.1 Warning Lamp Operation
The warning lamp is used to alert the operator of an engine operating condition that has
the potential to cause engine damage. Installation of a warning lamp is required.
An alternative display product can be used instead of a lamp as long as the
display alerts the operator of the engine operation condition.
The lamp will illuminate when the ECM detects engine operating parameters
exceed a specified limit. The ECM identifies the operating condition with an
event code. The lamp will remain “ON” as long as the engine operating condition
exceeds the specified limit. The lamp will be on solid or flash depending on the
event type and severity. The warning lamp turns “OFF” when the engine returns
to normal operation.
Upon ECM power-up a self test of lamp circuits occurs. The lamps will come ON for
five seconds when the ECM is first turned ON in order to indicate that the lamp circuit is
functional.
14.2.1.2 Warning Lamp Configuration
No configuration is required for operation of the warning lamp.
14.2.1.3 Warning Lamp Installation
The maximum available current for driving the Warning lamp is 300mA.

14.2.2 Diagnostic Lamp
14.2.2.1 Diagnostic Lamp Operation
The diagnostic lamp is used to alert the operator of an engine electronic system
malfunction. Installation of a diagnostic lamp is required. An alternative display
product can be used instead of a lamp as long as the display alerts the operator
of the fault status.
The lamp will illuminate when the ECM detects a component operating outside of
specified normal operating range. The ECM identifies the failed component with
a diagnostic code. The lamp will remain “ON” as long as the diagnostic code
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remains active. The diagnostic lamp turns “OFF” when the suspect component
returns to normal operation and the ECM determines the diagnostic code is no
longer active.
The diagnostic lamp will flash (cycle On then Off) in a defined sequence to a Caterpillar’s
proprietary two digit flash code. The sequence of flashes represents the system
diagnostic message (flash code). The first sequence of flashes represents the first digit
of the flash code. After a two second pause, a second sequence of flashes, which
represent the second digit of the flash code will occur. Any additional flash codes will
follow after a pause. These flash codes will be displayed in the same manner. Flash
codes should only be used to indicate the nature of a diagnostic condition. Do not use
flash codes to perform detailed troubleshooting. Refer to the Troubleshooting Guide
for the engine which is located on the Service Information System website for
more detailed information on diagnostic codes and flash codes.
Upon ECM power-up a self test of lamp circuits occurs. The lamps will come ON for
five seconds when the ECM is first turned ON in order to indicate that the lamp circuit is
functional.
14.2.2.2 Diagnostic Lamp Configuration
No configuration is required for operation of the diagnostic lamp.
14.2.2.3 Diagnostic Lamp Installation
The maximum available current for driving the Diagnostic lamp is 300mA.

14.2.3 Low Coolant Level Lamp
14.2.3.1 Low Coolant Level Lamp Operation
The low coolant level lamp is used to alert the operator of a low coolant level event.
Installation of a low coolant level lamp is optional. An alternative display product
can be used instead of a lamp to alert the operator of the low coolant level event.
The lamp will illuminate when the ECM detects a signal from the coolant level
sensor. The lamp will remain “ON” as long as the event remains active. The low
coolant level lamp turns “OFF” when the ECM no longer receives a signal from
the coolant level sensor indicating that the sensor is again in contact with
coolant.
Upon ECM power-up a self test of lamp circuits occurs. The lamps will come ON for
five seconds when the ECM is first turned ON in order to indicate that the lamp circuit is
functional.
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14.2.3.2 Low Coolant Level Lamp Configuration
No configuration is required for operation of the Low Coolant Level lamp.
14.2.3.3 Low Coolant Level Lamp Installation
The maximum available current for driving the Low Coolant Level lamp is 300mA.

14.2.4 High Coolant Temperature Lamp
14.2.4.1 High Coolant Temperature Lamp Operation
The high coolant temperature lamp is used to alert the operator of a high coolant
temperature event. Installation of a high coolant temperature lamp is optional. An
alternative display product can be used instead of a lamp to alert the operator of
the high coolant temperature event.
The lamp will illuminate when the ECM detects the coolant temperature operating
outside of specified normal operating range. The lamp will remain “ON” as long
as the event remains active. The high coolant temperature lamp turns “OFF” when
the coolant temperature returns to the normal operating range.
Upon ECM power-up a self test of lamp circuits occurs. The lamps will come ON for
five seconds when the ECM is first turned ON in order to indicate that the lamp circuit is
functional.
14.2.4.2 High Coolant Temperature Lamp Configuration
No configuration is required for operation of the High Coolant Temperature Lamp.
14.2.4.3 High Coolant Temperature Lamp Installation
The maximum available current for driving the High Coolant Temperature Lamp is
300mA.

14.2.5 Low Oil Pressure Lamp
14.2.5.1 Low Oil Pressure Lamp Operation
The Low Oil Pressure Lamp is used to alert the operator of a low oil pressure event.
Installation of a Low Oil Pressure Lamp is optional. An alternative display product
can be used instead of a lamp to alert the operator of the low oil pressure event.
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The lamp will illuminate when the ECM detects the oil pressure operating outside
of specified normal operating range. The lamp will remain “ON” as long as the
event remains active. The low oil pressure lamp turns “OFF” when the oil pressure
returns to the normal operating range.
Upon ECM power-up a self test of lamp circuits occurs. The lamps will come ON for
five seconds when the ECM is first turned ON in order to indicate that the lamp circuit is
functional.
14.2.5.2 Low Oil Pressure Lamp Configuration
No configuration is required for operation of the Low Oil Pressure Lamp.
14.2.5.3 Low Oil Pressure Lamp Lamp Installation
The maximum available current for driving the Low Oil Pressure Lamp is 300mA.

14.2.6 General Alarm
14.2.6.1 General Alarm Operation (C32 ACERT Only)
The general alarm is used to alert the operator of an engine operating condition that has
the potential to cause engine damage or an engine electronic system malfunction.
Installation of a general alarm is optional. The signal can be used to activate a
relay in order to drive other equipment.
The general alarm provides the customer a signal when any warning, derate, or
shutdown event or active diagnostic is encountered. The general alarm will remain
energized until the engine returns to the normal operating ranges and the diagnostic
codes are no longer active.
14.2.6.2 General Alarm Configuration
No configuration is required for operation of the general alarm.
14.2.6.3 General Alarm Installation
The maximum available current for driving the general alarm is 300mA. There are
many different options for the wiring of a general alarm based on your specific
application needs. One typical installation is shown below. General alarm wiring is for
reference only.
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14.3 Engine Overspeed Verify
The overspeed verify function is provided so that a service technician can test the
overspeed protection system. The purpose of the overspeed verify function is to allow
the service technician to validate the over speed protection system is working correctly
on the engine without actually over speeding the engine.
14.3.1 J1939 Engine Overspeed Verify (A4 ECM and select A3)
14.3.1.1 J1939 Engine Overspeed Verify Operation
In order to enable the J1939 Engine Overspeed Verify function you need to change the
status of the Engine Overspeed Test parameter to “ON” using Cat ET. This parameter
will default to “OFF”. The parameter can be found in Cat ET in the Diagnostics Menu
>Diagnostic Tests > Override Parameters.
If the overspeed verify function is enabled, the warning lamp will turn on, a J1939
message will be transmitted and the injection will be disabled when the engine reaches
75% of the overspeed warning trip level set in the Programmable Monitoring System.
After completion of the testing the status of the parameter will need to be set back to
“OFF” so that the overspeed protection limit will be set back to 100% of the overspeed
warning trip level set in the Programmable Monitoring System.
The J1939 overspeed verify function can also be enabled from the MPD or CMPD. For
more information on using the MPD or CMPD for this function, please refer to
LEGM8130 “Color MPD Operation Guide”.
14.3.2 Engine Overspeed Verify Switch (A3 ECM Only)
14.3.2.1 Overspeed Verify Switch Operation
The overspeed verify switch is used on most of the engines using A3 ECMs to enable
the overspeed verify function. Once the switch is closed to ground, the warning lamp
will turn on, a J1939 message will be transmitted and the injection will be disabled when
the engine reaches 75% of the overspeed warning trip level set in the Programmable
Monitoring System. When the switch is opened the overspeed protection limit will
return to 100% of the programmed overspeed warning trip level set in the
Programmable Monitoring System.
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14.3.2.2 Overspeed Verify Switch Configuration
No configuration is required for the Overspeed Verify Switch to function.
14.3.2.3 Overspeed Verify Switch Installation

14.4 Engine Monitoring System Override (C32 Only)
14.4.1 Engine Monitoring System Override Operation
The Engine Monitoring System Override provides the ability to override engine derates
and shutdowns if operating conditions require full engine operation. When the Engine
Monitoring System Override switch is activated the engine will ignore the derate or
shutdown conditions. The events are still recorded and annunciated, but no action is
taken by the ECM to derate or shutdown the engine. The MPD will add a suffix to alarm
descriptions to indicate that the alarm has been overridden. If a derate or shutdown has
occurred and the operator activates the Monitoring System Override, the engine derate
will be immediately set to 0% and shutdowns will be overridden to enable injection. The
only event that cannot be overridden is “Engine Overspeed”
14.4.2 Engine Monitoring System Override Configuration
No configuration is required for the Engine Monitoring System Override to function.
14.4.3 Engine Monitoring System Override Installation

14.5 Engine Maintenance Indicator
14.5.1 Maintenance Indicator Operation
The ECM records data that is related to equipment maintenance. The ECM will activate
the maintenance indicator lamp when scheduled maintenance is due. The maintenance
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indicator lamp is reset when the maintenance clear switch is closed to ground. The
maintenance interval can be based on operating hours or on fuel consumption. The
ECM provides information that pertains to maintenance intervals and the last
maintenance that was performed.
14.5.2 Maintenance Indicator Mode Configuration
Two parameters must be configured in Cat ET prior to using the Maintenance Lamp and
Maintenance Clear Switch.
2. “Maintenance Indicator Mode” defaults to OFF it can be set to:
a. OFF
b. Auto Fuel
c. Auto Hour
d. Man Fuel
e. Man Hour
3.

“PM1 Interval” defaults to 0 hours and can be set to:
a. 0 to 750 Hours
b. 3785 to 28390 L (1000 to 7500 US gal)

NOTE: If Maintenance Indicator Mode is set to Auto Fuel or Auto Hours, then PM1
Interval does not apply.
NOTE: The references above are for Propulsion engines. Aux/Genset engines have
different defaults and ranges for the PM1 parameters.
14.5.3 Maintenance Indicator Installation

15
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Cold Starting Aid
Cold start strategies are developed in a laboratory environment (cold room) using worstcase parasitic load cases. All possible configurations and load cases cannot be
developed and tested. If your particular application has very high parasitic loads,
extreme cold (arctic) conditions, or unique engine load or configuration issues, please
consult your application engineer prior to purchase.

15.1 Air Inlet Heater (C7 and C9 engines only)
15.1.1 Air Inlet Heater Operation
The Inlet Air Heater (IAH) is used to improve cold starting of the engine. The ECM
controls the Inlet Air Heater through the Inlet Air Heater Relay. The heater and relay are
installed on the engine at Caterpillar.
The Inlet Air Heater operation is determined at five different stages: Power Up, Preheat,
Post Heat, Engine Cranking and Engine Running. The trip point temperature for the
various stages of air inlet heater operation is determined by the “SUM” of the coolant
temperature and the inlet air temperature.
NOTE: When you convert the "SUM" of two temperatures that are in degrees Celsius,
the resulting value in degrees Fahrenheit will be incorrect. The two temperatures must
be converted prior to the addition of the two values.
•
•
•

Convert the reading for the coolant temperature from degrees Celsius to degrees
Fahrenheit.
Convert the reading for the inlet manifold air temperature from degrees Celsius to
degrees Fahrenheit.
Add the two conversions together in order to arrive at the correct conversion for
the sum in degrees Fahrenheit.

Following is an overview of the air inlet heater operation at the five stages of a normal
start:
1. Power-up cycle. The power up cycle is essentially a component check. The air
inlet heater is turned on for two seconds after the ECM is first powered up. This
will happen regardless of temperatures and engine speed.
2. Pre-heat cycle. If the "SUM" of the coolant temperature and the inlet manifold air
temperature is less than 25 °C (109 °F), then the heater will remain on up to 30
seconds. If the engine speed is zero after 30 seconds, the heater is turned off
regardless of the temperature.
3. Engine cranking cycle. If the "SUM" of the coolant temperature and the inlet
manifold air temperature is still less than 25 °C (109 °F), the air inlet heater will
remain on while the engine is being cranked.
4. Engine running cycle. If the "SUM" of the coolant temperature and the inlet
manifold air temperature is less than 35 °C (127 °F), then the air inlet heater will
remain on for seven minutes. If the engine stalls or stops, the preheat cycle is
restarted.
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5. Post-heat cycle. The air inlet heater is cycled on and off for an additional 13
minutes if the "SUM" of the coolant temperature and the inlet manifold air
temperature is still less than 35 °C (127 °F). The air inlet heater will turn on for
ten seconds and the air inlet heater will turn off for ten seconds.
If there are logged faults on both the coolant temp sensor and the inlet manifold air
temperature sensor, the ECM will not activate the air inlet heater. Whenever there is an
Active Diagnostic Code for the Coolant Temperature Sensor, the Heater will activate if
the Inlet Manifold Air Temperature is less than 10°C (50°F). For an Active Inlet Manifold
Air Temperature Sensor Diagnostic, the Heater will activate if Coolant Temperature is
less than 40°C (104°F).
15.1.2 Air Inlet Heater Configuration
The “Air Inlet Heater Installation Status” must be programmed to “Enabled” via Cat ET if
an air inlet heater is installed. This allows the ECM to control inlet air heater. The
default on C7 and C9 engines is “Enabled”.
15.1.3 Air Inlet Heater Installation
The customer is responsible for connecting the contact side of the Inlet air heater relay
to battery voltage. Recommended circuit protection for this connection is 130 Amps with
a circuit load of 100 Amps continuous. The Inlet Air Heater Relay has a maximum ‘ON’
time of 7 minutes. Minimum required wire size is 4 AWG.
The battery supply wire must be secured and not attached to a fuel line. Secure the wire
with the clip before applying the proper torque of 9.0 Newton-Meters (NM) +/- 1.0 NM to
the wire terminal at the terminal stud. Wire terminal nuts and locking washers are
supplied with the relay. Caterpillar recommends the use of a breaking torque wrench
such as the Mountz TLS-1360. CAUTION: Not meeting the specified torque limit may
cause electrical arcing due to a mechanical failure of the relay stud or a loose
connection.
A boot must be installed on the Battery connection to the Inlet Air Heater Relay to help
prevent electrical arcing. This boot must be made of heat resistant material that can
meet the UL94V0 rating for flammability. Choose terminals made of tin plated brass with
a hole that size is closest to the diameter of the stud (5/16 inch). The terminal hole
should provide enough clearance to make assembly easy while maintaining contact.
Caution must be taken to prevent the terminal from causing a short to chassis ground.
Caterpillar recommends that the terminal ring connection to the battery supply wire
should be made with a bare terminal and then insulated using a sealed heat shrink.
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16 Marine Power Displays
There are multiple display options available for use with Caterpillar marine engines. For
information concerning the selection, installation and application of the displays listed
below, please refer to LEGM0001 “Marine Engine Electronic Displays Installation
Guide”.
•
•
•
•
•
•

Engine Monitoring System (EMS)
Engine Vision Display
Global Positioning System (GPS)
Marine Analog Power Display (MAPD)
Marine Power Display (MPD and CMPD)
Messenger

16.1 Hour Meter
The analog hour meter is not recommended when also using other display products.
This type of hour meter begins counting when the engine speed exceeds 100 rpm.
Depending on the time when the analog hour meter is installed, the display on the
analog hour meter may not be synchronized with the accumulated hours that are
recorded in the ECM history and displayed on the MPD products. Caterpillar
recommends the installation of a J1939 hour meter instead of an analog hour meter so
the accumulated hours on the hour meter and the other display products are the same.

16.2 Tachometer
The analog tachometer is not recommended for use when other display products are
installed. The analog tachometer receives its speed signal from a magnetic pickup
sensor installed in the flywheel housing instead of the speed signal from the factory
installed speed timing sensors. Based on the installation and sensitivity of this sensor, it
may provide a slightly different value for engine speed than the MPD products that use
the engine speed that is calculated from the speed timing sensor output. Caterpillar
recommends using a J1939 tachometer so that the speed displayed on the tachometer
matches the speed displayed on the MPD products.
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17 Discrete Input/Output Module
17.1

Discrete Input/Output Module Operation

The 234-0275 Discrete Input/Output (I/O) Module was primarily designed for use on
generator set applications. However, it can be used on marine engine applications to
provide flexibility in system monitoring and control. The module can be used on 12V and
24V systems. The module has 12 discrete inputs and 8 relay outputs. The 8 relay
outputs are available with normally open and normally closed contacts. The 12 inputs
are switch to ground inputs and the module provides 4 ground pins in the 40-pin
connector. The inputs and outputs are configured using Cat Electronic technician (ET).
For example, the module can be configured to activate a relay or lamp based on the
status of a temperature or pressure switch. The module also can be programmed with a
delay of 0 to 120 seconds between the time a condition on the input is met and when it
activates an output to turn on a relay, lamp, alarm, etc.
The module is also capable of reading messages, such as warnings, on the J1939 data
link and turning a relay, lamp, or alarm on or off depending on the configuration. Many
of the messages that the module can recognize are specific to generator set
applications but there are a few that would apply to all marine applications. Messages
placed on the J1939 data link that can apply to marine propulsion applications are the
diagnostic, warning, and/or shutdown messages concerning coolant temperature,
coolant level, fuel pressure, fuel filter differential pressure, fuel temperature, oil
pressure, intake manifold temperature, and battery voltage. The module can allow the
installer to create shutdowns for engine models that do not have them included in the
engine monitoring system. For example, if the engine ECM sends out a high coolant
temperature warning for a C18 ACERT engine, the discrete I/O module, if configured,
can act on that message to energize a relay to shut down the engine. The 0 to 120
second delay can also be applied to these conditions. This may not meet all
requirements for all Marine Certification Societies, contact ASC for issues with society
requirements.
17.2

Discrete Input/Output Module Configuration

The discrete I/O module is configured using Cat ET. With the module powered and
connected to the CAN data link (see section 17.3.3), the configuration parameters are
accessed in the Configuration screen in ET. The Configuration screen lists the 12
discrete inputs and the 8 relay outputs. It also displays the serial number and Instance
number of the module. The Instance number is, in essence, the name of the module.
Since there can be multiple modules on the data link, the Instance number can be
programmed in order for ET to differentiated between the modules.
17.2.1 Configuring the Discrete I/O Module for Use With a Switch on an Input
There are four programmable parameters for each of the 12 discrete inputs and two
programmable parameters for each of the 8 relay outputs. The four programmable
parameters for Discrete Input #1 are:
Event Input Function #1 Active State Configuration
Event Input Function #1 Event Notification Delay Time
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Event Input Function #1 Suspect Parameter Number
Event Input Function #1 Failure Mode Identifier.
For Discrete Input #2, the parameters are these same except that they are labeled with
Event Input Function #2. Discrete input parameters for inputs #3 - #12 are labeled in a
similar manner. The input numbers correspond to the connector pin with the same
number. For example, Event Input Function #3 would correspond to DIN3, pin 21 on the
40-pin connector.
The Active State Configuration parameter has two options, “Low” or “High.” Select “Low”
if the desired action by the module takes place when the switch contacts close. Select
“High” if the desired action by the module takes place when the switch opens. The
Event Notification Delay Time sets the amount of delay between the time the switch on
the input changes states and when the module drives a relay connected to the
designated output. The parameter can be programmed from 0 (default) to 120 seconds.
There are a number of choices for programming the Suspect Parameter Number and
Failure Mode Identifier parameters. The simplest options to use would be “Custom
Event” for the Suspect Parameter Number parameter and “Condition Exists” for the
Failure Mode Identifier parameter.
The two programmable parameters for Relay Output #1 are:
Event Output Function #1 Suspect Parameter Number
Event Output Function #1 Trigger Condition.
For Event Output Function #2, the parameters are these same except that they are
labeled with Event Output Function #2. Relay output parameters for outputs #3 - #8 are
labeled in a similar manner. The input numbers correspond to the connector pin with the
same number. For example, Event Output Function #3 would correspond to NC_3, C_3,
and NO_3, pins 25, 26, and 27 on the 40-pin connector.
The Suspect Parameter Number options for the output configuration are the same as
those for the input configuration. There are several options for the Trigger Condition
parameter but the simplest to use is the “Condition Exists – Specific Event” selection.
Following is an example of configuring the module for use with a switch on one of the
inputs:
Input Configuration
Event Input Function #1 Active State Configuration
Event Input Function #1 Event Notification Delay Time
Event Input Function #1 Suspect Parameter Number
Event Input Function #1 Failure Mode Identifier
Output Configuration
Event Output Function #1 Suspect Parameter Number
Event Output Function #1 Trigger Condition
Specific Event”

“Low”
“10”
“Custom Event”
“Condition Exists”

“Custom Event #1”
“Condition Exists –

Ten seconds after the switch on Input #1 closes the relay contacts on Output #1 change
states.
17.2.2 Configuring the Discrete I/O Module for J1939 Data Link Messages

Caterpillar: Confidential Yellow

81

C7 - C32 Marine Engine Electronics Application and Installation Guide
The Discrete I/O Modules can be configured a number of different ways to take action
on specific diagnostic, warning, or shutdown messages that are broadcast on the J1939
data link. Messages placed on the J1939 data link that can apply to marine propulsion
applications are the diagnostic, warning, and/or shutdown messages concerning coolant
temperature, coolant level, fuel pressure, fuel temperature, oil pressure, intake manifold
temperature, and battery voltage. Usually, the best way to configure the module is the
simplest. For example, if it is desired to activate a relay output when the engine low oil
pressure warning is broadcast by the engine ECU, then the following selections for each
of the parameters would produce the desired outcome:
Event Output Function #1 Suspect Parameter Number
Event Output Function #1 Trigger Condition.

Engine Oil Pressure
Low Warning –
Specific Event

For a high coolant temperature warning, the configuration should look like:
Event Output Function #2 Suspect Parameter Number
Event Output Function #2 Trigger Condition.

Engine Coolant
Temperature
High Warning –
Specific Event

In the second example, the output would be triggered only if the ECU transmits a high
coolant temperature warning on the J1939 data link. If the Trigger Condition was
programmed to “High Warning – General Event,” the output would have been triggered
when either the high coolant temperature warning or the high coolant temperature
shutdown messages are transmitted by the engine ECU. If “Warning – General Event”
is selected for the Trigger Condition, any warning transmitted by the ECU will trigger the
output.
Note: If an output is programmed to trigger when an engine shutdown message is
transmitted by the engine ECU, the output will remain latched until the engine ECU
sends a reset message over the J1939. If an output is programmed to trigger when an
input is configured for shutdown, the output will remain latched until the shutdown
condition is removed and the Discrete I/O module is power cycled.
Note: In order for the engine ECU to transmit a warning or shutdown message over the
J1939 data link, the corresponding engine monitoring configuration parameter in the
engine ECU must be programmed to “On.”
17.3

Discrete Input/Output Module Installation

The discrete I/O module can be mounted in relatively high shock or vibration
environments. The module can also tolerate moist environments and operate accurately
in ambient temperatures ranging from –400C to 850C. The module can also be remotely
mounted at a distance usually limited by the CAN data link requirements.
The nominal power supply voltages are 12V and 24V. The maximum current draw is
400mA plus 50mA for each energized relay when the module is powered at 12V.
Connection should be to a clean source, preferably to the same source as the engine
ECU. Do not access power and ground for the module from the starter terminals. Refer
to figure below for the power and CAN data link connector pinout. The Caterpillar part
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number for the mating connector and wedge assembly is 155-2265. For the CAN data
link wiring requirements refer to Section 5.4.

The module has a ground stud that should be used to ground the case.
The 12 discrete inputs are switch to ground inputs with internal pull-up resistors. The
module will determine an input as being LOW when the voltage at the input is 0 to 0.8V.
The module will determine an input as being HIGH when the voltage at the input is
3.75V to 24V. Below is a representation of one of the 12 discrete inputs.

The 8 Form C relay outputs are rated for resistive loads of 3A at 30VDC for Normally
Closed (NC) or Normally Open (NO) relays, 2A at 125VAC for Normally Closed (NC) or
Normally Open (NO) relays, and 2A at 277VAC for Normally Closed (NC) or Normally
Open (NO) relays. Inductive load ratings for the outputs are 0.5A at 250VAC cos θ =
0.4, 1.0A at 250VAC cos θ = 0.8, and 0.8A at 250VAC cos θ = 0.9. Below is a
representation of an output of the discrete I/O module.
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The figure below shows the 40-pin connector layout for the inputs, outputs, and ground
pins. The Caterpillar part number for the 40-pin mating connector is 9X-7147.

Pin assignments in the 40-pin connector
Inputs
DIN1
DIN2
DIN3
DIN4
DIN5
DIN6
DIN7
DIN8
DIN9
DIN10
DIN11
DIN12
Ground
Ground
Ground
Ground

17.1 Pin Outputs 17.2 Pin 17.3 Outputs 17.4 Pin
1
NC_1
11
C_1
21
NO_1
31
NC_2
2
C_2
12
NO_2
22
NC_3
32
C_3
3
NO_3
13
NC_4
23
C_4
33
NO_4
4
NC_5
14
C_5
24
NO_5
34
NO – Normally Open
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5
6
7
15
16
17
25
26
27
35
36
37
8
9
10

NC_6
C_6
NO_6
NC_7
C_7
NO_7
NC_8
C_8
NO_8

NC – Normally Closed

18
19
20
28
29
30
38
39
40

C – Common
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18 Multi-Station Control System (MSCS)
The Multi-Station Control System (MSCS) provides electronic engine and transmission
control for vessels with single or dual engine applications. It provides full control of
engine and transmission during maneuvering, trolling and cruising operations. For
application and installation information for the MSCS, refer to LEGM2735 “Marine MultiStation Control System Installation Guide”.
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19 Data Link Support
The Caterpillar Marine engines provide two data link connections on the engine ECM.
OEM communication with the engine is via the CAN bus using SAE J1939 protocol.
Caterpillar service tool communication with the engine is via the proprietary Caterpillar
Data link (CDL).

19.1 SAE J1939
The SAE J1939 standard was initially developed for the US truck and bus industry. It
has been expanded and is now the most widely used data link standard for Marine
applications, with compliance from almost all engine manufacturers and most
transmission manufacturers. All Caterpillar electronic marine engines built after 2003
are compatible with the SAE J1939 data link standard.
19.1.1 Network Management
The engine does support the network initialization requirements as outlined in
Specification J1939-81. This includes the claiming of addresses. The engine will always
claim address zero and will not accept any other address. If the engine ECM detects a
duplicate address zero on the J1939 bus, all J1939 data link transmissions will be
suspended until the power is cycled to the ECM.
19.1.2 Supported Parameters
Supported SAE J1939 parameters are specific to each engine. For a list of supported
SAE J1939 parameters by engine model, refer to Appendix 4.

19.2 Caterpillar Data Link
For marine engines, the Caterpillar Data link (CDL) is principally used for service tool
support. If an application does have a requirement to communicate with another system
on CDL, for example with a Caterpillar transmission or a display, then please contact
your local applications team for further information.
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Appendix
Appendix 1 ECM Interface Requirements
A 1.1 PWM Input
The PWM input measures the frequency and duty cycle of a 500 Hz PWM signal. The
input is a single-ended digital input. The signal input is to switch between 0 VDC (max
1.0 VDC) low state and 5 VDC (min 3.75 VDC, max 24 VDC) high state. The normal
operating range for the 500 Hz PWM signal duty cycle is 5% to 95% and frequency is
150 Hz to 1000 Hz. Signal operation outside of this range will result in an abnormal
signal diagnostic code on the ECM. The PWM device must have a common ground
reference to Pin 11 of the 70-pin customer connecter.
A 1.2 Switch to Ground Input
The information in this section is general knowledge for connecting switches to the ECM
Switch to Ground input. Specific information for a particular switch is located with the
engine feature to which the switch belongs. Switch to ground inputs on the ECM are all
pulled-up to an internal power supply. Switch to ground (active low) inputs are the
Caterpillar default inputs for general input/output.
A 1.2.1
Measuring Voltage in Switch Circuits
Voltage that is supplied from the ECM to the switches will not normally exceed 13 VDC,
regardless of the system voltage.
When any of the switch contacts are closed, the voltage drop through the switch circuit
must be less than 1.4 VDC. This measurement should be taken at the ECM pin that
supplies the switch and at the negative battery input to the ECM. This measurement
includes the following values:
•
•
•

Ground potential differences
Voltage drop across the switch
Voltage drop across the wiring harness

When a switch contact is opened or the wiring harness has an open circuit, the internal
pull up voltages of the ECM force the respective input to 13 VDC. Closing an OEM
installed switch must short circuit the switch input to the negative battery ground stud
that is located near the ECM Customer Connector (J1/P1). Refer to the “Power and
Grounding Considerations” section of this publication.
Switch Status
Closed
Open
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Measured Voltage (VDC)
< 1.4 VDC
> 2.4 VDC

87

C7 - C32 Marine Engine Electronics Application and Installation Guide

A 1.2.2
Measuring Current in Switch Circuits
Normal current through the switches will not exceed 6.5 mA. Current may flow
through unintended paths. Possible paths for current leakage may exist within the
following components:
•
•
•

Connectors
Harnesses
Switches
Switch Status
Closed
Open

Measured Current (I)
5.0 mA
0.0 mA

A 1.2.3
Measuring Resistance in Switch Circuits
When any of the switch contacts are open, the resistance between the pin that supplies
the switch and at the negative battery input to the ECM should be greater than 5,000
ohms.
Switch Status
Closed
Open
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< 10 ohms
> 20K ohms
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A 1.3 High Side Current Driver (2 A) Output
The high-side current driver (2 A) output is a digital output that is switched to battery for
driving a source that has a continuous current draw that is less than or equal to 2 A. This
output is typically used to control devices such as LEDs, relays, and solenoids that require
large amounts of current. These drivers are capable of functioning during engine cranking,
jumpstart, and load dump, although the driver output voltage will depend directly upon
the instantaneous voltage applied to the ECU battery positive and negative inputs.
The driver sources (delivers) current through the device to a return pin located on the
ECU. The amount of current sourced depends on the resistance of the device and on the
system battery voltage. The ECU limits the sourced current to approximately 3.5 A to
handle “in-rush” conditions. The driver will turn off automatically when a “load dump” is
present and will turn back on when the “load dump” has dissipated. Any load connected to
the driver should be able to withstand “load dumps.”
The ECU will source 2.0 A at normal operating conditions. The maximum leakage current
with the driver off is 1 mA. At cold operating conditions, the ECU may source as low as 1.0
A to the solenoid or relay. Select components that normally operate between 1.0 A and 2.0
A. The driver application must not be designed to source more than 2.0 A. Caterpillar
recommends that transient suppression is used on inductive load in addition to the ECU
internal protection.
A 1.4 Low Side Current Driver (300 mA) Output
The low-side ECU driver provides a path to the negative battery terminal in order to
activate the device (lamp, etc.) that is connected to the circuit. While circuit protection is
recommended for the lamp driver circuit, Caterpillar does not require dedicated circuit
protection.
When the ECU turns the driver on, the output pin will be within about 1 volt of the ECU
negative battery terminal.
The driver is designed to sink 300 mA over the ECU operating temperature range. The
maximum leakage current with the driver off is 1 mA.
The driver will sink more than 300 mA briefly to handle “in-rush” situations such as turning
on incandescent lights. Resistances for incandescent lamps or other dynamic devices are
typically 10 percent of the steady state value for up to 150 ms when current is limited to
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300 mA. Under these conditions, the driver shall not pulse on and off or current limit until
the load reaches steady state resistance.
The ECU is capable of detecting if continuous current exceeds 300 mA. The driver must
never be expected to sink more than 300 mA continuous current. The driver will turn off
automatically when a “load dump” is present and will turn back on when the “load dump”
has dissipated. Any load connected to the driver should be able to withstand “load dumps.”
The lamps are to be connected to battery (+) to provide power to drive the lamps on. If the
driver is connected to a discrete load (lamp, buzzer, etc.) the battery (+) connection for the
load should be switched. Avoid having battery (+) connected to the load while the ECU is
off.
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Appendix 2 70 Pin Customer Harness Connector Pinout & Load Table
Pin
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Pin Function/Color
+Battery (unswitched)
- Battery
- Battery
Secondary Throttle Position
+Bat (unswitched)
Cat Data Link Cat Data Link +
+Battery (unswitched)
- Battery
Primary Throttle Position
Multi-Station Return
Hour Meter+
Hour MeterTachometer+
TachometerJ1939 Shield
J1939 Data+
J1939 DataTrip Clear Switch
Low Coolant Level Lamp
High Coolant Temp Lamp
Maintenance Indicator
Low Oil Pressure Lamp
Diagnostic Lamp
Warning Lamp
Load Feedback Signal (C32)
Backup ECM Active
Backup ECM Ready
Remote Start
Keyswitch
ATA Datalink+
ATA DatalinkUnused
Sync Switch Input 1
Sync Switch Input 2
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Signal
Voltage
Current
Supply
Battery
10 A
Ground
(-) Battery
10 A
Ground
(-) Battery
10 A
PWM
5 VDC
40 mA
Supply
Battery
10 A
Data Link
5 VDC
100 mA
Data Link
5 VDC
100 mA
Supply
Battery
10 A
Ground
(-) Battery
10 A
PWM
5 VDC
40 mA
Common
(-) Reference
10 A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
Data Link
Per J1939 Per J1939
Data Link
Per J1939 Per J1939
Data Link
Per J1939 Per J1939
Switch to Ground
13 VDC
6.5 mA
Low Side
Battery
300 mA
Low Side
Battery
300 mA
Low Side
Battery
300 mA
Low Side
Battery
300 mA
Low Side
Battery
300 mA
Low Side
Battery
300 mA
4-20 mA
Low Side
Battery
300 mA
Low Side
Battery
300 mA
Supply
Battery
3A
Supply
Battery
10 A
Data Link
5 VDC
100 mA
Data Link
5 VDC
100 mA
N/A
N/A
N/A
Switch to Ground
Battery
6.5 mA
Switch to Ground
Battery
6.5 mA
91

C7 - C32 Marine Engine Electronics Application and Installation Guide

70 Pin Customer Harness Connector Pinout Table (Cont.)
Pin

Pin Function/Color

Voltage

Current

36 Remote Shutdown Switch

Switch to Ground Battery

6.5 mA

37 Trolling Mode Switch

Switch to Ground Battery

6.5 mA

38 Slow Vessel Mode Switch

Switch to Ground Battery

6.5 mA

39 Maintenance Clear Switch

Switch to Ground Battery

6.5 mA

40 Unused

Signal

N/A

N/A

N/A

41 Starter Interlock

Ground

(-) Battery

3A

42 SMMS Return

Ground

(-) Battery

3A

Low Side

Battery

300 mA

N/A

N/A

N/A

43 General Alarm Driver (C32)
44 Troll Enable (PCP)
45 Overspeed Verify ( A3 Only)

Switch to Ground Battery

46 Load Feedback Return (C32)

6.5 mA
4-20 mA

47 Monitoring System Override (C32)

Switch to Ground Battery

6.5 mA

48 Programmable Torque Limit (C32)

Switch to Ground 13 VDC

6.5 mA

49 Shutdown Notify (C32)

Low Side

Battery

300 mA

50 +Battery (unswitched)

Supply

Battery

10 A

51 +Battery (unswitched)

Supply

Battery

10 A

52 - Battery

Ground

(-) Battery

10 A

53 - Battery

Ground

(-) Battery

10 A

54 Unused

N/A

N/A

N/A

55 Unused

N/A

N/A

N/A

56 Unused

N/A

N/A

N/A

57 Unused

N/A

N/A

N/A

58 Unused

N/A

N/A

N/A

59 Unused

N/A

N/A

N/A

60 Unused

N/A

N/A

N/A

61 Unused

N/A

N/A

N/A

62 Unused

N/A

N/A

N/A

63 Unused

N/A

N/A

N/A

64 Unused

N/A

N/A

N/A

65 Unused

N/A

N/A

N/A

66 Unused

N/A

N/A

N/A

67 Star/Stop Switch (AUX)

Switch to Ground Battery

6.5 mA

68 Event Reset Switch (AUX)

Switch to Ground Battery

6.5 mA

69 Low Idle Switch (AUX)

Switch to Ground Battery

6.5 mA

70 Droop/Isochronous Switch (AUX)

Switch to Ground Battery

6.5 mA
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Appendix 3

Customer Configuration Parameters

Providing the customer with a printed copy of the “Configuration” and the “Monitoring
System” screens from Cat ET is good practice. You may also copy the following table
with this information for the customer. Not all of the parameters below are available for
all engine models. Parameter ranges and defaults are specific to engine models. For
parameter ranges and defaults you should reference the Operation Section of the OMM
that is located in the Service Information System website.

Parameter Worksheet
Selected Engine Rating
Rating Number
Rated Power
Rated Peak Torque
Top Engine Speed Range
Test Spec
ECM Identification Parameters
Equipment ID
Engine Serial Number
ECM Serial Number
Software Part Number
Release Date for the Software
Description of the Software
Engine/Gear Speed Limit Parameters
Engine Location
Number of Engine Configurations that are Synchronized
FLS
FTS
Low Idle Speed
Maximum Trolling Speed
Secondary Throttle Position Status
Configuration for the Frequency Meter/Tachometer
Operating Voltage
Status of the Torque Limit
Maximum Torque Limit for the Engine
Minimum Torque Limit for the Engine
Status of the Installation of the Secondary ECM
Crank Duration (sec)
Maximum Number of Crank Cycles
Crank Terminate Speed (RPM)
Cold Cylinder Cutout
Cooldown Speed (RPM)
Caterpillar: Confidential Yellow
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Engine Cooldown Duration (min)
Engine Prelube Duration (sec)
Parameters of the Sensor
Transmission Oil Temperature Sensor
Transmission Oil Pressure Sensor
Status of the Installation of the Fuel Level Sensor
Coolant Level Sensor
Coolant Level Sensor for the Aftercooler
Status of the Installation of the Left Exhaust Temperature Sensor
Status of the Installation of the Right Exhaust Temperature Sensor
Status of the Installation of the Engine Oil Temperature Sensor
Maintenance Parameters
Engine Oil Capacity
Fuel Correction Factor
Maintenance Indicator Mode
PM level 1
Passwords
Customer Password 1
Customer Password 2
Security Access Parameters
Total Tattletale
Injector Serial Numbers
Cylinder 1
Cylinder 2
Cylinder 3
Cylinder 4
Cylinder 5
Cylinder 6
Cylinder 7
Cylinder 8
Cylinder 9
Cylinder 10
Cylinder 11
Cylinder 12
Information from the Engine Information Plate
Engine Serial Number
FLS
FTS

Caterpillar: Confidential Yellow
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Appendix 4 J1939 Supported Parameters
Marine Engine - SAE J1939
Broadcast Parameters

PGN

SPN Engine Support
ADEM 3
Non-ACERT
C7

Parameters
Status Parameters
% Load

61443

92

X

ADEM 3

ADEM 3
Non-ACERT
Non-ACERT C12,C15,
C9
C18

X

A4
ACERT C7,
C9, C18,
C32

X

X

3

Primary Throttle Position

61443

91

X

X

Secondary Throttle Position

61443

29

X3

X

Aftercooler Coolant Pressure

65172

1203

Aftercooler Coolant Level

64938

3668

3

X

X

Battery Voltage

65271

168

X

X

X

X

Boost Pressure

65270

102

X

X

X

X

Coolant Temperature

65262

110

X

X

X

X

Coolant Level

65263

111

X

X

X

X

Coolant Pressure

65263

109

X3

Crankcase Pressure

65263

101

X3

Desired Engine Speed

65247

515

X

X

X

X

Engine Hours

65253

247

X

X

X

X

Engine Speed

61444

190

X

X

X

X

3

3

3

Right Manifold Exhaust Gas Temperature

65031

2433

X

X

X

Left Manifold Exhaust Gas Temperature

65031

2434

X3

X3

X3

Engine Alarm Acknowledge

65252

2815

X1

X1

X1

1

1

1

X

X

X

Alarm Output Indicator Status

65252

2814

Air Shutoff Command Status

65252

2813

X

Engine Overspeed Verify

65252

2812

Fuel Filter Differential Pressure

65276

95

Fuel Pressure

65263

94

X3

X

X

X

Fuel Temperature

65262

174

X3

X

X

X

Fuel Rate

65266

183

X

X

X

X

X3
X
X3

3

X

X

X

X

X

X

Fuel Level

65276

96

Intake Manifold 1 Temperature

65270

105

X

X

Max Engine Speed

65251

532

X

X

Oil Filter Differential Pressure

65276

99

Oil Pressure

65263

100

X

X

Oil Temperature

65262

175

X2

X

Pre-Filter Fuel Pressure

65130

1382

X3

Pre-Filter Oil Pressure

65170

1208

X3

Programmed Low Idle

65251

188

X3

X

X

X

X

Note: All of the parameters listed above do
not apply to all engine models, refer to
Engine Support columns.
Footnotes:
1 - General Alarm,
2 - Commercial Ratings Only
3 - Optional
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Marine Engine - SAE
J1939 (Cont.)
Broadcast Parameters

PGN

SPN Engine Support
ADEM 3
Non-ACERT
C7

Parameters
Status Parameters (Cont.)

ADEM 3

ADEM 3
Non-ACERT
Non-ACERT C12,C15,
C9
C18

A4
ACERT C7,
C9, C18,
C32

Synchronization Status

64988

2615

X

X

X

X

Slow Vessel Mode

64988

2617

X

X

X

X

Slow Vessel Mode Set Speed

65251

535

X

X

X

X

Trolling Mode Status

64988

2616

X

X

X

X

Transmission Pressure

65272

127

X

X

X

X

Transmission Temperature

65272

177

X

X

X

X

Engine Preheat Timer

65252

1081

X

Backup ECM Status

61441

561

Maximum Crank Attempts per Start Attempt

64895

280

X
X

Crank Attempt Count on Present Start Attempt

65214

3671

X

Time Remaining in Engine Operating State

64914

3544

X

Engine Operating State

64914

3543

X

Average Load Factor

65207

1016

X

X

X

Average Mileage (new feature)

65266

185

X

X

X

Average Fuel Consumption

65101

1834

X

X

X

X

Engine Hours

65253

247

X

X

X

X

Lifetime Parameters

Fuel Burned

65257

250

X

X

X

X

Idle Fuel

65244

236

X

X

X

X

Idle Hours

65244

235

X

X

X

X

65207

1015

X

X

X

Trip Parameters
Average Load Factor
Idle Fuel

65209

1004

X

X

X

X

Idle Hours

65200

1037

X

X

X

X

Trip Reset

56832

988

X

X

X

X

Engine Hours (Broadcast, not on request)

65200

1036

X

X

X

X

Fuel Burned (Broadcast, not on request)

65257

182

X

X

X

X

Average Fuel Rate (Broadcast, not on request)

65203

1029

X

X

X

X

Latitude

65267

584

X

X

X

X

Longitude

65267

585

X

X

X

X

Heading

65256

165

X

X

X

X

Vessel Speed

65256

517

X

X

X

X

GPS Information

Note: All of the parameters listed above do
not apply to all engine models, refer to
Engine Support columns.
Footnotes:
1 - General Alarm
2 - Commercial Ratings Only
3 - Optional
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Appendix 5 C32 Propulsion Engine Monitoring Parameters
C32 ACERT

Programmable Monitoring System Actions
Default

Monitored parameter
High inlet air temp
Action
Trip level (degrees Celsius) A, B C

D&E ratings
Trip delay (seconds)

High coolant
temperature
Action
Trip level (degrees C)
Trip delay (seconds)

Low oil pressure
Action
Trip level (Kpa gauge)

Trip delay (seconds)

Engine over-speed
Action
Trip level (rpm)
Trip delay (seconds)

High Transmission Oil
Temperature
Action
Trip level (DegC)
Trip delay (seconds)

High Transmission Oil
Pressure
Action
Trip level ( KPa)
Trip delay (seconds)

Low coolant level
Action
Trip level
Trip delay (seconds)

High fuel pressure
Action
Trip level (Kpa gauge)

Trip delay (seconds)

Caterpillar: Confidential Yellow

Range

Warning

Derate

Shutdown

E027

E025

--

On
70
80

Off
79
80

Off
90
90

Always on
-8-30

8-30

8-30

Always on
84-94
10-30

On/off
91-101
10-30

On/off
87 – 115
10-30

30

30

30

E017

E015

--

On
94
30

On
101
30

Off
1 105
30

E100

E039

--

On
rpm Kpag
0
0
500 35
1600 154
2400 154
30
E190

On
rpm Kpag
0
0
500
0
1600 104
2400 104
30
--

Off
rpm Kpag
0
0
500
0
1600 104
2400 104
30
--

On
115% of
rated
0
E030

---

Warning

Derate

Shutdown

On/off

On/off
79-90

Maps are not
programmable

On

On/off

On/off

Maps are not
programmable

Maps are not
programmable

Maps are not
programmable

8-30

4-30

4-30

Always On
--

---

On/Off
--

---

Off
115% of
rated
0
--

0-2

--

0-5

On
95
10
E113

-----

-----

On/off
50-120
1-60

----

---

On
2412
10
E059

---E057

-----

On/off
689-3600
0 - 60

----

----

On
LOW
30
E096

Off
LOW
30
--

Off
-30
--

On/off
-4 - 60

On/off
-4 - 60

On/off
-4 - 60

On
rpm Kpag
500 759
2000 794
2

---

Off
rpm Kpag
500 796
2000 833
30

On/off

---

--

Maps are not
programmable

1 – 30

--

--

On/off
Maps are not
programmable

1 – 30
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C32 Propulsion Engine Monitoring Parameters (Cont.)

E053

E056

--

On
rpm Kpag
500 280
700
320
980
370
1100 400
2300 400
2600 410
2
E056

---

---

Off
rpm Kpag
500
260
700
300
980
350
1100 390
2300 390
2600 390
30
--

On
62
30
E119

-----

Off
12.5
5
E552

Action
Trip level (%)
Trip delay (seconds)

High Engine Oil Temp

Low fuel pressure
Action
Trip level (Kpa gauge)

Trip delay (seconds)

High Fuel Temperature
Action
Trip level (DegC)
Trip delay (seconds)

Low Fuel Level
Action
Trip level (%)
Trip delay (minutes)

Low Aftercooler Coolant
Level

Action
Trip level (degrees C)
Trip delay (seconds)

High Exhaust Temp
Action

---

On/off
Maps are not
programmable

1 – 30

--

1-30

Off
82
120
--

On/off
50-80
--

----

On/off
62 – 82
0 – 120

---E552

-----

On/off
5–95
1-15

----

----

Off
LOW
30

Off
LOW
30

Off
-30

On/off
-4-60

On/Off
-4-60

On/Off
-4-60

E020

E018

--

On
105
5

Off
110
30

Off
115
30

On/off
90-105
1-60

On/off
90-110
1-60

On/off
90-115
1-60

E173

E021

--

On

On

Off

On/off
Default-50
to Default

On/off
Default-50
to Default

On/off
Default-50
to Default

1-60

1-60

1-60

A - 560 Warning Warning
+10
+10
B – 585
Trip level (degrees C)

C – 605
D – 625
E – 750

Trip delay (seconds)

10
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Maps are not
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Appendix 6 C18 ACERT Propulsion Engine Monitoring Parameters

C18 ACERT

Programmable Monitoring System Actions
Default

Monitored parameter

Range

Warning

Derate

Shutdown

High inlet air temp

E027

E025

--

Action
Trip level (degrees Celsius)

On
70

Off
79

---

Always on
--

Trip delay (seconds)

30

30

--

--

--

--

E017

E015

--

On
103
30

On
111
30

----

Always on
---

On/off
---

----

E100

E039

--

On
rpm Kpag
0
0
500
0
1600 154
2400 154
30
E190

On
rpm Kpag
0
0
500
0
1600 104
2400 104
30
--

---

On
115% of
rated
0
E030

High coolant
temperature
Action
Trip level (degrees C)
Trip delay (seconds)

Low oil pressure
Action
Trip level (Kpa gauge)

Trip delay (seconds)

Engine over-speed
Action
Trip level (rpm)
Trip delay (seconds)

High Transmission Oil
Temperature
Action
Trip level (DegC)
Trip delay (seconds)

High Transmission Oil
Pressure
Action
Trip level ( KPa)
Trip delay (seconds)

Low coolant level
Action
Trip level
Trip delay (seconds)

High fuel pressure
Action
Trip level (Kpa gauge)

Trip delay (seconds)

Caterpillar: Confidential Yellow

Warning

Derate

Shutdown

On/off

---

Maps are not
programmable

On

On/off

--

Maps are not
programmable

Maps are not
programmable

--

---

--

--

--

---

---

Always On
--

---

---

---

---

--

--

--

On
95
10
E113

-----

-----

On/off
50-120
1-60

----

---

On
2412
10
E059

---E057

-----

On/off
689-3600
0 - 60

----

----

On
LOW
30
E096

On
LOW
30
--

-----

On/off
-4 - 60

On/off
-4 - 60

----

On
rpm Kpag
500 759
2000 794
2

---

---

On/off

---

---

--

--

--

--

Maps are not
programmable

1 – 30

--
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C18 ACERT Propulsion Engine Monitoring Parameters (Cont.)

Low fuel pressure
Action
Trip level (Kpa gauge)

Trip delay (seconds)

High Fuel Temperature
Action
Trip level (DegC)
Trip delay (seconds)

Low Fuel Level
Action
Trip level (%)
Trip delay (minutes)

High Exhaust
Temperature
Action
Trip level (DegC)
Trip delay (seconds)

Caterpillar: Confidential Yellow

E053

E056

--

On
rpm Kpag
500 350
700 380
980 390
1100 400
2300 400
2600 410
2
E056

---

---

---

---

On
70
30
E119

-----

Off
12.5
5
E173

On
800
5

On/off

---

---

1 – 30

--

--

-----

On/off
50-80
--

----

----

-----

-----

On/off
5–95
1-15

----

----

Off
---

Always Off
---

On/off
-1-60

----

----

Maps are not
programmable
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Appendix 7 C18/C12 Propulsion Engine Monitoring Parameters
C12 / C18 Non-ACERT

Programmable Monitoring System Actions
Default

Monitored parameter

Range

Warning

Derate

Shutdown

High inlet air temp

E027

E025

--

Action
Trip level (degrees Celsius)
Trip delay (seconds)

On
70
30

On
80
30

Always off
---

E017

E015

--

On
103
30

On
106
30

Always off
---

E100

E039

--

On
rpm Kpag
0
0
500 21.6
600 21.6
800 35.1
1400 170.1
2100 170.1
30
--

Always Off
--

Engine over-speed

On
rpm Kpag
0
0
500 21.6
600 21.6
750 43.2
1400 205.2
2100 205.2
30
--

Action
Trip level (rpm)

Always off
--

Always off
--

-E030

High coolant
temperature
Action
Trip level (degrees C)
Trip delay (seconds)

Low oil pressure
Action
Trip level (Kpa gauge)

Trip delay (seconds)

Trip delay (seconds)

High Transmission Oil
Temperature
Action
Trip level (DegC)
Trip delay (seconds)

High Transmission Oil
Pressure
Action
Trip level ( KPa)
Trip delay (seconds)

High fuel pressure
Action
Trip level (Kpa gauge)

Trip delay (seconds)

Low coolant level
Action
Trip level
Trip delay (seconds)

Caterpillar: Confidential Yellow

Warning

Derate

Shutdown

Always on
60-70
--

On/off
70-80
--

----

Always on
---

On/off
---

----

On

On/off

--

Maps are not
programmable

Maps are not
programmable

--

-E190

--

--

--

---

---

Always On
--

-E028

On
115% of
rated
0
E029

--

--

--

On
95
10
E113

Always Off
----

Always Off
----

On/off
50-120
1-60

----

---

On
2412
10
E096

Always Off
----

Always Off
----

On/off
689-3000
0 - 60

On/off
---

----

Off
rpm Kpag
500 759
2000 794
2
E059

Always off
--

Always off
--

On/off
--

---

---

-E057

-E058

1 – 30

--

--

On
ON
30

On
ON
30

Always Off
---

On/off
-4 - 60

On/off
-4 - 60

----

--

101

C7 - C32 Marine Engine Electronics Application and Installation Guide

Appendix 8 C7/C9 Propulsion Engine Monitoring Parameters

C7/C9 ACERT

Programmable Monitoring System Actions
Default

Monitored parameter

Range

Warning

Derate

Shutdown

High inlet air temp

E027

E025

--

Action
Trip level (degrees Celsius)

On
70

Off
79

---

Always on
--

Trip delay (seconds)

30

30

--

--

--

--

E017

E015

--

On
103
30

On
111
30

----

Always on
---

On/off
---

----

E100

E039

--

On
rpm Kpag
0
0
500
0
1600 154
2400 154
30
E190

On
rpm Kpag
0
0
500
0
1600 104
2400 104
30
--

---

On
115% of
rated
0
E030

High coolant
temperature
Action
Trip level (degrees Celsius)
Trip delay (seconds)

Low oil pressure
Action
Trip level (Kpa gauge)

Trip delay (seconds)

Engine over-speed
Action
Trip level (rpm)
Trip delay (seconds)

High Transmission Oil
Temperature
Action
Trip level (degrees Celsius)
Trip delay (seconds)

High Transmission Oil
Pressure
Action
Trip level ( KPa)
Trip delay (seconds)

Low coolant level
Action
Trip level
Trip delay (seconds)

High fuel pressure
Action
Trip level (Kpa gauge)

Trip delay (seconds)

Caterpillar: Confidential Yellow

Warning

Derate

Shutdown

On/off

---

Maps are not
programmable

On

On/off

--

Maps are not
programmable

Maps are not
programmable

--

---

--

--

--

---

---

Always On
--

---

---

---

---

--

--

--

On
95
10
E113

-----

-----

On/off
50-120
1-60

----

---

On
2412
10
E059

---E057

-----

On/off
689-3600
0 - 60

----

----

On
LOW
30
E096

On
LOW
30
--

-----

On/off
-4 - 60

On/off
-4 - 60

----

On
rpm Kpag
500 759
2000 794
2

---

---

On/off

---

---

--

--

--

--

Maps are not
programmable

1 – 30

--
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C7/C9 Propulsion Engine Monitoring Parameters (Cont.)
Low fuel pressure
Action
Trip level (Kpa gauge)

Trip delay (seconds)

High Fuel Temperature
Action
Trip level (degrees Celsius)
Trip delay (seconds)

Low Fuel Level
Action
Trip level (%)
Trip delay (minutes)

High Exhaust
Temperature
Action
Trip level (degrees Celsius)
Trip delay (seconds)

Caterpillar: Confidential Yellow

E053

E056

--

On
rpm Kpag
500 350
700 380
980 390
1100 400
2300 400
2600 410
2
E056

---

---

---

---

On
70
30
E119

-----

Off
12.5
5
E173

On
800
5

On/off

---

---

1 – 30

--

--

-----

On/off
50-80
--

----

----

-----

-----

On/off
5–95
1-15

----

----

Off
---

Always Off
---

On/off
-1-60

----

----

Maps are not
programmable
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Appendix 9 C32 Auxiliary Engine Monitoring Parameters

By default (with Builder Tool)
Monitored parameter
Low Fuel Pressure
Action
Trip level (kPa gauge)

Trip delay (seconds)

High Fuel Pressure
Action
Trip level (kPa gauge)

Warning

Derate

shutdown

E198-1

E198-2

E198-3

---

Off
rpm Kpag
500
260
700
300
980
350
1100 390
2300 390
2600 390
30
E096-3

On
rpm Kpag
500 280
700
320
980
370
1100 400
2300 400
2600 410
2
E096-1

-E096-2

By customer (with Cat ET)
warning

derate

On/off

---

Maps are not
programmable

1-30

--

On/off

---

On
rpm Kpag
500
759
2000 794
2

---

--

Off
rpm Kpag
500
796
2000 833
30

E360-1

E360-2

E360-3

Off
rpm Kpag
0
0
500
0
1600 104
2400 104
30

On
rpm Kpag
0
0
500
0
1600 104
2400 104
30

E361-1

E361-2

E361-3

On
94
30

Off
101
30

On
105
30

E539-1

E539-2

E539-3

Action
Trip level (degrees Celsius)

On
80

Off
85

Off
90

Always on
--

Trip delay (seconds)

30

30

30

8-30

Trip delay (seconds)

Low Oil Pressure
Action
HD trip level (Kpa gauge)

Trip delay (seconds)

High Engine Coolant
Temperature
Action
Trip level (degrees C)
Trip delay (seconds)

High intake manifold
air temperature

Caterpillar: Confidential Yellow

On
rpm Kpag
0
0
500
35
1600 154
2400 154
30

Maps are not
programmable

1 – 30

shutdown

On/off
Maps are not
programmable

1-30

On/off
Maps are not
programmable

--

1 – 30

Always On

On/off

On/off

Maps are not
programmable

Maps are not
programmable

Maps are not
programmable

8-30

4-30

4-30

Always on
84-94
10-30

On/off
91-101
10-30

On/off
87 – 115
10-30

On/off

On/off
85-90

Maps are not
programmable

8-30

8-30
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High Fuel Temperature
Action
Trip level (degrees C)
Trip delay (seconds)
Derate maximum (%)

Overspeed Monitoring
Action
Trip level (rpm)
Trip delay (seconds)

E363-1

E363-2

E363-3

On
62
30

Off
82
30
DegC max
82 12.5
83 25

Off
82
120

E362-1

E362-3

On
Rated Speed *
115%
0.6

On
Rated Speed
* 115%
0

Low Coolant Level

E59

E57

E58

Action
Trip level
Trip delay (seconds)

On
30

Off
30

Off
30

High Engine Oil
Temperature

E198-1

E198-2

E198-3

Action
Trip level (degrees C)
Trip delay (seconds)

On
105
5
E119

Off
110
30

Off
115
30

--

--

Off
12.5
5
E552-1

---E552-2

Action
Trip level (%)
Trip delay (seconds)

Off
LOW
30

High Exhaust Temp

Low Fuel Level
Action
Trip level (%)
Trip delay (minutes)

Low Aftercooler Coolant
Level

Action
Trip level (degrees C)
Trip delay (seconds)
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Always on
50-80
0 – 120

On/off
-0 – 120

On/off
62 – 82
0 – 120

Always On
--

Always On
1200-2400

--

0-5

Off - On
4 - 65

Off - On
4 - 65

Off - On
4 - 65

Off - On
90-105
1-60

Off - On
90-110
1-60

Off - On
90-115
1-60

-----

On/off
5–95
1-15

----

----

Off
LOW
30

----

On/off
-4-60

On/Off
-4-60

----

E173

E021

E022

On
750
10

Off
800
10

Off
800
10

On/off
500-800
1-60

On/off
500-800
1-60

On/off
500-800
1-60
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Appendix 10 C18 ACERT Aux. Engine Monitoring Parameters

By default (with Builder Tool)
Monitored parameter

Warning

derate

shutdown

Low Fuel Pressure

E198-1

E198-2

E198-3

Action
Trip level (kPa gauge)
Trip delay (seconds)

On
400
10
E096-1

Off
390
10
E096-2

Action
Trip level (kPa gauge)
Trip delay (seconds)

On
758
8

Low Oil Pressure

E360-1

High Fuel Pressure

Action
Trip level (Kpa gauge)

warning

derate

shutdown

Off
380
10
E096-3

On/off
400 – 650
5 – 10

On/off
390 – 650
5 – 10

On/off
380 - 600
5 – 10

Off
760
10

Off
762
12

On/off
---

On/off
---

On/off
---

--

E360-3
Always On
--

---

Always On
--

--

--

--

Always On
85 – 110
--

On/off
86 – 111
--

On/off
87 – 116
--

-70-82
--

On/off
70-86
--

--

Always on
65 – 90
0 – 120

On/off
65 – 91
0 – 120

On/off
65 – 92
0 – 120

--

On
rpm Kpag
0
0
500
0
1600 104
2400 104
4

E361-1

E361-2

E361-3

On
110
10

Off
111
10

ON
111
10

High intake manifold air
temperature

E539-1

E539-2

--

Action
Trip level HD (degrees Celsius)
Trip delay (seconds)

Always on
82
8

Off
86
8

--

High Fuel Temperature

E363-1

E363-2

E363-3

On
90
30

Off
91
10

Off
92
10

Trip delay (seconds)

On
rpm Kpag
0
0
500
0
1600 154
2400 154
8

High Engine Coolant
Temperature
Action
Trip level (degrees C) HD
Trip delay (seconds)

Action
Trip level (degrees C)
Trip delay (seconds)

Overspeed Monitoring
Action
Trip level (rpm)
Trip delay (seconds)

High Exhaust Temp

By customer (with Cat ET)

E362-1

E362-3

On
Rated * 115%
0.6

On
Rated *
115%
0

E194 (single)

--

--

Always On
1600-2400

Always On
1600-2400

--

0-5

E320/321 (twin )
Action
Trip level (degrees C)
Trip delay (seconds)

Low Coolant Level
Action

On

OFF
-

On/off

On/off

On/off

690

OFF
-

640-690

-

-

5

-

-

1-60

-

-

Off - On

E2143
On

Off

Off - On

Trip level

-

-

-

-

Trip delay (seconds)

0

0

0

0
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Appendix 11 C9 Auxiliary Engine Monitoring System Parameters

Programmable Monitoring System Actions
By default (with Builder Tool)
Monitored parameter
Low Oil Pressure

Warning

derate

Shutdown

E360-1

E360-2

E360-3

On

4

On
rpm KPag
0
0
500
0
1450 165
2940 165
2

E361-1

E361-2

E361-3

On
103
10

On
111
10

On
113
10

E362-1

E362-2

E362-3

On
50 Hz 60 Hz

Off

On
50 Hz 60 Hz

On/off
--

ON
1100-2400

1800 2160
0

--

0-5

Action

Trip level (gauge kPa)

rpm
0
500
1450
2940

Trip delay (seconds)

High Coolant Temperature
Action
Trip level (degrees C)
Trip delay (seconds)

Overspeed Monitoring
Action
Trip level (rpm)
Trip delay (seconds)

High Intake Air Temp.
Action
Trip level (degrees C)
Trip delay (seconds)

Low Fuel Pressure
Action
Trip level (gauge kPa)
Trip delay (seconds)

High Fuel Pressure
Action
Trip level (gauge kPa)

1700

On
Kpag
0
0
193
193
8

Rpm
0
500
1450
2940

kPag
0
0
172
172

2060
0.6

E539-1

E539-2

On
75
8

On
79
8

On
400
10

shutdown

On/off
--

On/Off
--

On/off
--

--

--

--

On/off
---

On/Off
---

On/Off
90-120
--

On/off
---

On/off
---

E096-1
On
758

On/Off
--

8

High Fuel Temp

E363-2

Action
Trip level (degrees C)
Trip delay (seconds)

On
90
30

Off
91
10

E59-1

E57-2

Off
ON
30

Off
ON
30
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derate

On/Off
-1- 30

E363-1

Action
Trip level
Trip delay (seconds)

Off

warning

E198-1

Trip delay (seconds)

Low Coolant Level

By customer (with ET)

1 - 30

On/off
65-91
0-120

On/off

On/Off

On/Off

4-60

4-60

0-120
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Appendix 12 Reference Media Numbers
For additional information, use the following publications:
•

Pocket Guide, SEBD0402, “Guidelines for Routing and Installing Wire Harness
Assemblies”
• Installation Guide, LEGM0001, “Marine Display Application and Installation Guide”
• Installation Guide, LEBM2735, “Multi Station Control System Installation Guide”
• Installation Guide, LEBW4980, “Starting Systems”
• Special Instruction, REHS0970, "Cross-Reference for Electrical Connectors"
• Special Instruction, SEHS9615, "Servicing DT Connectors"
• Engine News, SEBD9369, “Responsibilities for Emissions Certified Engines”.
• Operation Guide, LEGM8130, “Color MPD Operation Guide”
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