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A

General
Precautions

Read this entire manual and all other publications pertaining to the work to be
performed before installing, operating, or servicing this equipment.

Practice all plant and safety instructions and precautions.

Failure to follow instructions can cause personal injury and/or property damage.

A

Revisions

This publication may have been revised or updated since this copy was produced.
To verify that you have the latest revision, check manual 26311 , Revision Status &
Distribution Restrictions of Woodward Technical Publications, on the publications
page of the Woodward website:

www.woodward.com/publications

The latest version of most publications is available on the publications page. If
your publication is not there, please contact your customer service representative
to get the latest copy.

A\

Proper Use

Any unauthorized modifications to or use of this equipment outside its specified
mechanical, electrical, or other operating limits may cause personal injury and/or
property damage, including damage to the equipment. Any such unauthorized
modifications: (i) constitute "misuse" and/or "negligence" within the meaning of
the product warranty thereby excluding warranty coverage for any resulting
damage, and (ii) invalidate product certifications or listings.

A

Translated
Publications

If the cover of this publication states "Translation of the Original Instructions”
please note:

The original source of this publication may have been updated since this
translation was made. Be sure to check manual 26311 , Revision Status &
Distribution Restrictions of Woodward Technical Publications, to verify whether
this translation is up to date. Out-of-date translations are marked with A. Always
compare with the original for technical specifications and for proper and safe
installation and operation procedures.

Revisions—Changes in this publication since the last revision are indicated by a black line
alongside the text.

Woodward reserves the right to update any portion of this publication at any time. Information provided by Woodward is
believed to be correct and reliable. However, no responsibility is assumed by Woodward unless otherwise expressly

undertaken.
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Warnings and Notices

Important Definitions
This is the safety alert symbol. It is used to alert you to potential
A personal injury hazards. Obey all safety messages that follow this
symbol to avoid possible injury or death.
¢ DANGER—Indicates a hazardous situation which, if not avoided, will result
in death or serious injury.
e  WARNING—Indicates a hazardous situation which, if not avoided, could
result in death or serious injury.
e CAUTION—Indicates a hazardous situation which, if not avoided, could
result in minor or moderate injury.
¢ NOTICE—Indicates a hazard that could result in property damage only
(including damage to the control).
e IMPORTANT—Designates an operating tip or maintenance suggestion.

The engine, turbine, or other type of prime mover should be
equipped with an overspeed shutdown device to protect against
runaway or damage to the prime mover with possible personal injury,

Overspeed / loss of life, or property damage.
Overtemperature / The overspeed shutdown device must be totally independent of the
Overpressure prime mover control system. An overtemperature or overpressure

shutdown device may also be needed for safety, as appropriate.

_ The products described in this publication may present risks that
could lead to personal injury, loss of life, or property damage. Always
wear the appropriate personal protective equipment (PPE) for the job
Personal Protective athand. Equipment that should be considered includes but is not
; limited to:

Equipment Eye Protection
Hearing Protection
Hard Hat
Gloves
Safety Boots
Respirator

Always read the proper Material Safety Data Sheet (MSDS) for any
working fluid(s) and comply with recommended safety equipment.

Be prepared to make an emergency shutdown when starting the
engine, turbine, or other type of prime mover, to protect against

runaway or overspeed with possible personal injury, loss of life, or

On- and off-highway Mobile Applications: Unless Woodward's control

Start-up property damage.
_ functions as the supervisory control, customer should install a
system totally independent of the prime mover control system that
Automotive monitors for supervisory control of engine (and takes appropriate
Applications action if supervisory control is _Io_st) to protect_agamst loss of engine
control with possible personal injury, loss of life, or property damage.
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To prevent damage to a control system that uses an alternator or
NO TICE battery-charging device, make sure the charging device is turned off

before disconnecting the battery from the system.

Battery Charging
Device

Electrostatic Discharge Awareness

Electronic controls contain static-sensitive parts. Observe the
NOT’CE following precautions to prevent damage to these parts:

e Discharge body static before handling the control (with power to
the control turned off, contact a grounded surface and maintain

E|eCtr03_tatiC contact while handling the control).
Precautions e Avoid all plastic, vinyl, and Styrofoam (except antistatic versions)

around printed circuit boards.
e Do not touch the components or conductors on a printed circuit
board with your hands or with conductive devices.

To prevent damage to electronic components caused by improper
handling, read and observe the precautions in Woodward manual

82715, Guide for Handling and Protection of Electronic Controls,

Printed Circuit Boards, and Modules.

Follow these precautions when working with or near the control.

1.

Avoid the build-up of static electricity on your body by not wearing clothing
made of synthetic materials. Wear cotton or cotton-blend materials as much
as possible because these do not store static electric charges as much as
synthetics.

Do not remove the printed circuit board (PCB) from the control cabinet

unless absolutely necessary. If you must remove the PCB from the control

cabinet, follow these precautions:

e Do not touch any part of the PCB except the edges.

¢ Do not touch the electrical conductors, the connectors, or the
components with conductive devices or with your hands.

e  When replacing a PCB, keep the new PCB in the plastic antistatic
protective bag it comes in until you are ready to install it. Immediately
after removing the old PCB from the control cabinet, place it in the
antistatic protective bag.

viii
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Chapter 1.

General Information
]

About this Manual

This manual describes how to install, monitor, and commission the E3
Stoichiometric Control system. This system can have different configurations.
The core functionality is air/fuel ratio trim control using exhaust oxygen feedback.
Additional functions are available by adding optional hardware. The following list
shows the available functions and the corresponding hardware requirements:

Base System Base Hardware

Air/fuel ratio E3 controller, trim valve(s), magnetic pickup &
StableSense™ HEGO sensors

Optional Functions Additional Hardware

Speed/load control Mixture throttle actuator(s)

Integrated ignition I1C-920/-922 ignition system

Generator integration easYgen™-3000 family generator controller

Thermocouple Monitoring 3rd Party J1939 CAN 1/O Node

System Description

Digital Engine Control

The E3 Stoichiometric Control system is a gas-engine control system that
controls speed/load, air/fuel ratio and spark timing, on a wide variety of rich-burn
engines in many different applications. It can be applied to carbureted four-stroke
inline or multibank engines in a wide range of power outputs, both naturally
aspirated and turbo-charged.

Highly developed Air/Fuel Ratio

The control maintains the Three-Way Catalyst inlet conditions using the
StableSense HEGO Sensor. The sensor and StableSense algorithm cover a
wide range of gas compositions, including LPG, pipeline natural gas, and coal-
seam gas. Changes in gas quality and environment during normal operation of
the engine are compensated by the control by means of HEGO closed loop.

Key Air/Fuel Ratio Functions

e  Pre-catalyst, closed loop, exhaust oxygen feedback control.

o Post-catalyst, exhaust oxygen feedback, cascade control allowing
adaptation to changing catalyst performance.

o Post-catalyst exhaust oxygen control set point variable with engine load.

e  User-friendly fuel valve dithering algorithm for better catalyst control.

o  Catalyst temperature monitoring to protect the catalyst from engine fueling
malfunctions .

o  Catalyst differential pressure monitoring to indicate ash build-up and help
meet regulatory requirements.

e  Open loop valve positioning in event of critical oxygen sensor malfunction or
large transient load changes.
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Catalyst Protection Options

The control can be configured to use high temp RTD for catalyst temperatures
measurement and protection. An external third-party thermocouple node can be
used instead to monitor catalyst temperature thermocouples. Inputs for Catalyst
differential pressure are provided to allow full catalyst health measurement.

Proven Control Architecture

The fuel metering subsystem consists of a carburetor combined with a fuel trim
valve in-line. The control can accommodate a venturi style mixer or air-plug type
carburetor with the trim valve in-between the regulator and the mixer.

Plant Control Link

The E3 Stoich control provides a number of inputs/outputs to interface to plant
controls and systems. A Modbus® * Slave Port is provided to allow system data

gathering, diagnosis, and remote control.
*—Modbus is a trademark of Schneider Automation Inc.

Performance and Troubleshooting

The control is programmable via Woodward Toolkit that provides user-friendly
commissioning and troubleshooting support.

High Energy Ignition with Control Integration

Integrated ignition control is available using an 1C-920/922 ignition system. The
IC-92x ignition controller is integrated with the E3 controller over a J1939 CAN
communication network. The E3 sends timing and energy commands and
receives diagnostic ignition information.

Advanced Power Management with Control Integration

Integrated power management is available using the easYgen-3100/3200 power
management controller, which communicates with the E3 controller over the
J1939 CAN communication network. The E3 receives power measurement and
reference along with Speed Bias over the J1939 CAN.

Control Options

Two versions of software are offered for the E3 Stoichiometric:
e 8280-1104 — AFR Only
e 8280-1105 — AFR with Speed Control

Each version has a separate Toolkit Service Tool file. The AFR Only Version is a
subset of the Speed Control version functionality.
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E3 Stoichiometric Control System

A/D
AR
AFR
ATDC
AWG
BARO
BMEP
BTDC
Cc

CAN

ECT
ESD
EMI
FMI
HEGO
HMI
110
ITB
kbits/s
kHz
kPa
kW
kWe
LPG
LSO
mA
MAP
MAT
Mbit/s
MF
MHz
mJ
MPRD
MPU
ms
N/A
N.C.
N.O.
NPT
NTC
pF
PID
PN
PWM
SAE
SDR
SPN
Tau (1)
TDC
TMAP
TPS
UEGO
Vdc

Nomenclature

analog-to-digital

as required

air to fuel ratio

after top dead center

American Wire Gauge

barometric pressure

brake mean effective pressure
before top dead center

celerity (the speed of light)
controller area network, the digital communications link between
control modules

engine coolant temperature
emergency shutdown
electromagnetic interference

failure mode identifier

heated exhaust gas oxygen (sensor)
human machine interface
input/output

integrated throttle body
kilobits/second

kilohertz

kilopascals

kilowatt

kilowatt electric

liquefied petroleum gas (also referred to as propane)
low-side output

milliamp

manifold absolute pressure

manifold air temperature
megabits/second

microfarad

megahertz

millijoules

master power relay driver

magnetic pickup

milliseconds

not applicable

normally closed

normally open

National Pipe Thread

negative temperature coefficient
picofarad
proportional-integral-derivative (feedback control parameters)
part number

pulse width modulated

Society of Automotive Engineers
speed derivative ratio

suspect parameter number

time constant (e.g. for a filter)

top dead center

combined manifold temperature and pressure sensor
throttle position sensor

universal exhaust gas oxygen (sensor)
voltage of direct current type
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Chapter 2.

System Descrietion and Aeelication

E3 Stoichiometric Air/Fuel Ratio Control

The E3 Stoichiometric gas engine control is a microprocessor-based control for
carbureted, four-stroke, gaseous-fueled engines operating with a near-
Stoichiometric air/fuel ratio. It is designed to work in conjunction with a three-way
catalytic converter to efficiently reduce exhaust emissions. By automatically
maintaining an optimum air/fuel mixture, emissions compliance is achieved and
catalyst life is maximized without operator supervision.

There are two types of AFR Trim used in systems like these, Full-Flow Trim and
Supplementary Trim. In Full-Flow Trim mode, the carburetor remains in place on
the engine. The base AFR is adjusted slightly rich, and the trim valve restricts the
fuel flow to the carburetor to bring the air/fuel mixture to the precise value that will
make the catalytic converter most efficient. In supplementary mode, the
carburetor remains in place on the engine, adjusted slightly lean, the AFR control
then adds fuel through a supplementary fuelling system. The range of operation
for Supplementary Trim is very narrow and is not recommended for the vast
majority of applications. The E3 Stoichiometric is optimized for Full Flow Trim
architecture.

A catalyst that simultaneously eliminates hydrocarbons (HC), carbon monoxide
(CO), and oxides of nitrogen (NOx) is referred to as a “three-way” catalyst. The
use of a three-way catalyst will reduce the emissions of a Stoichiometric engine.
However, for these reductions to be reliable and maximized and to protect the
catalyst element from premature aging or damage, a very precisely controlled
air/fuel ratio is required.

If a three-way catalyst receives exhaust gas containing emissions in the
proportions shown in the “Stoich” window of Figure 2-1, the resulting emissions
exiting the catalyst will be reduced to the levels shown in Figure 2-2.

The heated exhaust gas oxygen sensor (HEGO) will generate a voltage signal
that is characteristic of this ideal Stoichiometric window. The E3 control will use
this voltage value to keep the engine at this correct air/fuel ratio. For natural gas
this voltage is usually around 0.720 V.

Lean Sloich Rich Lean Stoich  Rich

Fuel Equivalence Ratio ¢ - Fuel Equivalence Ratio :b
_
Figure 2-1. Pre-Catalyst Emissions Figure 2-2. Post-Catalyst Emissions
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Pre-Catalyst Exhaust Oxygen Control

The E3 control increases or decreases the fuel flowing through the fuel system to
hold the HEGO 1 (and HEGO 2 if present) average sensor voltage at this target
value.

HEGO 1
Setpoint Fuel
Trim
Valve
HEGO 1
Voltage Fitter

Figure 2-3. Basic Control Logic for Pre-catalyst EGO Control

Post-Catalyst Exhaust Oxygen Control

In order to assure optimal catalyst performance over time as conditions vary and
the catalyst element ages, the E3 Stoichiometric control has a “Cascade” control
loop that uses feedback from a second oxygen sensor in the exhaust
downstream of the catalyst element. This post-catalyst control loop “adapts” the
primary pre-catalyst control to changes in fuel, catalyst, and environmental
conditions that are reflected in the post-catalyst oxygen concentration. A post-
catalyst oxygen sensor voltage of 0.720 V is a typical post-catalyst control loop
set point.

Post-Cat > ™~

Setpoint

.
Post-C: -
RGO —w o b -
Voltage ,-f"/
M,
HEGO 1 —»@,_sﬁm;nm_, +NH

(HEGO 3)
Setpoint
- -
-
Pre-Cat
Eco ——sf e

Voltage
(HEGO 1)

Figure 2-4. Basic Control Logic for Post-Catalyst HEGO Control

FUEL
H“:_:,_. TRIM

ol VALVE
-__,-"
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EGO3 Setpoint Table

This EGO3 Base value may vary several millivolts from engine to engine, catalyst
to catalyst, and load to load. Some engines operate with varying loads. In order
to keep such an engine and catalyst at optimum performance, the Post-Cat
Setpoint may need to be adjusted. The required setpoints are entered into the
Post-Cat Setpoint table in the E3 control so that it can vary the target at different
loads to ensure compliance throughout the engine load range. The E3 control
keeps track of engine load by monitoring the intake manifold pressure and
temperature (MAP & MAT) and engine speed (MPU). The intake manifold
pressure/temperature and engine speed are used to calculate an approximate
engine fuel flow is then used as a load indicator. The load range of the engine is
divided into eight segments. A Post-Cat setpoint value can be manually entered
for each of these load levels with this feature.

Open Loop Control Mode

The open loop control mode will control the coarse air/fuel ratio of the engine
without the closed loop HEGO measurement. This mode is less accurate than
the closed loop mode but it is more accurate than the carburetor alone. This
mode positions the fuel control valve to predetermined values based on the load
of the engine (Qmix). This engine flow is used in a table Fuel Trim Valve position
versus Qmix. This table is called the Open Loop table. This table stores valve
operating positions in eight (8) load points over the engine load range. Values in
between load points are interpolated.

The open loop feed-forward mainly serves as a framework to the pre-catalyst
closed loop control mode as the closed loop bias adds to the open loop table. If
HEGO 1 or HEGO 2 sensor fails, the control automatically defaults to the open
loop mode recalling the values in this table that were manually entered during
initial control calibration.

Select
Closed --------------—-
Loop 0.0

Closed A
Loop Logic

Speed L
Engine Flow

MAP __ p| Estimation

4,—> (Quix)
MAT

Figure 2-5. Basic Control Logic Open Loop Feed-Forward

FUEL
TRIM
VALVE

Fuel Valve Dithering

It has been shown that “dithering” the Air/fuel ratio into the catalyst increases the
window of air/fuel ratio variation to enhance the performance of the catalyst. The
E3 includes parameters to adjust the amplitude and frequency of the dithering to
optimize the oxygen storage capability of the catalyst. This strategy widens the
window of operation and will allow the system to drift more without reducing the
efficiency of the catalyst.
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Stereo Control

The Control can be used in two general architectures: Mono and Stereo. Mono
AFR Control is for engines with one Pre-Cat HEGO and one Pre-Cat control
loop. Mono can be used with dual carburetor setups that have only one Pre-Cat
HEGO,; in this case the two Fuel Trim Valves are given the same demand signal
from the E3 Control. See Figure 2-6 for Mono architecture. Stereo systems are
used on dual bank engines and need two Pre-Cat HEGO sensors (one on each
bank) and two Fuel Trim Valves (one on each bank) See Figure 2-7 for Stereo
architecture. Stereo control—while more difficult due to the doubling of
components—does offer the chance to improve the catalyst efficiency by
dithering the banks out of phase with one another.

Diagnostics and Monitoring

For system reliability the E3 control monitors sensor inputs and control outputs
for high and low failure conditions as well as extensive self-diagnostics for
system functionality. Alarm or shutdown control relay outputs are available to
allow integration into an engine or system control panel for component failure or
emissions compliance requirements. These alarms are configured in the
software. In addition, the E3 control has oxygen sensor and catalyst health
diagnostics.

Communications

Communication with the system is via a computer (PC) interface. Control setup
and tuning is accomplished through the Toolkit Service Tool screens.

Modbus Slave Communication

The E3 Stoichiometric control is also capable of interacting with a supervisory
control or SCADA system. The communication protocol is Modbus Slave. There
is remote control capability over the Modbus link, however is not capable of
remote configuration or tuning.
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E3 Stoichiometric Control System

System Diagram Examples
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Figure 2-6. E3 Stoichiometric Mono AFR System
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Figure 2-7. E3 Stoichiometric Stereo AFR System
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Chapter 3.

System Software and HMI Functionality
|

Introduction

An unsafe condition could occur with improper use of the HMI tools.
Only trained personnel should access the control with these tools.

This chapter provides detailed information on the system software functions and
instructions for their configuration and calibration via the HMI application
(Woodward Toolkit).

Navigation

Layout

The Service Tool is organized in a page structure. The Navigation Page provides
shortcut buttons to each page. Also, the Navigation page provides fault status to
indicate what page the currently activated faults can be found.

Info Bar
All online pages display the Info Bar readout (see Figure 3-1).

It is located at the top of the screen and provides key operational information
pertaining to the control.

& ) e NAYIGATION RUN
B e s @uL @shuroown L sTopeeD [ —TIEE H 1ol RON ool

Figure 3-1. Info Bar
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E3 Stoichiometric Control System

Dashboard

The Dashboard (see Figure 3-2) is located on the left side of the screen and
provides key operational information pertaining to the control and engine.

All online pages except Configuration pages display the Dashboard readout.
The Dashboard also contains a graphical indication of the HEGO sensor modes.

M, woODWARD

DASHEOARD

EMGINE
SPEED

SPEED
SETPOINT

THROTTLE

MAP

MAT

ECT
FRE-CAT
TEMP
POST-CAT
TEMP
(i
POST-CAT
HEGO 3

POST-CAT
SETPOINT

PRE-CAT
SIGHAL

PRE-CAT
SETPOINT

HEGO 1
AMPLITUDE

THIM

FTv

HEGOS ARMED
COLD HTR

300

1200

0.0

187

133.4

164.4

1063

117

3133

a4

749

461

404

209

203

- RUN
118

PRE @ Q Q
POST @ 2 J

Figure 3-2. Dashboard
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I/O Calibration

Remote Reference Input

REMOTE REFEREMCE

() FEM OK
REMOTE REF
SELECT ANDIETAKPD
REM MIN LIMIT 0115 vDC
REM REF SCALING
REM M LIMIT 511Ss VDL
LIMITED )
REM INPUT FILTER 1= % e Rawf [¥]  SCALED [%]
0 0
REM R INPUT 0.0 vDC
100
REM UNFILTERED 0o
REM FILTERED 0o

Figure 3-3. Remote Reference Signal Configuration (HMI Screen 6.11)

In Figure 3-3 the HMI settings for user configuration of the remote speed or load
reference are shown. This input can be used for either a remote speed reference
input or a remote load reference input. The remote speed reference input could
be used in a variable speed application when you want to set the engine speed
from a remote location with an analog signal (which could also be done with the
raise and lower speed contact inputs). The remote load reference input could be
used when the E3 is controlling generator load when parallel with the grid. To
enable the remote reference input select one of the options in the drop down box
at the top of the figure, other than “NOT USED”. The input voltage range should
be set in accordance with the plant signal. The allowable input voltage is 0 to 5 V.
In the table on the right the input voltage versus the Speed/Load percentage
scaling is configured. This specifies the conversion of the input signal voltage to
percent (see Figure 3-4).

The default calibration is:
0.5V — (0 % of the speed limit range) + Lower Speed limit
4.5V - (100 % of the speed limit range) + Lower Speed limit

The speed limit range is calculated as follows:
Raise Speed limit — Lower Speed limit = Speed range
These limits also apply to the discrete input raise and lower speed limits.
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Voltage to Engineering Units

120

100

80

60 /

40

Engineering Units

20 =

0 0.5 1 1.5 2 25 3 35 4 45 5

Signal Voltage

Figure 3-4. Input voltage to Engineering Units

The input should be galvanically isolated from external voltage
NOT’CE signals to avoid ground loops and incorrect readings.

The alarm threshold levels can be adjusted with parameters “REM MIN LIMIT”
and “REM MAX LIMIT” (See Figure 3-3). The default value for low alarm
threshold is 0.25 V and for the high alarm threshold is 4.75 V.

Also a filter time constant (‘REM INPUT FILTER”) can be tuned to filter noise
from the input signal.

Upon signal failure the Remote reference input will hold the last value. This value
is used until a valid signal is re-established and the fault cleared.

Load Input

In Figure 3-5 the HMI settings for user configuration of the Load sensor are
shown. To enable the load sensor input select one of the options in the drop
down box at the upper center of the figure, other than “NOT USED”. In the table
on the right the input voltage versus load (kW) scaling is configured. Also a filter
time constant (“LOAD INPUT FILTER?”) can be entered to filter noise from the
input signal.

The default calibration is:
1.2V -0kwW
5V —-300 kW

The alarm thresholds are adjusted in the fields on the left. The default value for
low voltage alarm threshold is 0.25 V and for the high voltage alarm threshold is
475 V.
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@ LOAD OK

LOAD SCALING

LOAD SELECT AN 05 511K PD

ARre R ol v LIMITED SCALED
LOAD MIN LIMIT 0z} 212 voc ] (k]

0.45 0

LOAD MAX LIMIT 18l 212 oo - i
LOAD INPUT FILTER 12 seo
LOAD R INFUT 357 DO
LOAD UNFILTERED BES ki
LOAD FILTERED G K

Figure 3-5. Load Sensor Signal Configuration (HMI Screen 6.10)

If the E3 Stoichiometric Control system is used in combination with the
easYgen™ 3000, the generator load information can be received over the
external J1939 link. In this case, no separate load sensor is needed. To use this
option, select the option depicted in Figure 3-6 and set the easYgen J1939
ADDRESS in accordance with the easYgen documentation and settings.

J1939 eazvoen
USE easvgen J1933 COMMS

[]150CH MODE "WHEM CORM FAIL

eas'gen J1933 ADDRESS 234 $ =

Figure 3-6. Enabling easYgen with J1939 (HMI Screen 7.0)

Manifold Absolute Pressure (MAP) Signal Input

In Figure 3-7 the HMI settings for user configuration of the manifold air pressure
sensor are shown. To enable MAP 1 and/or MAP 2 and configure their function
and input selection, make the appropriate selections in the drop-down boxes
beside “MAP 10 CONFIG”, “MAP 1 SELECT”, and “MAP 2 SELECT". In the
tables to the right for MAP 1 and MAP 2 the input voltage versus the MAP scaling
is configured. Also a filter time constant can be entered to filter noise from the
input signal.

The default calibration is (for Woodward part number 6910-314 MAP sensor):
0.0V -0.6 psia
5.0V —-45.7 psia

The alarm thresholds are adjusted in corresponding fields “MAP 1 MIN LIMIT”,
“‘MAP 1 MAX LIMIT”, “MAP 2 MIN LIMIT”, and “MAP 2 MAX LIMIT”. The default
value for low voltage alarm threshold is 0.25 V and for the high voltage alarm
threshold is 4.75 V. If the sensor voltage is out of range, this will result in an
alarm or engine shutdown, depending on configuration (see Alarm/Shutdown
Configuration in Chapter 4).
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MAF 10 CONFIG 2 MAP SENSORS WITH AVERAGE
M&F 1
MAP 1 SCALING
@ MR 1 0K
UMITED  SCALED
MAP 1 SELECT ANOSE1IKFD + R/ V] (psia)
MAP T MIN LIMIT 01214 voc 0 08
5 457
MAF 1 M LIMIT ISR
M&F 1 INFUT Ala
FILTER USIST seo
MAP 1 R INPUT 257 DO
M&F 1 UNFILTERED 238 psia
M&F 1 FILTERED 238 psia
MAF 2
MAP 2 SCALING
@ MoP 20K
UMITED  SCALED
MAP 2 SELECT ANOES1TKPD + R [V] [psial
MAP 2 MIN LIMIT 01}2}2] voc 0 08
5 457
MAF 2 M LIMIT 13214 yoc
MAF 2 INFUT Ala
FILTER 0SFST see
MAF 2 R INFUT 0.00 YOO
M&F 2 UNFILTERED 15 psia
MAP 2 FILTERED 15 psia

Figure 3-7. MAP Signal Configuration (HMI Screen 6.9)

Manifold Air Temperature (MAT) Signal Inputs

In Figure 3-8 the HMI settings for user configuration of the MAT signal are
shown. To enable MAT 1 and/or MAT 2 and configure their function and input
selection, make the appropriate selections in the drop-down boxes beside “MAT
IO CONFIG”, “MAT 1 SELECT”, and “MAT 2 SELECT”. In the tables to the right
for MAT 1 and MAT 2 the voltage-to-temperature scaling tables are adjusted by
the user.

The alarm thresholds are adjusted in the corresponding fields “MAT 1 MIN
LIMIT”, “MAT 1 MAX LIMIT”, “MAT 2 MIN LIMIT”, and “MAT 2 MAX LIMIT”. The
default value for low alarm threshold is 0.25 V and for the high alarm threshold is
475 V.
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A filter time constant can be entered to filter noise from the input signal.

Note that the sensor works as a resistor in a voltage dividing circuit inside the
PCM128-HD (see Figure 3-9).

The correct voltage as a function of temperature can be calculated with the

following formula:

(Voltage _at _input =

MAT 10 COMNFIG

MAT DEFAULT

MAT 1

@ MaT 10K
MAT 1 SELECT
MAT 1 MIN LIMIT

MAT 1 M LIMIT
MAT 1 INPUT
FILTER

MAT 1 Rahw
IMPUT

MAT 1
LUMFILTERED

MAT 1 FILTERED

MAT 2

@ MAT 20K
MAT 2 SELECT
MAT 2 MIN LIMIT

MAT 2 M LIMIT
MAT 2 INPUT
FILTER

MAT 2 Rl
IMPUT

MAT 2
LUMFILTERED

MAT 2FILTERED

Figure 3-8. MAT Signal Configuration (HMI Screen 6.9)

Rthermistor

Rthermistor+2210

*5v)

MAT 1 ONLY
12025 °F
MAT 1 SCALING
LIMITED
3 Réw/ [/]  SCALED ['F)
vDC 0422535 212
0.728643 176
VDL 1263104 140
1642357 122
e 2 098214 104
DL 313565 Eg
4.07955 2
F A 647347 4
F
MAT 2 SCALING
LIMITED
3 Réw/ [/]  SCALED ['F)
vDC 0422535 212
0.728643 176
YDC 1263104 140
1642357 122
e 2 093214 104
DL 313565 Eg
4.07955 2
F 4647347 4
F

AN 13 2.2 PU
005 & -o
19/

1eis
5.00
1200
1200

AN 28 2.2 PU
005 & -o
19/

1eis
499
4.0
4.0
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NTC

External

Internal

’7 +5V

2210 ohm

-

AN

COoM

N

Figure 3-9. Analog Input Circuit — Resistance Temperature Sensors

The calibration for the Woodward MAT sensor DL08041301 is given in the table
below and shown graphically in Figure 3-10.

Ohms Temp °C Voltage at E3 Input
204 100 0.42
275 90 0.55
376 80 0.73
526 70 0.96
746 60 1.26
1081 50 1.64
1598 40 2.10
2417 30 2.61
3717 20 3.14
5969 10 3.65
9795 0 4.08
29124 -20 4.65

Table 3-1. MAT Sensor Calibration

Woodward
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Engine Coolant Temperature (ECT) Signal Input

In Figure 3-11 the HMI settings for user configuration of the ECT signal are
shown. To enable the ECT sensor input select one of the options in the drop

If a sensor with a different scaling is used, the scaling table (see Figure 3-8)
should be adjusted accordingly.

o O

Tempefatuge (]

A
o o

MAT sensor calibration

A\

X

X

N

~

N
1

4

Figure 3-10. MAT Sensor Calibration

NTC voltage

down box at the upper center of the figure, other than “NOT USED”. In the table
on the right the voltage to temperature scaling table is adjusted by the user. The

input is designed to work with 0 to 5 Volt signals and requires a resistor type

sensor connected to ground. Note that the sensor works as a resistor in a voltage

dividing circuit inside the PCM128-HD. The correct voltage as a function of
temperature can be calculated with the following formula:

(Voltage _at _input =

Rthermistor * )
Rthermistor+2210 5V
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The calibration for the Woodward MAT sensor DL08041301 is given in the table
below and shown graphically in Figure 3-12).

ENGINE COOLANT TEMP
FALLT
@cECT oK

ECT SELECT AN 27 22K PU v ECT SCALIMNG
2 | il
ECT MIN LIMIT 0.05 &5 VDO Eﬂ%% SCALED ()
ECT Mo LIMIT 43[4 voro
0.702061 248
ECT INPUT Ala
ZET IS A e 0.88R076 230
ECT Résw/ INPUT 500 WDC Liere 22
: 1.406594 194
ECT UNFILTERED 200 °F 2153382 158
2 BO3036 140
ECT FILTERED 80.0° °F 4 252267 63
8D 4 91806 2

Figure 3-11. ECT Signal Configuration (HMI Screen 6.10)

Ohms Temp °C Voltage at E3 Input
204 100 0.42
275 90 0.55
376 80 0.73
526 70 0.96
746 60 1.26
1081 50 1.64
1598 40 2.10
2417 30 2.61
3717 20 3.14
5969 10 3.65
9795 0 4.08
29124 -20 4.65

Table 3-2. ECT Signal Configuration (HMI Screen 6.10)
If a sensor with a different scaling is used, the scaling table (see Figure 3-12)
should be adjusted accordingly.

The alarm thresholds are adjusted in the fields on the left. The default value for
low alarm threshold is 0.25 V and for the high alarm threshold is 4.75 V.

A filter time constant (“ECT INPUT FILTER”) can be entered to filter noise from
the input signal.
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ECT sensor calibration

‘ —— ECT DL08041301

140
120

100
80 \

Temperature [C]

0 \"

NTC voltage

Figure 3-12. ECT Sensor Voltage vs Temperature (°C)

Lube Oil Pressure (LOP) Signal Input

LOP
LOP SCALING
@ LoF oK
LIMITED SCALED
LOP SELECT AN DEETIKPD R ) [pail
LOP MIN LIMIT 01}& % vDC 05 B8
45 B5
LOP Max LIMIT 4915 5 WDC 5 75
5.5 1125
LOP INFUT FILTER ool 2l
v =¢ 5 150
LOP R/ INPUT 0.00 vOC
LOP UMFILTERED B5 psi
LOP FILTERED B5 psi

Figure 3-13. LOP Signal Configuration (HMI Screen 6.10)

In Figure 3-13 the HMI settings for user configuration of the lube oil pressure
sensor are shown. To enable the LOP sensor input select one of the options in
the drop down box at the upper center of the figure, other than “NOT USED”. In
the table on the right the input voltage versus the LOP scaling is configured. Also
a filter time constant can be entered to filter noise from the input signal.

The alarm thresholds are adjusted in the fields on the left. The default value for
low voltage alarm threshold is 0.25 V and for the high voltage alarm threshold is
4.75 V. If the sensor voltage is out of range, this will result in an alarm or engine

shutdown, depending on configuration (see Alarm/Shutdown Configuration in
Chapter 4).
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Speed Bias Input

In Figure 3-14 the HMI settings for user configuration of the Speed bias signal
are shown. To enable the speed bias sensor input select one of the options in the
drop down box at the upper center of the figure, other than “NOT USED”. In the
table on the upper right the voltage to speed bias scaling table is adjusted by the
user. This input is designed to work with 0 to 5 V signals.

The default calibration for the bias is:
0.5V --90 rpm
4.5V —-+90 rpm

The alarm thresholds are adjusted in the fields on the left. The default value for
low alarm threshold is 0.25 V and for the high alarm threshold is 4.75 V.

A filter time constant (“SPEED BIAS INPUT FILTER”) can be entered to filter
noise from the sensor input signal.

The input should be galvanically isolated from external voltage
NOT’CE signals to avoid ground loops and wrong indications.

SPEED BlAS
@ SPEED BIAS OK

SFEED BlAS SCALING

LMITED  SCALED
SPEED BIAS SELECT ANT051TKFD + R (V] (RPM)
SPEED EIAS MIN LIMIT n2[&14] voc 08 <0

45 20
SPEED BIAS MAX LIMIT SRRV
SPEED BIAS INPUT FILTER 0.064[ 2|5 sec
SPEED BIAS Réw INPUT 00 YOC
SPEED BIAS UNFILTERED 00 RPM
SPEED BIAS FILTERED 00 RPM

SPEED BIAS PM SPEED BIAS P

@ SPEED BIAS P/ 0K Sl

LMITED  SCALED

[] USE PwM SPEED BIAS R (%) [RPM)

SPEED BIAS PWM INPUT Ala 10 a0
0o ZEC

FILTER i ‘ a0 ‘ a0

SPEED BIAS PWM FREQ 00 He

SPEED BIAS PWM R&W .

P 0.00 %0C

SPEED BIAS PWM

UNFILTERED 0 RPM

SPEED BIAS PuM

FILTERED 0.00 RPM

Figure 3-14. Speed Bias Signal Configuration (HMI Screen 6.11)
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Optionally, a PWM input can be used for speed bias. To enable the PWM Speed
Bias place a check mark in the USE PWM SPEED BIAS value. In the table on
the lower right the % duty cycle to speed bias scaling table is adjusted by the
user. This input is designed to work with PWM signals.

A filter time constant (“SPEED BIAS PWM INPUT FILTER”) can be entered to
filter noise from the PWM input signal.

Fuel Trim Position Feedback (FTPS) and Actuator Throttle
Position Feedback (TPS) Signal Input

In Figures 2-15(a) and 2-15(b) the HMI settings for user configuration of the TPS
signals are shown. Calibration is performed on a different screen (described
below).

TP5 1 TPS 1 SCALIMNG
LIMTED
@ TPS 10K Réw V)  SCALED (%)
TFS 1 5ELECT A 11 51K PD w ‘ 0.77¢ I}
3499 100
TPS 1 MIN LIMIT 0115 vDC
P TPS 1 MON-LINEAR
TPS 1 Max LIMIT A5 VDC TPS1IN (%] TPS1NL (%]
TPS 1 IMPUT FILTER 01/S 5 sec 0 0
TPS 1 Baw IMPUT 097 voC A2 143
' | 349
TFS 1 UNFILTERED 61 X 7E.1 E5 A
100 100
TPS 1 FILTERED EOD %
|:| ACTIVATE TPS 1
TPS 1 LINEARIZED B0 % MOM-LIMEAR
TPS 2 TPS 2 SCALING
LIMITED
0 TPS 20K R [ SCALED [%]
TPS 2 SELECT A 1251 PD w ‘ 0.73 I}
o 100
TPS 2 MIM LIMIT 011 ls VDL
A= TES 2 MON-LINEAR
TPS 2 Max LIMIT A= VDL TPS2IN (2] TPS2HNL (%)
TPS 2 INPUT FILTER 011S %8 sec 0 ]
107 302 149
TPS 2 Baw IMPUT . WOoO = 4.9
TPS 2 UNFILTERED 12 % 761 E5.1
100 100
TPS 2FILTERED 1.2 %
|:| ACTIVATE TPS 2
TPS 2 LINEARIZED 1.2 % MOM-LIMEAR

Figure 3-15a. TPS 1 & TPS 2 Signal Configuration (HMI Screen 6.8)
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FUEL TRIM POSITION SENSOR 1 FTES 1 SCALING
LIMITED
. JFUPET O Réwé[v]  SCALED [%)
FTPS 1 SELECT AN11ELIKFD W ‘ 0.55 0
455 100
FTPS 1 MIN LIMIT 025 S % WDC
TIEla FTFS 1 NOMN-LINEAR
FTPS 1 M LIMIT Far=s WDC FTPS 1020 NONLIN )
FTPS 1 INPUT 1 [Efe] s 0 0
FTPS 1 R&lw INPUT 000 oo e 149
' 51 349
FTPS 1 UNFILTERED 00 % 761 E5.1
100 100
FTPS 1 FILTERED 0o %
ACTIVATE FTPS 1
FTFS 1 LINEARIZED 00 % ENEINEE
FUEL TRIM POSITION SEMSOR 2 FTES 2 SCALIMG
LIMITED
U 2R Réwé[v]  SCALED (%)
FTPS 2 SELECT ANT2E1IKFD  w ‘ 0.5 0
45 100
FTFS 2 MIN LIMIT 025 = 5 VDL
eSS FTFS 2 MNOM-LINEAR
FTPS 2 M LIMIT Faree WDC FTFS 2020 NONLIN )
FTRS 2 INPUT 011813 see 0 0
- 0.2 149
FTPS 2 Raw/ INFUT 00 DT e 9
FTPS 2 UNFILTERED 00 x 76.1 B5.1
100 100
FTPS 2 FILTERED 0o X
ACTIVATE FTPS 2
FTPS 2 LINEARIZED 00 % L anLiNER

Figure 3-15b. FTPS 1 & FTPS 2 Signal Configuration (HMI Screen 6.8)

The TPS feedback signal is optional for throttle actuators. To enable TPS 1, TPS
2, FTPS 1, and/or FTPS 2, and configure their function and input selection, make
the appropriate selections in the drop-down boxes beside “TPS 1 SELECT”,
“TPS 2 SELECT”, “FTPS 1 SELECT” and “FTPS 2 SELECT”. In the tables to the
right of the respective figures the TPS 1 — FTPS 2 voltage-to-position scaling
tables are adjusted by the user.

The TPS feedback signal can be used in conjunction with a J1939-controlled
actuator if desired.

The alarm thresholds are adjusted in the corresponding “MIN LIMIT” and “MAX
LIMIT” fields. The default value for low alarm threshold is 0.25 V and for the high
alarm threshold is 4.75 V.

A filter time constant (“TPS x INPUT FILTER”) can be entered to filter noise from
the input signal.
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Throttle & Trim Valve Actuator Calibration

Figure 3-16 depicts the HMI settings for throttle and trim valve calibration and
testing (Throttle 1 shown for example).

The following instructions for calibration of the actuator are also included on the
HMI screen for reference.
This procedure is applicable to PWM duty cycle controlled actuators only, not

J

1939 serial communications controlled actuators.

The J1939 CAN throttles have internal calibration, however minimum and
maximum stroke should be verified though the control using the steps on the
PWM Throttle Actuator Calibration Procedure (NOT using TPS) to stroke the

\

alve.
CONFIGURE THROTTLE 1 THROTTLE 1 CALIBRATION FORCIMNG
Phsbd OUT 3 v THROTTLE 1 OUTPUT 000 % E

THROTTLE 1 FALULT STATUS 0 CALIBRATION ACTIVE

.ALHUD THROTTLE 1 SHUTDOW™MN [ CALIBRATION MODE A4FR PRE-CAT

@ L1301 THROTTLE 1 ALARM [ CALIBRATION TO MAXIMUM Py | p—

OALHUS THROTTLE 1 POSITION ERROR

THROTTLE 1 MANLAL MODE |0MAP & MAT \OHEGO 3
[[] SELECT MANUAL MODE

TYEETTILE 3| GETTIES MENUAL CAL SETTING 0[&f2] » 2
[] THROTTLE 1 REVERSE ACTING MEMUBLACALIBRATION RATE 100 [ 518 2 FTV 1 FTy 2
P/t OUTPUT 3 TPS 1 SETTINGS
DUTY CYCLE MIN LIMIT Dk USE TPS 1 ;EPE[;BP;%EVLINEAH
DUTY CYCLE M LIMIT NSt = ] TPS 1 REVERSE ACTING POSITION  LINEARIZED
[%]) [%]
DUTY CYELE AT 0% COMMAND S = [ USE POSITION ERROR TPS 1 g
o, P
DUTY CYCLE AT 100% COMMAND e sz TS 02 14.9
51 4.9
P/M FREQUENCY 1000} 2 ye @RS 10K
= 761 £5.1
DUTY CYCLE COMMAND 00 % TPS 1 Réw INPUT 0.00 wDC 100 100
LINEARIZED SIGMAL
TPS 1 FILTERED 0o %
PwMWITH TPS ACTUATOR CALIERATION wl
1 -Select CALIBRATION MODE LMTED :
2 - Tune the DUTY CYCLE AT 0% COMMAND =0 that valve is ful closed. .
3 - Adiust the TPS SCALING LIMITED RéMW lovr indes poin to TFS RAW INFUT TPSTSCALING  Raw(v)  SCALED (%)
4-Select CALIBRATION T0 MAXIMUM 5 i
5 - Tune DUTY CYCLE AT 100% COMMAMD so that valve is full open, -
6 - Adiust the TPS SCALING LIMITED RAW high index paint to TPS RAW INPUT. 4.4 100

7-TPS FILTERED should now track the OUTPLT.
8- DE-SELECT CALIBRATION MODE and save Tunables Il

Figure 3-16. Throttle Actuator Calibration (HMI Screen 6.2)

PWM Throttle Actuator Calibration Procedure (using TPS)

1. Select “CALIBRATION MODE” (upper right of figure)

2. Tune the “DUTY CYCLE AT 0% COMMAND” so that the valve is
mechanically fully closed. This should be checked visually on the valve if
possible. Record the TPS voltage on the HMI and tune the “TPS at
minimum.” value to this voltage.

3. Adjust the TPS SCALING LIMITED RAW low index point to TPS RAW
INPUT.

4. Select “CALIBRATION TO MAXIMUM”

5.  Tune the “DUTY CYCLE AT 100% COMMAND” value so that the valve is
just mechanically fully open. This should be visually checked on the valve if
possible.

6. Adjustthe TPS SCALING LIMITED RAW high index point to TPS RAW
INPUT.

7. TPS Filtered should now track the OUTPUT.

8. De-select “CALIBRATION MODE” and save settings.
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CONFIGURE THROTTLE 1 THROTTLE 1 CALIBRATION FORCING
Pwh OUT 3 v THROTTLE 1 OUTPUT 0on %
THROTTLE 1 FAULT STATUS @ CALIBRATION ACTIVE
@ 41300 THROTTLE 1 SHUTDOWN [] CALIBRATION MODE
@ AL1301 THROTTLE 1 ALARM [] CALIBRATION TO Ma&XIMUM

@ AL1305 THROTTLE 1 POSITION ERROR THROTTLE 1 MANUAL MODE

[] SELECT MaANUAL MODE

g I NS

THROTTLE 1 SETTINGS MANUAL CAL SETTING OSTS *
] THROTTLE 1 REVERSE ACTING MANUAL/CALIBRATION RATE 1nfS-5 2
Fa/M OUTPUT 3 TPS 1 SETTINGS

DUTY CYCLE MIN LIMIT NS [ USE TPS 1

DUTY CYCLE M LIMIT ne S o=

DUTY CYCLE AT 0% COMMAND NS %

DUTY CYCLE AT 100% COMMAND NS =

P/ FREQLENCY 1000215 Hz

DUTY CYCLE COMMAND

=
o
a8

PwMACTUATOR CALIBRATION

1 - Select CALIBRATION MODE

2 - Tume the DUTY CYCLE AT 0% COMMAND zo that valve is ful closed.
3 - Select CALIBRATION TO haxIbLIM.

4 - Tume DUTY CYCLE AT 100% COMMAND o that walve iz full open.

5 - DE-SELECT CALIBRATION MODE and save Tunables 1l

Figure 3-17. Throttle Actuator Calibration (HMI Screen 6.2)

PWM Throttle Actuator Calibration Procedure (NOT using TPS)

1. Select “CALIBRATION MODE” (upper right of figure)

2. Tune the “DUTY CYCLE AT 0% COMMAND?” so that the valve is
mechanically fully closed. This should be checked visually on the valve if
possible.

3. Select “CALIBRATION TO MAXIMUM”

4. Tune the “DUTY CYCLE AT 100% COMMAND?” value so that the valve is
just mechanically fully open. This should be visually checked on the valve if
possible.

5. De-select “CALIBRATION MODE” and save settings.

Lube Oil Temperature (LOT) Signal Input

In Figure 3-18 the HMI settings for user configuration of the LOT signal are
shown. To enable the LOT sensor input select one of the options in the drop
down box at the upper center of the figure, other than “NOT USED”. In the table
on the right the voltage to temperature scaling table is adjusted by the user. The
input is designed to work with 0 to 5 Volt signals and requires a resistor type
sensor connected to ground. Note that the sensor works as a resistor in a voltage
dividing circuit inside the PCM128-HD. The correct voltage as a function of
temperature can be calculated with the following formula:

(Voltage _at _input = Rtemisor __x 5/

Rthermistor+2210
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The calibration for the Woodward LOT sensor DL08041301 is given in the table
below and shown graphically in Figure 3-19).

302
245
212
176
104
58
32
4

Ohms Temp °C Voltage at E3 Input

204 100 0.42

275 90 0.55

376 80 0.73

526 70 0.96

746 60 1.26

1081 50 1.64

1598 40 2.10

2417 30 2.61

3717 20 3.14

5969 10 3.65

9795 0 4.08

29124 -20 4.65

Table 3-3. LOT Signal Configuration (HMI Screen 6.10)

LaT
LOT SCALIMNG
@ LoT 0K
LIMITED
LOT SELECT AM 26 2 2K PU v Raw W] SCALED [F)
LOT MIN LIMIT 005212 voc 0357143
0. 702061

LOT M LIMIT 49155 vDC 1118721
LOT INPUT [[ala 1.734772
FILTER il 3517376
LOT R INPUT 500 VOO 4. 252267
LaT . 4 E91806
UMNFILTERED ' 4.89429
LOT FILTERED 1200 °F

Figure 3-18. LOT Signal Configuration (HMI Screen 6.10)

If a sensor with a different scaling is used, the scaling table (see Figure 3-19)
should be adjusted accordingly.

The alarm thresholds are adjusted in the fields on the left. The default value for

low alarm threshold is 0.25 V and for the high alarm threshold is 4.75 V.

A filter time constant (“LOT INPUT FILTER”) can be entered to filter noise from

the input signal.
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LOT sensor calibration

140
120
100

S AN

v 80 N

Z 60 AN

g 40 \

E’ 20 \
0 \-‘
-20 4
-40

NTC voltage

Figure 3-19. LOT Sensor Voltage vs Temperature (°C)

HEGO Sensors

The E3 Stoichiometric Control system uses Woodward StableSense™ HEGO
Sensors (Woodward part number 1689-1697). The HEGO sensor measures the
amount of oxygen in the exhaust gas. This measurement is then used to control
the air/fuel ratio.

The system uses one or more pre-Catalyst HEGO Sensors and one Post-
Catalyst HEGO Sensor.

Figure 3-20 depicts the HMI settings for user calibration of HEGO 1 sensor input
filter time constant and heater settings.

Fault thresholds are adjusted for the sense cell and Heater Current and are
depicted in Figure 3-21. The default value for sense cell voltage low alarm
threshold is 1 mV and for the voltage high alarm threshold is 1050 mV. The
default value for window alarm threshold is 440 m V and for the window high
alarm threshold is 480 mV.

The GRACE PERIOD value delays the HEGO faults until the time entered has
elapsed. This gives the sensor time to heat up and read properly. If a sensor fault
is detected after the GRACE PERIOD expires, a fault is latched and the control is
placed in the appropriate mode.
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HEGD 1- PRAE-CAT BANK 1 HEGD 1 SENSOR FAULTS
HEGO 1 INPUT FILTER 1[Ef8 see @ HEGD 1 0K
HEGO 1 DIFFERENTIAL DELAY N[EFS meee @ AL550 HEGO 1 VOLTAGE LOW
HEGO 1 UNFILTERED 544 v @ 4L555 HEGD 1 VOLTAGE HIGH
HEGO 1 FILTERED 544 iy @ 4L560HEGO 1 SENSOR FAILED
HEGO 1 HEATER @ 4L561 HEGO 1 HEATER OFEN CIRCUIT
] B ) AR (AL HEGD 1 FAULT ARM HEGD SEQUENCE STATE
HEGO 1 HEATER CURRENT 0.000 ADC @ HEGO 1 ARMED HEGD STATE WARMUP
HEGO 1 HEATER DUTY CYCLE 1m0 % @ ENGINE RUNNING SHOCK REMAIN 0 sec
HEGO 1 HEATER P FREQUENCY 1000 He @ MO FUEL STOP WARMUP REMAIN 94 sec
HEGO 1 HEATER ACTIVE @ GRACE TIME STABLE REMAIN 0 sec
@ HEGD 1 HEATER ON (@ HEGD 1 MODE GRACE REMAIN 679 sec
@ ENGINE NOT RUNNING @ L0:4D READY e 7.0 VDL

@ RUN SWITCH OFF

HEGO 1-3 HEATER SETPOINTS @
@ AL456 HEGO 1 HEATER CURRENT HIGH SD THERMAL SHOCK DELAY h5[Sta sec

HEGO 1 SwITCHING QUALITY HEATER WARMUP TIME 12[S13] sen EFH i
@ SENSOR RICH HEGD STABLE DEL&Y B[S S sec 10-MAP §
HEGO 1 L0 PEAK. 0 om GRACE PERIOD TGS sec E
HEGO 1 HI PEAK B DOPEM CIRCUIT CURRENT LEVEL 001 515 ADC
HEGD 1 AMPLITUDE 0 my M EFFECTIWVE WOLTAGE B3[S1S] VDT E

Figure 3-20. StableSense HEGO Sensor Settings (HMI Screen 6.14)

&L 5RO -HEGO 1 VOLT LO
EMAELE AL R0 HEGO 1 VOLT LO

[] AL 550 SHUTDOWM SELECT

AL B50/565 HEGD 142 LO THRESHOLD Flele m
AL 550 DELAY Fle e s
AL 555 - HEGO 1 WOLT HI

ENABLE AL 555 HEGO 1%0LT HI

[] AL 558 SHUTDOWwM SELECT

AL BRE/570 HEGD 142 HI THRESHOLD 1050 &5 v
AL 555 DE LAY 5lel S sec
AL BED - HEGO 1 SENSOR FAILED

EMABLE AL 560 HEGO 1 SENSOR FAILED

[] AL 560 SHUTDOWM SELECT

%SE%’EJEHEGDWEF.&ULT LO sl 2lA ] Ly
%SE%’EJEHEGDWEF.&ULT HI sl 2l A
AL 5RO DELAY WS 3 sec

Figure 3-21. HEGO 1 Fault Thresholds (HMI Screen 7.11)
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Air Fuel Ratio Bias Input

In Figure 3-22 the HMI settings for user configuration of the air-fuel ratio (AFR)
bias signal are shown. To enable the AFR Bias Input select one of the options in
the drop down box at the upper center of the figure, other than “NOT USED”. In
the table on the right the AFR INDEX to mV scaling table is adjusted by the user.
This input is designed to work with 0 to 5 V signals. The default calibration for the
bias is NO BIAS.

The alarm thresholds are adjusted in the fields on the left. The default value for
low alarm threshold is -0.10 V and for the high alarm threshold is 5.1 V.

A filter time constant (“POT INPUT FILTER”) can be entered to filter noise from
the sensor input signal.

AFR POT BIAS TABLE
4FF INDEX  AFF BIAS
AFF ADJUST POT tecim] by
() POT OK N 0
POT SELECT AN 01 220K PD 1o d
240 0
POT MIM LIMIT 01pS 5 VDo 310 0
460 0
512
POT M LIMIT = 5 VDO e 0
POT INFUT FILTER 0115 sec E42 0
Bz 0
POT Raw INPUT 000 YDC
EXTERMAL BIAS
POT UNFILTERED 0
" @ ET BIAS TABLE FAULT
POT FILTERED 0 my BT BLAS VALLE
POT SCALING 115 mvn 0 mv
MODBUS STEP SIZE TOTAL SETPOINT
RESET EXTERMAL P
Bl&S TABLE TO ZERD 228 m 723 mv

Figure 3-22. AFR Bias Signal Configuration (HMI Screen 6.11)

Air/Fuel Ratio (AFR) Control

Open Loop Trim Valve Control

Trim valve open loop control uses a trim valve lookup table to control the fuel to
the engine. There is no feedback such as a HEGO sensor. The HMI settings for
open loop trim valve control are shown in Figure 3-23.
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OFEN LOOF TABLE

OPEMLOOP

iz [zcfm] [%]
a0 16.1
110 16.1
120 207
155 207
230 2156
289 214
321 2039
an 206
16.1

Figure 3-23. Trim Valve Open Loop Table (HMI Screen 1.1)

Air-Fuel Ratio Closed Loop Control

The HMI settings for open loop trim valve control are shown in Figure 3-24. The
air-fuel ratio (AFR) closed loop control uses a heated exhaust gas oxygen
(HEGO) sensor to determine the actual AFR and it compares this to the AFR
setpoint.

AFR STATE OFEN LOOF TABLE  PRE-CAT SETROINT HEGO 1 SWITCHING GUALITY
REQUEST
PRE-CAT DITHER % OFENLOOP AFR STPT
MODE D (scfm) [63] Omis (scfm]  [miv'] B
a0 161 Eil 450 HEGD 1 L0 PEAK 0w
110 161 110 450
PRE-CAT CLOSED LODP 0 07 10 i HEGO 1 HI PEAK, 0 m
O EELED 155 07 155 540 HEGO 1 AMPLITUDE U
PRE-CAT CONTROL 000 % 0 215 230 i
FID -
289 214 289 465 TRIM SETTINGS
TRIM 0E % 321 209 321 400 START POSITION EEte =
341 il 341 400
PROP GAIM uSte DEFALLT RATE ek
06 % 400 iy
INT GAIN iR = MANUAL POSITION 7002 % =
SOR ElE FREQUENCY TABLE  AMPLITUDE TABLE BERAUILT FESIE sjalal
FREQENCY ) AMPLITUDE
L0 SCALE LIMIT 10 @ — 3 Qrmix (scfm] [Hz] Qrni [zchm) %] MANUAL MODE RATE 10 @ al s
a0 1 il 3
alal
HI SCALE LIMIT Sk % 0 : 0 3 AFF SETTINGS
ADVANCED DYNAMICS 120 1 120 3 LOAD BREAKFOINT 0f2le o
156 1 155 3
GAIN RATIO Ste >0 : 20 3 LOAD HYSTERESIS M= seim
WINDOW WSS 283 1 283 3 BREAKPOINT DELAY 2[E12] see
21 1 7 3
FEED-FORWARD =
CONTROL 34 . 3 3 FILTER WISTS] see
SYMMETRY 1=
S FTVLMITS 100 Ha Gl % [ THR 1 l l FTy1 l [ I0-HEGD 1 l l 0 HEGDE] E
AFR SIGNAL s[&[& ) )
FILTER ~lw] ¢ L
‘é\FrHcEE‘gNAL 10f&l 2 cooEs @+

Figure 3-24a. AFR Pre-Cat Mono Settings (HMI Screen 1.1)
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AFR STATE OPEN LOOP TABLES AFR SETPOINT TABLES AMPLITUDE TABLES
REQUEST MODE OPEN LOOP v Qi Omix  DCSPT1 DCSPT2  GOmis  AMP1  AMP2
fsefm)  OLI[%] OLZ(  [solm) V] [mv] fscfm) 1%] 1%]
IN OPEN LOOP REASON - REQ OPEN LODP o 161 51 a0 450 450 80 3 E]
CLOSEDLOOR STATUS 110 161 161 10 450 450 110 3 3
BANK 1 BAMK 2 120 07 07 120 540 540 120 3 3
155 207 20.7 155 540 540 155 3 3
CONTROL ENABLED
e o 230 215 215 230 500 500 230 3 k]
PRE-CAT CONTROL
DN LO%W LIMIT - ] Q 283 214 214 283 465 485 283 3 3
PRE-CAT CONTROL 321 08 09 21 400 400 Al 3 3
ON HIGH LIMIT o o 341 206 206 M1 400 400 341 3 3
FID 0 % 0o %
165 165 % 457 457 iy 30 an
TRIM VALUE 165 % 165 %
FREQUENCY TABLE
CLOSEDLOOF SETTINGS l THR 1 H THR 2 H FTV 1 H FTv 2 ”\U—HEED1] — o
BANK 1 BANK 2 (sl [Hz)
— RS GoEIars ADYANCED DiYNAMICS o "
GAIN RATID e 10 f
INT GAIN [N ulsls
WINDOW wnfEl e w 120 1
SDR 100/l S 155 1
- B AFR SETTINGS 230 1
L0 GCALE LIMIT nEls = 15lel e % e O[T e 289 ]
HI SCALE LIMIT 0[S % 10fEte] % LOAD STET= a1 !
TRIM SETTINGS HIVSTERESIS e M !
BREAKPOINT FFSES .
MANUAL POSITION s s 7mlEl S = DELAY oAk 4 1.00 Hz
FEED FORWARD BIEA
Sie
SWITCHING QUALITY FILTER . EAEN‘!mEZLAY
7S
HEGO L0 PEAK. 460 v 457 v STMMETRY s DELAY 00 msee
AFF SIGNAL Ala ala
HEGO HI PEAK 453 v 451 v FILTER SSie see BIAS 0[S 1e] msee
AFF SIGNAL ala PHASGE ala
HEGO AMPLITUDE 3 my 3 my CYCLES 10[S T CYCLES DFFSET 0fS o] dea
Figure 3-24b. AFR Pre-Cat Stereo Settings (HMI Screen 1.1)
AFR STATE OPEN LOOP TABLE PRE-CAT SETPOINT HEGO 1 SWITCHING DUALITY
RETERY OPENLOOP AFR STPT
MODE i sl 4] Qi fscfm] [ ) () SR G
i 161 i 450 HEGD 1 L0 PEAK 0 my
POST-CAT STATUS 1o 161 1o 450 HEGO 1 HI PEAK. 0 v
120 a7 120 540 "
(O FTSIET B 155 207 155 540 HEGD 1 AMPLITUDE 0 v
230 215 230 500
POST-CAT LO LIMIT
L 783 214 783 465 TRIM SETTINGS
@ POSTCAT HILIMIT 2 2049 21 400 START POSITION EE
4 341 08 341 400
EB?&&S[MD 00 % DEFALILT RATE 2l&he] 2
. 06 % 400 my
EE?;UE@TT 723 mv MANLIAL POSITION 70058 %
POST-CAT CONTROL POST.CAT SP TABLE DEFAULT FOSITION sofShe =
Ala
PROP GAIN ] Qrislsci) SR MANUAL MODE RATE 10[E18] s
005l=-%
INT AN L= b 0 a0 AFR SETTINGS
P 70 FREQUENCY
SOR nsis LOAD BREAKPOINT 200/ -S4 schm
240 730 100 He Sie
DEADBAND 11S1s| m 310 750 LOAD HYSTERESIS 20514 scfm
I = AMPLITUDE
Ala o
TRIM SCALE 200055 mv/100% = 1 a0 % BREAKPOINT DELAY 2l =18 see
542 716 FEED-FORWARD ala
PRE-CAT STATUS s 03[EFS sec
ER 712
(@ CONTROL ENABLED
10
R T 723 my [ THR1 l [ I0-HEGO 1 l [ ID-HEGDSI [
CONTROL PID *
POST-CAT FID 00 v
BIAS POST HEGO SIGNAL FILTER POST HEGO SIGNAL PROCESSING
@ FRE-CAT LO LIMIT 52l e [] USE AVG PER CYCLE
@ FRE-CAT HI LIMIT 0S4 Cvles [ USE RUNNING AVERAGE

Figure 3-25a. AFR Post-Cat Mono Settings (HMI Screen 1.2)
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AFR STATE

OFEM LOOP TABLES FRE-GAT SP TABLES FOST-CAT GP TABLES
REQUEST MODE OFEN LODP - Qi Omix  DCSPT1 DCSPTZ POST-CAT SF
[scfml 012 OL2(%)  fscfm)  [m¥ ] it fscfr] miv]
IN OPEN LOOP REASON - REQ OPEM LOOP 20 6.1 161 20 450 450 0 730
POST-CAT PID BIAS POST-CAT HEGD 3 POST-CAT LIMIT 1o 161 161 1 “0 “n 1o 0
i : i 120 07 a7 120 540 540 240 730
00 m 846 QLo 155 w07 w07 155 540 540 310 750
POSTCAT CLOSED-LOOR ENAELED @H = 218 218 =0 500 5 450 (e
o i : 289 214 214 289 455 465 578 720
PRE-CAT STATUS 321 209 209 321 400 400 542 716
BANK 1 BANK 2 341 208 206 347 400 400 682 712
CONTROL ENABLED
b ° 165 165 % 458 463 v 70 v
FID 0o % 00 %
[ THR 1 H THR: 2 ” FTV 1 H FTV 2 ] IID—HEED1 H UHRELP l
POST-CAT CONTROL MAT
sy
POST-CAT CONTROL PROP GAIN N AFLF‘DiETTINGS S \OHEGD 2
200 scfm
POST-CAT CONTROL INT GAIN [l BREAKFOINT ~l¥
BREAKPLINT TETE] AMPLITUIDE BANK 1
FOST-CAT CONTROL SDR e DELAY e 30 %
LOAD DIETA] o
POST-CAT DEADBAND 0fS1e v HYSTERESIS —— AMPLITUDE BANK 2
FEED-FORWARD [
POST-CAT CONTROL TRIM SCALE 20/ &8 w00z FILTER =AC< 30 %
TR SELEE POST HEGD SIGNAL FILTER: T
HEES
MANUAL POSITION amlelal 5 wmlSla] « ZI¥] === 100 Hz
2}S+54 cvoies BANK DELAY
SWTCHING QUALITY
BANK 2 00 mosc
HEGD LD FEAK 160 my 457 my | POSTHEGO SIGNAL PROCESSING DEL&Y
7] USE 4G PER CYCLE BIAS i =ls
HEGD HI PEAK, 163 mv 1 v A ==
PHASE Ala
[] USE RUNNING AVERAGE ] deg
HEGO AMPLITUDE 3 m £ OFFSET =i

Figure 3-25b. AFR Post-Cat Stereo Settings (HMI Screen 1.2)

Speed/Load Control

The Speed and Load Control functions use PID logic. In all speed applications or
in generator applications without load (generator breaker open) or with load but
in island mode (generator breaker closed, but grid breaker open) the control uses
a speed reference and the actual engine speed as inputs for the PID. When in
grid mode (both the generator breaker and the grid breaker are closed and “USE
E3 INTERNAL BASE LOAD CONTROL” is selected on HMI screen 7.0), a load
set point and the actual measured mechanical load are the inputs for the PID.

Speed Sensing

In speed control mode, the actual speed of the engine needs to be accurately
measured. The raw speed signal enters the software as a frequency and is
converted into engine speed (rpm).

Figure 3-26 shows the HMI settings for user configuration of the engine speed
signals.

SPEED SENSING
[] USE LOWw-FPASS SPEED FILTER

LOwi-PASS SPEED FILTER 15 @ s Hz
SPEED SAMPLES PER CYCLE G

[] CRAME EDGE RISING

CRANK SENSOR TYPE MAGMETIC PICK-LUP

Figure 3-26. Speed Sensing Configuration (HMI Screen 7.3)
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This speed signal is filtered with a second order low-pass filter, with a tunable

cutoff frequency. This tunable value has a range of 0.01 to 16 Hz (unfiltered) and
a default of 15 Hz.

Filtering should be kept to a minimum to minimize lag, i.e. the cutoff frequency

constant should be as large as possible.

Speed Reference

The HMI basic configuration settings for speed control are shown in Figure 3-27.

The control provides two Speed Reference modes: Generator Mode and

SPEED COMTROL
USE SPEED COMTROL

REMOTE SPEED
REFEREMNCE SELECT

START RAMP 2
START FUEL LIMIT 20
RUN SPEED 450
IDLE WAIT TIME 30

[ ] EMABLE IDLE SELECT

MIN SPEEDADLE 300
RATED SPEED 1200
Max SPEED REF 1200
MecIMLUM FUEL LIMITER 100
RAISEADWER SPEED RATE 25
OWVERSPEED SETPOINT 1315

USE SPEED BI&SED DYMaMICS
[ ] USE Réw SPEED FOR OVERSPEED INPUT
[ ]USE DROOP

DROOP 0

p I |
4p Ay A A

S | v v P
4r dp Ap Ap 4p 4p

=y
ol

AMALOG INPUT

i
-

zec

RPH

RPH

RPH

RPM./s

RP

4

Figure 3-27. Speed Control Settings (HMI Screen 7.2)

Mechanical Drive Mode.
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Generator Mode

The speed reference can be changed by the speed Lower/Raise contacts, the 0-
5 Vdc Speed/Load reference input, the 0-5 Vdc Speed Bias Input, the PWM
Speed Bias Input, Modbus command, or biased via CAN from an easYgen.

On start, the speed reference will run at “Minimum Speed ref/Idle” and remain for
a tunable warm-up delay time. Once this timer expires the reference will ramp up
to the tunable rated speed at the Accel/Decel Rate.

When the reference is ramping from Idle to Rated and the raise or lower discrete
input is activated, the reference will stop the automatic ramp to rated and hold at
that set point. The reference then can be adjusted using the raise or lower inputs
at the Raise/Lower rates.

Idle Speed

Idle speed is selected under any of the following conditions: During the Idle
warm-up; discrete input Idle/Rated is active; when the engine is stopped; engine
speed is below the user input value for “Run Speed” AND the generator breaker
is open.

Rated Speed

Rated speed is selected under any of the following conditions: Idle speed is
reached and Idle delay/warm-up timer is expired; Generator breaker is closed
and the “Droop Mode” tunable is FALSE (isochronous mode); Generator breaker
Opens.

Raise and Lower Inputs

The manual speed adjustments are active when the generator breaker input is
open and the idle delay timer has expired. When the Lower input is active, the
speed reference ramps to “Minimum Speed ref/ldle” at the “Raise/Lower Speed
Rate”. When the Raise input is active, the speed reference ramps to “Maximum
Speed ref’ at the “Raise/Lower Speed Rate”.

Remote speed setting

Remote speed setting, the reference will ramp at the Raise/Lower ramp rate
while the remote speed setting is active. If either of the remote input fault alarms
activate, the reference will hold at the last value just before the fault was
detected. The speed reference can then only be adjusted with the raise and
lower inputs until the signal is restored and faults cleared.

Droop Mode - Generator Application Only

It is possible to run the control in droop mode. To do this, the engine needs to be
synchronized to the grid by using raise or lower speed inputs or the speed bias
and closing the utility breaker.

The control needs to remain in Speed control mode (utility breaker open).

[ JUSE CROCP

DROOP 1] EY E

Figure 3-28. Droop Settings (HMI Screen 7.2)
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Droop Mode with Dual Dynamics (using Dynamics 1 and Dynamics 2)
Figure 3-28 shows the HMI settings for droop mode with dual dynamics. In this
mode the generator breaker position is monitored. To make possible switching
between Dynamics 1 and Dynamics 2 in droop mode, the generator breaker
input must be connected and the checkbox “Droop Mode (Dual Dynamics)” must
be checked. The following methods can be used to change the speed reference
in this mode: Raise/Lower discrete contacts, the speed bias input when
configured correctly and the Remote speed reference input. A suggested starting
load droop percentage is 5%.

In this mode the speed reference is not set to rated when the breaker closes,
there is only a reset to rated when the breaker opens (allowing different grid
frequencies and improved load rejection performance).

Mechanical Drive Mode

In mechanical drive mode the speed reference can be changed between user
specified limits for minimum and maximum speed via the Lower/Raise contacts,
the 0-5 Vdc Speed/Load reference input, or Modbus command.

On start, the speed reference will run at “Minimum Speed ref/Idle” and remain at
that speed until the Raise or Remote input is activated.

Speed Raise and Lower Inputs

The manual speed adjustments are active after the idle delay timer has expired.
When the Lower input is active, the speed reference ramps to “Minimum Speed
ref/ldle” at the “Raise/Lower Speed Rate”. When the Raise input is active, the
speed reference ramps to “Maximum Speed ref” at the “Raise/Lower Speed
Rate”.

Remote speed setting
The remote Speed/Load reference is selected by closing both the Lower and
Raise contacts.

The reference will ramp at the Raise/Lower ramp rate while the remote speed
setting is active.

If either of the remote input fault alarms activate, the reference will hold at the
last value just before the fault was detected. The speed reference can then only
be adjusted with the raise and lower inputs until the signal is restored and faults
cleared.

Remote speed setting is selected when all of the following conditions are
simultaneously met: Raise and lower inputs are both active for more than 2
seconds; Idle delay timer has expired; the remote input limit alarms are both
inactive.

Load Sensing

Load sensing requires an external signal. See Load Input on Page 6 for
information about configuring this signal. In the software the signal is converted
to a kW signal. Optionally, if the easYgen J1939 is activated the measured load
will be received over the J1939 network from easYgen 3100/3200.
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Load Control

LOAD REFEREMCE SETTIMGS

REMOTE LOAD REFEREMCE SELECT ANALOG INPUT
MINIMUM LOAD 0S5 kw
MARIMUM LOAD 12015 5 kw
RAISE RATE 0[S 5 kwis
LOWER RATE 10215 ks
REM REF LIMIT 120155 kw
REM REF RATE 10/ 2 kwis

[ ]SYSTEM SHUTDOWM CALSES IMSTANT UMLOAD

Figure 3-29. Load Control (Grid Mode) Settings (HMI Screen 7.2)

Figure 3-29 shows the HMI user settings for Load Control (Grid Mode). The load
reference is active only when in load control (grid) mode, i.e. when the generator
breaker and utility breaker discrete inputs are both closed. The load reference
can then be changed with the raise and lower inputs, or with the remote load
reference input if enabled and active. See Remote Speed/Load Reference Input
on Page 5 for information about configuring this signal.

When running in Load Control (Grid mode) mode, the plant/island electrical bus
is connected to the grid via the utility breaker (both breaker feedback inputs are
TRUE). When the engine is configured as a droop system in island mode (utility
breaker open), this means that the Speed set point + Droop to PID will change
depending on the droop percentage that is configured and the base load (island
load) that is required. This speed set point will be lower than the rated speed set
point. When the utility breaker is opened and the system goes into island mode, it
depends on the island load what the resulting speed set point will be. It will be
lower than the rated speed frequency but this also depends on the droop
percentage and the actual island load.

For example: Droop % = 3%
Rated load = 1000 kW

Plant load = 300 kW

Rated Speed = 1500 rpm

When the engine runs in Load Control (Grid mode) mode with both the utility and
generator breaker closed the total load is 1000 kW (300 kW island load + 700 kW
exported to the grid). With 3% droop, this gives a resulting speed set point of
1500 — 30 = 1470 rpm. The control measures the new actual plant load of 300
kW. This gives a new speed set point of 1500 — 9 = 1491 rpm. To get to the rated
speed set point, the operator needs to raise the speed setting manually. When
more engines are connected to the plant and configured as droop system, an
equal droop percentage for all engines is required to divide the load in the above-
mentioned situation. When only one engine is on the plant bus, it is better to
configure 0% droop (isochronous operation), so no speed change is seen when
switching from Load Control (Grid mode) to speed control.
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Load Raise and Lower Inputs

The manual Raise & Lower Discrete Input load adjustments are active when in
Load Control mode and the Remote Input is not active AND easYgen CAN J1939
is NOT enabled. When the Lower input is active, the load reference ramps to
“Minimum Load” at the “Load Lower Rate”. When the Raise input is active, the
load reference ramps to “Maximum Load” at the “Load Raise Rate”.

Remote load setting

The Load reference will ramp at the Remote ramp rate while the remote load
setting is active. The max remote reference is limited based on a tunable REM
REF LIMIT in Toolkit. If either of the remote input fault alarms activate, the
reference will hold at the last value just before the fault was detected. The load
reference can then only be adjusted with the raise and lower inputs until the
signal is restored and faults cleared.

Remote load setting is selected when all of the following conditions are
simultaneously met:

Load Control is active

Raise and Lower inputs are both active for more than 2 seconds
easYgen CAN J1939 is NOT enabled

The remote input limit alarms are both inactive.

The discrete input Idle/Rated is not active (rated)+

EasYgen remote load setting overrides the remote input when all of the following
conditions are simultaneously met:

EasYgen CAN J1939 is enabled

Watch dog fault for easYgen is FALSE

PID Control

The PID controller compares the actual value with the set point. When the actual
value is higher than the set point the PID output will decrease, when the actual
value is lower than the set point the PID output will increase. There are 3
different control settings that determine the dynamic behavior of the PID:

e  Proportional Gain

e |-gain

e  Derivative

The above-mentioned PID settings can be attributed to different time domains.
The proportional action reacts on the present situation, the Integral action reacts
on the past and the derivative action predicts what will happen and reacts on
that.

The output of a PID controller will change in response to a change in
measurement or set-point. Tuned PID combinations of proportional, integral, and
derivative will provide the best type of process control required. Figure 3-30
shows the process response to a perturbation with different combinations of P, [,
and D control. For a full explanation of PID control, refer to publication 83402.

Woodward 37



E3 Stoichiometric Control System Manual 26473

~P only — notice the offset
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Figure 3-30. PID Response

Dynamic Settings Selection
The Speed and Load dynamics depend on operator selections and engine
running modes. The following selections are made by the user:

Fixed dynamics or variable dynamics.

Variable dynamics have two options:
Dynamics not depending on speed or load
Dynamics depending on speed
Dynamics depending on load
Dynamics depending on speed and load

Fixed Dynamics

When fixed P, |, and D gains are selected in the SPEED CONTROL FIXED
DYNAMICS HMI user settings (Figure 3-31), the selected fixed gains are
independent of the run mode of the engine (generator breaker and utility breaker
positions). Also the load and PID% have no influence on the selected fixed gains.

FIMED DYNAMICS SELELT FIXED ACTUAL DYHAMICS DYNAMICS SELECTED
FROP S FIXED FROP FROP
GAIN UA[ST U pRop Gam GAIN 2000 GAIN DYNAMICS 1
INT AT FIXED INT INT INT
GAIN VST Ll Gain GAIN 1.000 GAIN DYNAMICS 1
SDR PRI ] FIXED SDR SDR 0.250 SDR DYNAMICS 1

Figure 3-31. Fixed Dynamics Settings (HMI Screen 1.3)

Variable Dynamics

When the P, |, or D fixed gain is not selected, the corresponding variable gain
curve will be active. These variable dynamics depend on the engine mode
(generator breaker status and grid breaker status).
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There are 3 different variable dynamics selections possible. Figure 3-32 shows

the logic used for selecting dynamics in different operating modes. The 3 modes

are:

¢ Dynamics 1 — Speed control mode (both the generator breaker and the grid
breaker are open)

e  Dynamics 2 — Island mode (the generator breaker is closed but the grid
breaker is open) — Generator application only

e  Dynamics 3 — Load Control (Grid mode) mode (both the generator breaker
and the grid breaker are closed; the engine is parallel to the grid) —
Generator application only

Fixed Dynamics NOT
selected

Generator Breaker OPEN

AND AND —» D ics 1 select
Grid Breaker OPEN ynamics 1 selected
OR Speedcontrol mode
Generator Breaker OPEN
AND
Grid Breaker CLOSED
Generator Breaker CLOSED AN AN
—» D ics 2 select
Grid Breaker OPEN ynamics 2 selected
OR Island mode

Generator Breaker CLOSED
Grid Breaker CLOSED AND

KW control not enabled

Generator Breaker CLOSED AND —® Dynamics 3 selected
Grid Breaker CLOSED AND Load control (Grid) mode

KW control enabled

Figure 3-32. Dynamics Selection Logic

The Proportional Gain is a result of this formula:
P GAIN = Base Gain X Cold Gain Fraction X Speed Fraction X Gain Ratio

The Base Gain is developed in the table; the table indices are selectable from
Qnmix, Throttle Command, or the Load Input. Dynamics 1 & 2 share the same
index. Dynamics 3 Index uses kW input

The Cold Gain Fraction is developed based on the ECT measurement. When the
ECT is at or below the COLD DYNAMICS TEMP, the Cold Gain Fraction is equal
to the PROP GAIN FRACTION @COLD tunable. As the ECT increases the Cold
Gain Fraction rises and is linearly interpolated. The Cold Gain Fraction levels out
to 1.0 as the ECT rises to and above the WARM DYNAMICS TEMP.

The GAIN RATIO is activated when the absolute value of the speed error is
greater than the Window Width. The Gain Ratio is then passed into the formula
above.
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When SPEED BIASED DYNAMICS is activated, the Prop gain and Int Gain are

. . . ACTUAL_SPEED .
reduced by multiplying by a factor equal to.—RATED_SPEED , the actual engine speed

is bounded by IDLE SPEED and RATED SPEED.

In dynamics 3 mode (on grid) the Proportional Gain is determined through 1
curve block that receives its input from the generator load only.

wars | .

Gainrate
Fast Gain ratic

Gain raio
Fast Gain ratio

LoW Dynamics selection (1/3)

Figure 3-33. Proportional Gain Logic
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As shown in Figure 3-34, the I-gain and SDR (Speed Derivative Ratio) do not use
the ratio factor.

- Isand ! Ged

Gain. seiection elocton -
ety | - elecion
AP% ;F o q— P @, imepel Gan
a Fixed |-Gain’ e
Aeand
on G b 4
[Pynamics
\Gan
% (|| versus
AP
atle
nancs
I-Zair
Gen Load > versus.
— Load®,
adie

Dynamics selection (2/3)

Figure 3-34. I-gain and SDR (Speed Derivative Ratio) Logic

Figure 3-35 shows the HMI user settings for Dynamics 1. The curves are tuned in
the tables in the center. The resulting gains and SDR factor are shown in the
fields on the right.

Similar settings are available for Dynamics 2, when the generator breaker is
closed but the engine is still in speed control mode (Figure 3-36).

Figure 3-37 shows the HMI user settings for Load Control Dynamics. The ratio
factor in V is based on a load error that is compared to an absolute load window.

The box beside “Enable KW Dynamics” needs to be checked to activate V. When
this box is not checked the control will use Dynamics 2 regardless of the grid
breaker status.

COLD DYNAMICS
[1EMABELE COLD DYNAMICS
COLD GAIN

FRACTION 1.00
COLD DYNAMICS nfElal g
TEMP v|w
PROP GAIN Jglala
FRACTION @&COLD ealitvg
WARM DYNAMICS Ala] .
TEMP WiSTe F
ACTUAL DYNAMICS
PROF GAIN 2.000
SPEED CONTROL DYNAMICS 1 MAPPED PROP GAIN 1 MAPPED INT GAIN 1 MAPPED SDR 1 T GAN L
DYN INDEX DAL DM INDEX 1 DYN INDEX T
i " ] i ] 1] i i DR 02850
RaTIO 150/ S5 90 2 a0 1 90 025
WINDOW BIEE poy 110 2 110 1 1o 0.25 DYMAMICS SELECTED
WIDTH linvg 200 2 200 1 200 0.25 PROP GAIN DYMAMICS 1
@ WINDOW ACTIVE 250 H 250 1 250 0.25
300 2 300 1 300 025 INT GAIN DYMAMICS 1
DN INDEX 42398
SPEED FRACTION SDR DYNAMICS 1
DN INDEX
SELECT Qi » @ UTILITY BREAKER | (@) GEN BREAKER 1.00

Figure 3-35. HMI settings for Dynamics 1 (HMI Screen 2.3)
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COLD DYNAMICS

[] EN4BLE COLD DYMAMICS
COLD GAIN
FRACTION 100
COLD DikAMICS ol £
PROP GAN s
FRACTION @COLD Sl
AR DYNANID wala 5
ACTUAL DYNAMICS
SPEED CONTROLDYNAMICS 2 MAPPEDPROPGAINZ  MAPPED INT GAIN 2 MAPPED SDR 2 AT B 2000
DYN INDEX DN INDEX DYN INDEX I B 10m
0 PGAIN i 1GAIN 0 DR ()
R ElEs a0 03 E 0.45 £l 02 sOR 0250
10 (& 0 045 10 2
wibTh” s0f =] AP 200 ns 200 045 2m nz DYNAMICS SELECTED
@ VNDOW ACTIVE 20 03 250 04 20 02 PROPGAIN DYNAMICS 1
300 08 am 04 300 03
DN INDEX 3% INT GAIN DYNAMICS 1
SPEED FRACTION
shE G v @ UTILTY BREAKER | @) GEN BREAKER 100 Eo0 DYHAMICS 1
Figure 3-36. HMI settings for Dynamics 2 (HMI Screen 2.4)
LOAD CONTROL DYNAMICS MAPPED PROP G&IMN 3 MAPPED INT GAIN 3 MAPPED SDR 3
Frop Gain Integral Gain
LOAD COMTROL DYMAMICS Load [kiw] [k Load [kw] [kw] Load [kiw] SDR [kKw]
GalN RATIO 1.00 @ : 1} 0.4 1} 03 1} 20
AESES 200 0.4 200 03 200 20
AR SO W[STe] kv 400 0.4 400 03 400 20
) WIND DWW ACTIVE EOO 0.4 EOO 03 EOO 20
800 0.4 800 03 800 20
LOAD 219 kw

Figure 3-37. HMI Settings for Load Control Dynamics (HMI Screen 1.8)

Load Rejection Assist

Figure 2.40 shows the HMI settings for the Load Rejection Assist Function. The
function is enabled by placing a check in the box “USE CIRCUIT BREAKER
FEED-FORWARD” and/or “USE LOGICAL OVERSPEED”. This function applies
a limit to the mixture throttle position for the duration specified in “REJECTION
TIME DURATION”. The limit applied is the value specified in ““REJECTION
THROTTLE POSITION”. Triggering of this function occurs when a generator
breaker transition from closed to open is detected (if circuit breaker feed-forward
is selected) and/or when measured engine speed reaches the “LOGICAL
OVERSPEED LEVEL” (if logical overspeed level is selected). This function is
disabled when measured manifold pressure is below the value specified in
“‘REJECTION MAP THRESHOLD”.
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LOAD REJECTION
[ JUSE CIRCUIT BREAKER FEED-FORWARD

[ ] USE LOGICAL OWERSPEED

@ GEMERATOR BREAKER

REJECTIOMN TIME DURATION 2 % 5 EC
REJECTION MAP THRESHOLD ! $ v psia
REJECTION THROTTLE POSITIOMN 20 $ = %

LOGICAL OWERSPEED LEVEL 1240 @ < FPM

@ LOAD REJECTION ACTIVE

SPEED PEAK DETECT
HI 1200.0 RPM

Lo 0.0 RFM

RESET SPEED PEAK. DETECT

Figure 3-38. HMI Settings for Load Rejection Assist (HMI Screen 1.6)

Start Settings

Figure 3-39 shows the HMI settings for engine starting. The individual
parameters are adjusted by the user to achieve desired results, as follows.

START SETTINGS

PURGE TIME 2l o s
START FUEL P

LIMIT il 2 a it

START RAMP 2l s
IDLE ‘WAIT =

TIME NISIS] see
M MUM Ala] .

FUEL LIMITER WSS =

Figure 3-39a. Engine Start Settings (HMI Screen 2.0)
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FIXED D'YNAMICS FIXED - SPEED FRACTION
P GaIN 075 = % ] 1.00
| GalN 07 e o ]

SDR == [

TRIM WALWE COMTROL

AFR MODE REQUEST OPEM LOOP w
TRIM VALVE START aelalal .o
FOSITION =) %
MANUAL POSITION 47 % & X

Figure 3-39b. Engine Start Settings (HMI Screen 2.0)

PURGE TIME - the desired length of time during engine cranking between
detection of engine rotation and enabling fuel delivery. This allows the engine to
be purged with air to provide for a safe startup condition. If an external ignition
system is used, the main gas shutoff valve signal should also be wired into the
external ignition enable input to prevent the ignition from firing before the purge
time has expired.

START FUEL LIMIT — the maximum permitted mixture throttle opening until “run
speed” is reached (and control of mixture throttle position is released to the
speed control PID)

START RAMP - limits the rate that the Speed Control PID can open the mixture
throttle after “run speed” is reached. The Start Ramp function ends when the
measured speed reaches 95% of the reference speed and the Speed Control
PID is in control for greater than 1 second.

MAXIMUM FUEL LIMITER - limits the maximum mixture throttle opening,
irrespective of other control inputs
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Bank Balancing

The HMI settings for user configuration of bank balancing are shown in Figure

3-42.
L THROTTLE 2 OFFSET  BALANCE PERMISSIVE
TABLE ENABLE BANK BALANCE
TABLE IN
vl (@ BALANCING ENABLED
@ SENSORS OK
LSSBUS  OPEN LOOP USRS
DEMBND %) BIAS %] o by pELAY o
0 0
o 0 @LOWLM
50 ' @
HI LIM
75 0
100 0 @ ALI0BANK BALANCE HIGH LIMIT
110 0
@ £L51 BANK BALANCE LO LIMIT
TABLE OUT

noo [O-MAP & MAT

PID OUT (100 TO 100

0z

BN BALANCE SETTIMGS
BAMK BALAMCE SETPOINT OFFSET 0= % scm
RUN DEL&Y PERMISSIVE BfS o sec
TRIM RANGE St %
PROP GAIN ===
INT GAIN e
SDR ===

Figure 3-40. Bank Balancing Settings (HMI Screen 2.0)

To enable bank balancing, place a check in the box beside ENABLE BANK
BALANCE.

BANK BALANCE SETPOINT OFFSET - The setpoint for the Bank Balance PID
(%). Changing this will allow the user to intentionally unbalance the banks to test
balancing dynamics.

RUN DELAY PERMISSIVE- The delay after engine run that the balancing will
activate.

TRIM RANGE - This value establishes the maximum adjustment that can be
made to correct for imbalance conditions (%). This is the max trim adjustment
that the balancing PID will make at 100%.
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PROP GAIN - The Proportional Gain of the Pre-Cat Control Loop, decreasing the

Prop Gain will reduce the response of the control loop. See PID control section.

INT GAIN - The Integral Gain of the Pre-Cat Control Loop, decreasing the Int
Gain will slow the response of the control loop. See PID control section.

SDR - The SDR of the Pre-Cat Control Loop. See PID control section.

AFR Post-Cat

The HMI settings for user configuration of AFR Post-Cat are shown in Figure

3-43.

AFR STATE
Renel OPEN LOOP v
OPEN LOOP
REASON- REQ OPEN LOOP

POST-CAT STATUS
@ FOST-CAT EMABLED

@ POST-CAT LO LIMIT

@ FOST-CAT HI LIMIT

POSTLAT .
CONTROL PID i

FOSTCAT

SETPOINT i o

POST-CAT CONTROL
FROP GAIN

=
I}

A dqe qe (e [
4r 4» O O O

INT GalN 005
SOR an
DEADEAND 0 o
TRIM SCALE 20 wADDE
FRE.CAT STATUS

@ CONTROL ENABLED

EoNTROL PID 000K
POST.CAT PID w
@ PRECAT LO LIMIT

@ FRECAT HILIMIT

Figure 3-41. Post Cat AFR Settings (HMI Screen 3.3)

OPEN LOOP TAELE PRE-CAT SETPOINT

OPENLOOF AFR STPT
Qs [scfra) [E5) Qs [scfm] [ ]
a0 16.1 g0 450
10 161 10 450
120 207 120 540
185 207 185 540
230 215 230 500
289 214 289 465
2 208 321 400
£l 206 41 400
206 % 400 my
POST-CAT SP TABLE
POST-CAT
Omix[scfm] 8P [mb]
730
10 730 FREQUEMCY
240 730 100 Hz
20 750
e =5 AMPLITUDE
575 720 30 %
g4z 716
g2 712
73w

POST HEGOD SIGMAL FILTER

Flala
i

0[&1% CroEes

HEGO 1 SWITCHING QUALITY
) SENSOR RICH

HEGO 1L0 FEAK
HEGO 1 HI PEAK.
HEGO 1 AMPLITUDE

TRIM SETTINGS
START POSITION

DEFAULT RATE
MANUAL POSITION
DEFAULT POSITION
MANUAL MODE RATE

AFR SETTINGS
LOAD BREAKPOINT

LOAD HYSTERESIS

BREAKPOINT DELAY
FEED-FORWARD
FILTER

e
5]

o

Al dap e e A

47.00

460

463

A O @ @ O

Ap| 4 4 4

i

i

i

%is

%z

sefm

sefm

s8C

s8C

10-tAP &
THR 1 FTV 1 [ I0-HEGD 1 l [ 10-HEGO 3 l [ MAT l

POST HEGO SIGNAL PROCESSING
USE &G PER CYCLE

[ USE RUNNING AVERAGE
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AFR Health

This page shows catalyst health conditions and system flow information.

PRE-CAT TEMP CAT TEMP RISE POST-CAT TEMP
836 °F 72 F 968 °F
PRE-CAT TEMP PEAK DETECT CAT TEMP RISE PEAK DETECT POST-CAT TEMP PEAK DETECT
HI 836 °F HI 72 F HI 968 °F
Lo 836 F Lo 72 oF Lo 968 °F
RESET PRE-CAT TEMP PEAK RESET CAT TEMP RISE PEAK RESET POST-CAT TEMP PEAK.
DETECT DETECT DETECT

@ HEGO 1 0K, @ HEGO 3 0K,

ENGINE FLOW/ INFO CATDP PRE-CAT PRESS 15-MINUTE AVERAGE POST-HEGD
Qi 42403 scfm 05 inH20d 28 inH20 845 my
VOLUMETRIC BT % CAT DP PEAK DETECT PRE-CAT PRESS PEAK DETECT @ AVERAGE VAL CLEAR BUFFER

HI 05 irH20d HI 28 inH20
E'?EUPEFEDEEJ B4 % 15MIN POST-HEGD EXCURSION
D FERTERT . Lo 05 iH20d Lo 28 inH20 " 845 my
OF RATED 100002

l RESET COP PEAK DETECT | | RESET PRE-CAT PRS PEAK DETECT | HI 845 my
RESET 15MIN EXCURSION PEAK
DETECT
WVIEW VOLUMETRIC
EFFECIENCY

Figure 3-42. AFR Health Page (HMI Screen 1.4)

Misfire Detection

Figure 3-42 shows the HMI screen for Misfire Detection. Global misfire detection
based on instantaneous crank angle velocity (ICAV) measurement has the
capability of detecting persistent misfire of any cylinder. The individual misfiring
cylinder is not identified. The Misfire Detection system monitors the irregularity of
the engine speed, which has a regular pattern corresponding to cylinder
combustion events.

When the engine speed irregularity exceeds the user-calibrated level during the
user calibrated period a fault will be activated.

Deviation from the regular pattern, which generally causes an increase in the
irregularity, can be due to failures in the ignition system like spark plugs, coils,
cables, extenders etc. Also a problem with the A/F ratio control, e.g. when the
mixture is too lean, can cause a Misfire Detection alarm. Furthermore, engine
problems like damaged valves or pistons will increase the level of irregularity.
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FALULT DELAY 05[S 3 sec
ACTIVE FAULT

LEVEL 0550 RPMAsec™2

MISFIRE SETUP
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MISFIRE FILTER
[] EMAELE

OFFLIME FAULT THRESHOLD OMLIME FAULT THRESHOLD
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MISFIRE FAULT LEVEL MISFIRE
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150 K 150 054
200 041 20 116
250 043 250l 146
300 055 300 224

Figure 3-43. Misfire Detection HMI Screen (HMI Screen 5.1)

MISFIRE INDEX PERMISSIVE - The threshold that the MISFIRE INDEX must be
above to enable the Misfire Faults.

ENABLE ALARM - Set this TRUE to enable the Misfire Alarm.

ENABLE SHUTDOWN - Set this TRUE to enable the Misfire Shutdown.

FAULT DELAY ALARM - The delay the misfire condition must stay TRUE before

an

alarm is activated (sec).

FAULT DELAY SHUTDOWN - The delay the misfire condition must stay TRUE
before a shutdown is activated (sec).
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MISFIRE INDEX SELECT - A drop down selection box that allows the Misfire
Fault mapping to be driven by different indices. Allowable values are:
THROTTLE, Qmix, or LOAD INPUT.

MISFIRE ALARM THRESHOLD TABLE - 2 x 5 lookup table Misfire Index () vs.
Alarm Level (RPM/sec”2) allows a non-linear mapping of the fault threshold over
the operating range of the engine.

MISFIRE SD THRESHOLD TABLE - 2 x 5 lookup table Misfire Index () vs.
Shutdown Level (RPM/sec”2) allows a non-linear mapping of the fault threshold
over the operating range of the engine.

MISFIRE FILTER ENABLE - Check this box to enable the Misfire Filter, uncheck
and the filter is bypassed.

MISFIRE FILTER - The Misfire Signal filter value (sec). Increasing this parameter
smoothes the signal but slows response.

MISFIRE FTV HOLD

When a misfire occurs for longer than a tunable delay AND the control is in one
of the closed-loop modes the Fuel Trim Valve is held in place. The FTV resumes
normal control when the MISFIRE condition is false for a tunable amount of time.

MISFIRE FTV HOLD ENABLE - Set this TRUE to enable the FTV HOLD
function.

Knocking combustion or detonation does not produce a significant change in the
irregularity of the engine, and will not be detected by the Misfire Detection
system.

Irregularity and Misfire

Normal Irregularity

Reciprocating engines do not have a continuous combustion, in contrast to
turbines. The speed of the flywheel changes continuously in accordance with
each individual cylinder combustion event. Superimposed on this constant
irregularity is the irregularity between successive combustion events, due to the
stochastic nature of spark ignited engine combustion events.

If the engine has no hardware defects and runs with correct A/F ratio and correct
spark advance, there will be a certain basic speed irregularity as measured at the
flywheel. This basic irregularity is influenced by:

o  Number of cylinders, firing order, firing intervals, and cylinder angle (V-
engine)

Inertia of engine and generator

Stiffness of crankshaft and driveline

Mode of operation (i.e. parallel to the grid, or island).

Combustion stability.

Judicious calibration of the misfire detection system during the commissioning of
the engine is required for reliable detection of real misfire and to avoid false
alarms when there is no misfire.
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Misfire Detection Signals
The Misfire Detection system uses a normal inductive speed pick-up that senses
the flywheel ring gear teeth. The same signal is used for engine speed control.

The speed signal is processed in such way that only irregularity caused by
combustion failures will lead to misfire detection based on the derivative signal.
After filtering and peak detection, the processed signal is used to trigger the
alarm. During engine commissioning, the goal is to calibrate the fault levels and
the fault delays of the Misfire Detection system in such a way that no false
alarms will be generated.

Misfire Detection System Operation

If the Misfire Detection system triggers an alarm in service, it is an indication that
there is more irregularity in the speed of the flywheel than there was when the
misfire detection was calibrated during the commissioning of the system. When
this occurs, it could be due to a problem with the ignition, the A/F ratio or the
engine itself (e.g. valves, pistons, etc).

The user is advised against adjusting the calibration to eliminate the alarm. The

recommended correction is to diagnose the problem and bring the engine back in
its original condition.

HEGO Configuration & Monitoring

The HMI settings for HEGO configuration & monitoring are shown in Figure 3-43
(HEGO 1 shown for example).
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Figure 3-44. HMI Settings for HEGO Configuration & Monitoring (HMI Screen

6.14)
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HEGO 1 INPUT FILTER - The HEGO Signal filter value (sec). Increasing this
parameter smoothes the signal but slows response.

HEGO 1 DIFFERENTIAL DELAY - Calibration value to shift switch times,
typically left at default.

HEGO 1 HEATER MANUAL SD - Check this box to shutdown the heater voltage,
used for troubleshooting and setup.

THERMAL SHOCK DELAY - Time period the heater is shutoff after run (sec).
HEATER WARMUP TIME - Time period the heater is in warm-up mode (sec).

HEGO STABLE DELAY - The time period the heater must be at maximum before
considered stable (sec).

GRACE PERIOD - The time period after which the HEGO sensor should be
considered warmed up and ready to go (sec). Once the GRACE PERIOD is
expired, any HEGO sensor fault will trigger a latched fault.

OPEN CIRCUIT CURRENT LEVEL - The HEGO Heater current read back
threshold level (ADC).

MAX EFFECTIVE VOLTAGE - The HEGO Heater current read back threshold
level (ADC).

Engine & Catalyst Protection

Optional engine protection features can be selected and configured using the
HMI. Selection and configuration of each feature is done on the individual HMI
screens as described in detail below.

A Derate function is provided to allow the engine to keep running at a lower load

even though certain engine parameters exceed normal operating condition. The
control derates based on analog and discrete parameters.

Derate Action

The current Derate level is expressed as percent, 100% representing no Derate
and 0% representing full Derate.

If the control is in mechanical drive mode, the Derate function applies to the
speed reference.

If the control is in Generator mode AND the Load control is active, the Derate
function applies to the Load Reference.

If the control is in Generator mode AND the Load Control is NOT active then the
Derate function has no effect.
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Analog Derate Function

There are nine parameters for each analog derate function:
Select Derate function — This tunable selects the analog protection mode and
has four possibilities:

OFF — Analog Protection disabled

DERATE — Analog Derate, Alarm, and Shutdown

ALARM — Analog Alarm only

ALARM + SD - Analog Alarm and Shutdown only
Alarm Threshold — The level at which the Alarm function initiates.
Alarm Delay — The delay at which a fault will initiate the Alarm function.
Derate Threshold — The level at which the derate function initiates.
Derate Stepsize — The amount that the derate decreases when a derate
condition exists.
Derate Clear Stepsize — The amount that the derate increases when a derate
condition no longer exists.
Derate Looptime — The time that the control waits while in derate Alarm condition
before it decreases the Derate value by the “Derate Stepsize”.
Derate Shutdown Threshold — The Derate level at which the Shutdown function
initiates.
Derate Shutdown Delay — The time that the control waits while exceeding the
Shutdown Threshold before it issues a System Shutdown.

If the Alarm threshold is exceeded for the Alarm Delay time, a fault is latched to
alert the user that a problem occurred.

If the Derate Threshold is exceeded for the Derate Looptime, the individual
derate indicator latches and the function lowers the individual derate value by the
Derate Stepsize and repeats every Derate Looptime until it gets to the Derate
Shutdown Threshold for the Derate Shutdown Delay at which point a system
shutdown is issued.

If the fault is self-corrected and exceeds the alarm threshold, the derate level
rises by the Clear Stepsize back toward 100% and awaits another Derate
Looptime if appropriate.

Derate for an individual derate protection is disabled if the respective sensor is in
a hardware fault state.

Analogs available for derate function:
MAT1
MAT2
ECT
LOP

If Alarm + SD mode is selected then the Shutdown is initiated by exceeding the
Shutdown Threshold for the Shutdown Delay period.

Discrete Derate function

There are seven parameters for each discrete derate function:
Select Derate function — This tunable selects the analog protection mode and
has four possibilities:

OFF - Discrete Protection disabled

DERATE - Discrete Derate, Alarm, and Shutdown

ALARM — Discrete Alarm only

ALARM + SD - Discrete Alarm and Shutdown only
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Alarm Delay — The delay at which a fault will initiate the derate function.

Derate Stepsize — The amount that the derate decreases when a derate Alarm
condition exists.

Derate Clear Stepsize — The amount that the derate increases when a derate
Alarm condition no longer exists.

Derate Looptime — The time that the control waits while in derate Alarm condition
before it decreases the Derate value by the “Derate Stepsize”.

Derate Shutdown Threshold — The Derate level at which the Shutdown function
initiates.

Derate Shutdown Delay — The time that the control waits while in a Shutdown
condition before it issues a System Shutdown.

If the Alarm condition is exceeded for the delay time a fault is latched to alert the
user that a problem occurred.

If the Fault trips for the Derate Looptime, the individual derate indicator latches
and the function lowers the individual derate value by the Derate Stepsize and
repeats every Derate Looptime until it gets to the Derate Shutdown Threshold for
the Derate Shutdown Delay at which point a system shutdown is issued.

If the fault is self-corrected the derate function rises by the Derate Clear Stepsize
back to 100% and awaits another Derate Looptime if appropriate.

Discretes available for derate function:
EOL
ECL

If Alarm + SD mode is selected then the Shutdown is initiated by fault tripping for
the Shutdown Delay period.

All protection derates go into a Low-Signal Select bus (LSS) and the lowest is
used as the global derate (0-100%).

EMGIME COOLAWNT TEMP [ECT] ALARMS
ECT PROTECTIOMN SELECT

@ 4L161 - ECT HI ALARM
@ ~4L162 - ECT HI SHUTDOWMN
@ 4L163 - ECT DERATE ACTIVE

READ-OUT
EMGINE COOLANT TEMP 1646 °F

@ ECT SENSOR FAULT

ALARM
ECT AL&RM THRESHOLD 19518 °F
ECT ALARM DELAY 112l s ==

Figure 3-45a. Example HMI Settings for ALARM Protection (HMI Screen 4.6)
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EMGIME COOLANT TEMP [ECT) &ALARMS
ECT PROTECTION SELECT DERATE w

@ 4L161 - ECT HI ALARM
@ 4L162 - ECT HI SHUTDOWN

@ AL163 - ECT DERATE ACTIVE

READ-OUT
EMGIME COOLANT TEMP 1646 °F
CURREWT ECT DERATE 0o

@ ECT SENSOR FAULT

ALARM
ECT ALARM THRESHOLD 195 &5 °F
ECT ALARM DELSY 1121 s

DERATE /SHUTDOWN
ECT DERATE THRESHOLD NES T
ECT DERATE STEPSIZE (i E= ==
ECT DERATE CLEAR nolalal .
STEPSIZE <“[TTw] ~
ECT DERATE LOOPTIME 112l ==
ECT DERATE SHUTDOWN aglalal .
THRESHOLD ~lw] *
ECT DERATE 5D DEL&Y 11218 =

Figure 3-45b. Example HMI Settings for DERATE Protection (HMI Screen 4.6)
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EMGIME COOLAMNT TEMP [ECT) ALARMS
ECT PROTECTION SELECT ALARM + 50w

@ 4L161 - ECT HI ALARM
@ £L162 - ECT HI SHUTDOWMN
@ 4L163 - ECT DERATE ACTIVE

READ-OUT
EMGIME COOLAMT TEMP 1E4E °F

@ ECT SENSOR FAULT

ALARM
ECT ALARM THRESHOLD 19625 °F
ECT ALARM DELAY ==

SHUTDOWN
ECT SD THRESHOLD 20= 5 °F
ECT SHUTDOWN DEL&Y 112 5 s

Figure 3-45c. Example of ANALOG with ALARM + SD (HMI Screen 4.6)

EMGIME COOLAMNT LEVEL [ECL) ALARMS
ECL PROTECTION SELECT

@ 41495 - ECL LO ALARM
@ ~L436 - ECL LO SHUTDOWN

@ 21457 - ECL LO DERATE

ALARM
ECL ALARM DELAY &5 sec

Figure 3-45d. Example of DISCRETE with ALARM (HMI Screen 4.6)
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EMGINE COOLAMT LEVEL [ECL) ALARMS
ECL PROTECTION SELECT DERATE b

@ 21495 - ECL LO ALARM
@ 2495 - ECL LO SHUTDOWMN

@ 41497 - ECL LO DERATE

READ-OUT
CURRENT ECL DERATE 00
ALARM
ECL ALARM DELAY 118 e
DERATE/SHUTDOWN
ECL DERATE STEPSIZE ===
ECL DERATE CLEAR nolalal .
STEPSIZE “[STw] =
ECL DERATE LOOPTIME 1S sec
ECL DERATE SHUTDOWN [ElA] 5
THRESHOLD i . d
ECL DERATE SHUTDOWN 1Al
DEL&Y Zlw] SEC

Figure 3-45e. Example of DISCRETE with DERATE (HMI Screen 4.6)

Woodward
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EMGINE COOLAMT LEVEL [ECL) ALARMS
ECL PROTECTIOM SELECT ALARKM + 5D

@ 4L435- ECL LO ALARM
@ 41496 - ECL LO SHUTDOWMN

@ 41497 - ECL LO DERATE

ALARM
ECL ALARM DELAY e o sec
SHUTDOWN
ECL SHUTDOWM DELAY ==

Figure 3-45f. Example of DISCRETE with ALARM + SD (HMI Screen 4.6)
ECT Protection
ECT Protection follows the Analog Derate scheme above.

Lube Oil Pressure Engine Protection
Engine Lube Oil Protection follows the Analog Derate scheme above.

MAT1 Engine Protection
MAT 1 Protection follows the Analog Derate scheme above.

MAT2 Engine Protection
MAT 2 Protection follows the Analog Derate scheme above.

Engine Coolant Level Engine Protection
Engine Coolant Level Protection follows the Discrete Derate scheme above.

Engine Oil Level Protection
Engine Oil Level Protection follows the Discrete Derate scheme above.
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Lube Oil Temperature (LOT) Protection

AL 166/167 - LUBE OIL TEMP PROTECTION
[] USE AL 166 LUBE OIL TEMP ALARM
AL 166 LUBE DIL TEMP >
ALARM THRESHOLD
AL 166 LUBE DIL TEMP 20
ALARM DELEY
[] USE AL 167 LUBE OIL TEMP 5D
AL 167 LUBE OIL TEMP 250
5D THRESHOLD

&L 167 LUBE OIL TEMP 10
SO DELAY

°F

db 4l
dp| b

e

F

zec

b
dp| 4»

Figure 3-46. HMI Settings for LOT Engine Protection (HMI Screen 7.6)

The HMI settings for Lube Oil Temperature (LOT) protection are shown in Figure
3-46. This alarm and/or shutdown is only active if a LOT sensor is used and
enabled in the system, and the corresponding checkbox beside “USE AL166
LUBE OIL TEMP ALARM” and/or “USE AL167 LUBE OIL TEMP SD "is checked.
The individual alarms /shutdowns will trigger if the sensed lube oil temperature
reaches the applicable calibrated threshold, and the delay time has expired.

Engine Overpower Protection

The aim of this function is to provide a safe engine shutdown in the event
overpower occurs that cannot be arrested via throttle command signal. The
primary inputs for this function are the mixture throttle TPS and status signals. If
these signals are not present or is invalid this function will use secondary data.

This function is enabled by placing a check in the box beside “ENABLE AL442
UNCONTROLLED OVERPOWER PROTECTION” (see Figure 3-47).

S0 442 - UNCOMTROLLED OVERPOWER PROTECTION
n EMABLE SO 442 UNCOMTROLLED OWERFPOWER

PROTECTION
5D 442 POWER SELECT Omix w
5D 442 POWER THRESHOLD /LSS
5D 442 DELAY 0[S 5 sec

Figure 3-47. Enable Setting for Engine Overpower Protection (HMI Screen 7.7)
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The overpower logic provides for engine shutdown when the power exceeds the
reference value plus an offset due to a malfunctioning throttle that is indicated by
a TPS error, when a valid TPS signal is present (note that if the throttle is
functioning correctly —i.e. the TPS signal is valid and is following the
commanded position — the system should be able to bring the power (MAP)
under control by closing the throttle, so no action is taken by this function
until/unless throttle is already being commanded to 0). But if TPS
alarm/shutdown logic is disabled (e.g. because TPS signal not implemented) or if
there is any TPS malfunction (Voltage Hi/Lo or TPS error) then shutdown will
occur as soon as throttle position command goes to zero.

Note that this function will be pre-empted by a TPS triggered shutdown if any of
the configurable TPS alarm/shutdowns are configured for shutdown and are
active. There are no user adjustable settings for this function.

For more information see AL442 (Uncontrolled overpower) — Shutdown only in
Chapter 5.

Catalyst Temperature Monitoring & Protection
Signal Configuration

The HMI settings for catalyst temperature signal configuration are shown in
Figure 3-48.

CONFIG PRE-CAT TEMPERATURE SENSOR RTD v PRES‘&EJSMP
PRE-CAT RESISTIVE TEMPERATURE LIMITED
R SCALED ['F
PRE-CAT SELECT AN191K PU "L i1
0.833 12
() PRE-CAT TEMP OK. 1.031 176
1.21 320
PRE-CAT TEMP MIN LIMIT 0.25[=l4 v
1.374 454
PRE-CAT TEMP M& LIMIT 512 %] voo 1,625 F0G
— 1.663 752
PRE-CAT TEMP INFUT FILTER 052t sec 1791 a5
PRE-CAT TEMP Rasw INFUT 201 vDC 1.308 1040
2019 1184
PRE-CAT TEMP UNFILTERED 1706 °F 2121 1328
PRE-CAT TEMP FILTERED 11665 *F
COMFIG POST-CAT TEMPERATURE SENSOR EXTERMAL THERMOCOUPLE &
TC NODE STATUS
@ FOST-CAT CHAMNEL FAULT
@ EXTERNAL THERMOCOUFLE NODE WATCHDOG FAULT
EXTERNAL TC PGN B5167 [ S 2
EXTERNAL TC NODE ID 25l
AL1349 EXTERMAL TC TIMEOUT DELAY 10000212 s

Figure 3-48. Catalyst Temperature Signal Configuration Settings (HMI Screen
6.12)
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To enable the pre-cat or post-cat sensor inputs select one of the options in the
corresponding drop down box, other than “NONE”. If a resistive type sensor
(thermistor) is chosen (as shown for pre-cat in Figure 3-48 for example), the table
shown on the right will appear on the screen. In this table the voltage to
temperature scaling table is adjusted by the user. The input is designed to work
with 0 to 5 Volt signals and requires a resistor type sensor connected to ground.
Note that the sensor works as a resistor in a voltage dividing circuit inside the
PCM128-HD. The correct voltage as a function of temperature can be calculated
with the following formula:

(VOltage_at_ EGS _input — ___Rthermistor *5\/)

Rthermistor +2210

The calibration for a standard 200 () Pt RTD is given in the table below and
shown graphically in Figure 3-49).

Ohms Temp °C Voltage at E3 Input
200.00 | 32 0.833
259.66 | 176 1.031
319.33 | 320 1.21
378.99 | 464 1.374
438.66 | 608 1.525
498.32 | 752 1.663
557.98 | 896 1.791
617.65 | 1040 1.909
677.31 | 1184 2.019
736.98 | 1328 2.121

Table 3-4. Catalyst Temperature Signal Configuration Settings (HMI Screen
6.12)

High Temp RTD 200 ohm Pt

1200
1000

800 /
600

400 /
200 ‘/
/

l\?TC volta1g'g

Temperature [C]

0 0.5 2 2.5

Figure 3-49. Catalyst RTD Voltage vs Temperature (°F)

If a sensor with a different scaling is used, the scaling table (see Figure 3-49)
should be adjusted accordingly.
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The alarm thresholds are adjusted in the fields on the left. The default value for
low alarm threshold is 0.25 V and for the high alarm threshold is 5.1 V.

A filter time constant (“PRE-CAT TEMP INPUT FILTER”) can be entered to filter
noise from the input signal.

The above functionality also applies to the post-cat sensor if a resistive type is
used.

If the external SAE J1939 thermocouple option is chosen , the communication
parameters will appear (as shown for post-cat in Figure 3-48 for example). These
parameters should be configured in accordance with those of the external
thermocouple module. This functionality also applies to the pre-cat temperature if
an external thermocouple module is used for pre-cat temperature. The PGN is
tunable though Toolkit but the SPN structure is Fixed. The control only supports
a 16-bit SPN located in bytes 1-2 for TC channel 1 for Pre-Catalyst
Thermocouple as defined in EPT1 - SPN 1137. The control only supports a 16-bit
SPN located in bytes 3-4 for TC channel 2 for Post-Catalyst Thermocouple as
defined in EPT1 - SPN 1138.

Alarm & Shutdown Setup

The HMI settings for pre-catalyst and post-catalyst temperature alarm and
shutdown logic are shown in Figure 3-50. The individual alarms/shutdowns are
only active if the corresponding sensor is used and enabled in the system, and
the applicable box next to the individual sensor is checked. The individual alarms
/shutdowns will trigger if the corresponding sensed value reaches the applicable
calibrated threshold, and the delay time has expired.

AL 447/445 - PRE-CAT PRESSURE HI AL 451/452/470/475 - PRE-CAT TEMP HIALD
[] EMABLE AL 447 PRE-CAT PRESSURE HI ALARM ENABLE AL 451 PRE-CAT TEMP HI ALARM
AL 447 HI ALARM Zla] AL 451 HI ALARM Alal .
THRESHOLD 12l inH20d THRESHOLD 12T F
AL 447 HI ALARM DELA&Y 1FetS sec AL 4512470 ALARM DELAY 10/E1E sec
[[] EMABLE 5D 448 PRE-CAT PRESSURE HI 5D EMABLE AL 470 PRE-CAT TEMP LO ALARM
5D 445 HI 5D Ela] AL 47010 ALARM Al
THRESHOLD B[S i¥] inH20d THRESHOLD B0fSTS] F
5D 448 HI 5D DELAY &S sec ENABLE AL 452 PRE-CAT TEMF HI 5D

AL 443/450 - POST-CAT PRESSURE HI 5D 452 HI 5D THRESHOLD 1300f& 4 F
[] EMABLE AL 443 POST-CAT PRESSURE HI ALARM S 4524475 50 DELAY ] S N .
AL 449 HI ALARM A&
THRESHOLD 2[5 inH20d (] EMABLE 5D 475 PRE-CAT TEMFLO 5D
AL 443HI ALARM DELAY TS s=c 50 47510 50 THRESHOLD 0015 F
[] EMABLE 50 450 POST-CAT PRESSURE HI SD AL 4707475 RUN TIME 12002l A

ENABLE DELAY Zlw

S 818 i
5D 450 HI 5D DEL&Y 11214 sec

Figure 3-50a. Catalyst Temperature Alarm & Shutdown Settings (HMI Screen
7.8)
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&l 453,454 - POST-CAT TEMP HI
EMABLE &L 453 POST-CAT TEMP HI ALARM
&L 453 HI ALARM

= -
THRESHOLD 1200515 °F
AL 453 HI ALARM DELAY 1A seo
ENABLE 5D 454 POST-CAT TEMP HI SD
5D 454 HI 5D THRESHOLD 1300 &S F
5D 454 HI SD DELAY 1022 sec

Figure 3-50b. Catalyst Temperature Alarm & Shutdown Settings (HMI Screen
7.8)
Catalyst Pressure Monitoring & Protection
Signal Configuration

The HMI settings for catalyst pressure signal configuration are shown in Figures
2-59(a), (b) & (c).

CONFIG CAT PRESSLURE
DF SEMSOR OMLY ~

CAT DIFFEREMTIAL PRESSURE [AM7)

COF SCALIMG

@ COP oK
LIMITED SCALED

COP SELECT ANO7 51K PD  » R ) [inH20d)
COP MIM LIMIT 0.1 =S vDC 0.66 0

45745 140,51
COP Max LIMIT 49184 vDC
COF INPUT FILTER 0.01 P8 sec
COF Raw INFUT 0.00 YDC
COF UMFILTERED 00 inH20d
COF FILTERED 00 inH20d

Figure 3-51a. Catalyst Pressure Monitoring & Protection Settings (DP Option,
HMI Screen 6.13)

To enable catalyst pressure monitoring select one of the options in the drop
down box under “CONFIG CAT PRESSURE”, other than “NONE”. Then select
the desired input channel(s) in the applicable drop down box(es) for CDP, PRE-,
POST- and/or CDP w/AMB. In the table(s) on the right the input voltage versus
the sensor scaling is configured. Also a filter time constant can be entered to filter
noise from the input signal.
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The alarm thresholds are adjusted in the fields on the left. The default value for
low voltage alarm threshold is 0.25 V and for the high voltage alarm threshold is
4.75 V. If the sensor voltage is out of range, this will result in an alarm or engine

shutdown, depending on configuration (see Alarm/Shutdown Configuration in
Chapter 4).

COMFIG CAT PRESSURE
PRE PRS - POST PRS w

PIREEAT PREELURE PRE-CAT PRESSURE

@ PRECAT PRS OK SCALING
LIMITED SCALED

PRE-CAT FRS SELECT AMO7B11K PO w Résw [] [inH20d)

PRE-CAT PRS MIN LIMIT 0.1 F&+& vDC 0.66 o

45745 140,51

PRE-CAT PRS Max LIMIT 1918 vDC

PRE-CAT PRS INPUT FILTER 0.01 214 s

PRE-CAT PRS R INPUT 0.00 YOC

PRE-CAT PRS UMFILTERED 0.0 inH20

PRE-CAT PRS FILTERED 0.0 inH20

POST-CAT PRESSURE FOST-CAT
@ POST-CAT PRS OK PRESSURE SCALING
_ LIMITED SCALED

Devicel. POCP.EMUM_ AN O3 220K PD  w R[] finH20)

POST-CAT PRS MIN LIMIT 01212 voc ‘ D'Eﬂ ‘

POST-CAT PRS M&X LIMIT PR e Y s

POST-CAT PRS INPUT FILTER 0.01 2% sec

POST-CAT PRS Raw INPUT 0.00 YDC

POST-CAT PRS UMFILTERED 0.0 inH20

POST-CAT PRS FILTERED 0.0 inH20

Figure 3-51b. Catalyst Pressure Monitoring & Protection Settings (PRE PRS —
POST PRS Option, HMI Screen 6.13)
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COMFIG CAT PRESSURE
DPSENSOR & AMB FRS  »

CAT DIFFEREMTIAL PRESSURE

CDP SCALING
@ coF oK
LMITED  SCALED
PRE-CAT PRS SELECT SN OTSIIKFD v RA&W ()  (nH20d)
CDP MIN LIMIT RIS [ L
46745 14051
CDP M&X LIMIT eIt
CDP INPUT FILTER 0m [212] sec
COP Réw INPUT 0.00 vOC
COF UNFILTERED 0.0 inH20d
CDF FILTERED 0.0 inH20d
AMBIENT AIR PRESSURE AMBIENT AIR
@ 4B A1F PR (K PRESSURE SCALING
LMITED  SCALED
AMB &IR PRS SELECT SN O3Z20KFD v R (V) (inH20)
AME AIR PRS MIN LIMIT 01[2la voc ‘ ”'Bﬂ‘
AMB AIR PRS M LIMIT IR e
AME AIR PRS INPUT FILTER 0.01 [ 512 sec
AME AIR PRS Rl INFUT 0.00 VOC
AME AIR PRS UNFILTERED 0.0 psia
AMB AIR PRS FILTERED 0.0 psia

Figure 3-51c. Catalyst Pressure Monitoring & Protection Settings (DP SENSOR
& AMB PRS Option, HMI Screen 6.13)

The HMI settings for pre-catalyst and post-catalyst temperature alarm and
shutdown logic are shown in Figure 3-51. The individual alarms/shutdowns are
only active if the corresponding sensor is used and enabled in the system, and
the applicable box next to the individual sensor is checked. The individual alarms
will trigger if the corresponding sensed value reaches the applicable calibrated
threshold, and the delay time has expired.
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AL 443/444/445/446 - CAT DIFF FRESS HIALO

[]EMABLE AL 443 CAT DIFF PRESS HI ALARM

[]EMABLE AL 445 CAT DIFF PRESS LO ALARM

&L 4437445 ALARM DELAY
[]EMABLE SO 444 CAT DIFF PRESS HI 50

[]EMABLE SDr 446 CAT DIFF PRESS LO 5D

&L 444446 SO DELAY

AL 443 CDP HI ALARM

THRESHOLD
CDP
Cmiw [2cfm) [inHZ0d]

a0 B.83
110 7.4
200 2.84
250 985
200 11.86

AL 445 COP LO ALARKM
THRESHOLD
COP
an @ & sec [z [zcfm) [inH204d)
a0 1.2
110 1.3
200 1.41
250 1.51
12013 sec 300 1.71
S50 444 COP HI 5D S50 446 COP LO 5D
THRESHOLD THRESHOLD
COP COP
Cmix [zcfm) [inH20d] Crmix [zcfm) [inHZ0d]
a0 204 a0 na
110 9.04 110 04
200 10.05 200 1
250 11.05 280 1.11
200 1306 200 1.3

Figure 3-52. Catalyst Pressure Alarm & Shutdown Settings (HMI Screen 7.8)
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Air/Fuel Ratio & HEGO Diagnostics

&L 82 - CLOSED-LOOP ERROR
EMAELE AL 82 CLOSED-LOOF ERROR

[]ALS825HUTDOWN SELECT

AL 82 DELAY 1] T3 E=

v

&L 83 - POST-HEGOD 15 MIM AYG EXCURSION
[ | EMABLE AL 893 LAMEDA 15 MIN AYG EXCURSION

[ 1AL 83 SHUTDOWM SELECT

&L 83 DELAY 300 S0

i 4k
4 )

AL 83 FALULT WINDOW 100 i

&L 34 - UNREQUESTED OFEM-LOOF
[]AL S84 SHUTDOWM SELECT

&L 85 - PRE-CAT BACKUP MODE ACTIVATED
[]AL85SHUTDOWM SELECT

&L 86/87 - PRE-CAT TRIM LIMIT
[]AL86/4L 87 SHUTDOWM SELECT

AL 86481 87 DELAY 5l & sec

Figure 3-53. Air/Fuel Ratio Alarm & Shutdown Settings AL 81 — AL 84 (HMI
Screen 7.5)

AL BB8/83 - POST-CAT TRIM LIMIT
[] AL 88741 83 SHUTDOWM SELECT

AL BE/AL £ ™~
DEL&Y IS S s

Figure 3-54. Air/Fuel Ratio Alarm & Shutdown Settings AL 88 & AL 89 (HMI
Screen 7.5)
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&L 4554456 - HEGO HEATER 1 CURREMT HI
EMAEBLE &L 455 HEGO HEATER 1 CURREMT HI ALARKM

EMAELE 50 456 HEGO HEATER 1 CURREMT HI 5D

&1 457/458 - HEGO HEATER 2 CURREMT HI
EMAELE &L 457 HEGO HEATER 3 CURREMT HI ALARM

EMAELE 50 458 HEGO HEATER 3 CURREMT HI 5D

&l 455/456/457 /458 - HEGO HEATER CURREMT HI COMMOM

AL 455/457 ALARM Ala
THRESHOLD 1[S1+] ARC
AL 455/457 ALARM DELAY 2[ET2] sec
5D 456/458 50 THRESHOLD sf2f] soc
SD 4567458 5D DELAY 0222 sec

Figure 3-55. HEGO Heater Alarm & Shutdown Settings AL 455 — AL 458 (HMI
Screen 7.8)

&1 550 -HEGO 1 wOLT LO
EMAELE AL BROHEGO 1%OLT LO

[] &L 550 SHUTDOWM SELECT

&L 550/565 HEGO 182 LO THRESHOLD Sl s my
AL 550 DELAY Bl e s
AL 555 - HEGO 1 OLT HI

EMABLE AL 555 HEGO 1%OLT HI

[] 4L 555 SHUTDOWMN SELECT

4L 555/570 HEGO 162 HI THRESHOLD 1050 &5 mv
AL 555 DEL&Y Sl s o
AL 560 - HEGD 1 SENSOR FAILED

EMABLE AL 560 HEGO 1 SEMSOR FAILED

[] &L 560 SHUTDOWM SELECT

%SE%’EJEHEGDWEF&ULT LO TSy
%SE%EJEHEGDWEFAULT HI so0| LAl
AL B0 DELAY 0S5 sec

Figure 3-56a. HEGO Alarm & Shutdown Settings AL 550 — AL 560 (HMI Screen
7.10)
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AL BE1 - HEGO 1 HEATER OPEM CIRCLIT
EMABLE AL 561 HEGO 1 HEATER OPEM CIRCUIT

AL 561/576 HEATER 1/3 =T
CURRENT LO THRESHOLD LSS ADC
AL 561 DELAY ] Y

AL 561 HEGD 1/2 HTR FALILT CAUSES SENSOR FAILURE

AL 665 - HEGD 2%0LT LO
EMABLE AL 565 HEGO 2%OLT LO

[] AL 565 SHUTDOWN SELECT

Al 550/565 HEGD 1&2 LO 5
THRESHOLD

Al 565 DELAY 2

i

<At
4

ALG70-HEGOD 2Y0OLT HI
EMABLE AL 70 HEGD 2Y0OLT HI

[] AL 570 SHUTDOWN SELECT

AL 555/570 HEGO 152 HI 1050
THRESHOLD

1

i

b [l

AL G670 DELAY 2

4
@
il
o

AL G675 -HEGD 2 SEMSOR FAILED
EMABLE AL 575 HEGO 2 SENSOR FAILED

[] AL 575 SHUTDOWN SELECT

AL B60/575 HEGD 1&2 FALLT LO 440
WwNDOW

AL 560/575 HEGD 162 FALLT HI 430
WwNDOW

AL 675 DELAY 10

i

i

<Al Al
4 4 O

AL B76 - HEGO 3HEATER OPEM CIRCLIT
ENABLE AL 576 HEGO 3 HEATER OPEN CIRCLIT

AL B61/576 HEATER 1/3 CURRENT LO 0.0l
THRESHOLD -

AL G76 DELAY 5

ADC

<At <
4 4

AL BFEHEGD 3HTR FLT CAUSES SENSOR FAILURE

HEGO 1 & 2 SENSOR COMMOMN
HEGO GOOD DELAY 10

Q| [P
4 4

HEGO BAD DELAY 10

AL 530 -HEGD 3VOLT LO
EWNABLE AL 580 HEGD 3%OLT LO

[] AL 520 SHUTDOWMN SELECT

AL B30 HEGO 3 L0 THRESHOLD 15 i

([l
4 )

AL 530 DELAY 2

AL 685 -HEGO 3VOLT HI

EWABLE AL 585 HEGO 3YOLT HI
[[] AL 585 SHUTDOWN SELECT
AL 635 HEGO 3 HI THRESHOLD 1050 i

Al 585 DELAY 2

([l
4 )

Figure 3-56b. HEGO Alarm & Shutdown Settings AL 561 — AL 585 (HMI Screen
7.11)

&L 590 - HEGO 2 SEMSOR FAILED

EMABELE &L 530 HEGO 3 SEMSOR FAILED

[] AL 530 SHUTDOWM SELECT
&L 530 DELAY

HEGO 3 FAULT LO sw/IMD O
HEGO 3 FAULT HI Wik DOWw
HEGO 3 GAOD DEL&Y

HEGO 3 BaD DELAY

HEGO SENSOR COMMOM
GRACE PERIOD

112 5 ==
839 = 5 m
851 = e
10025 sec
20 @ : TeC
720 @ 5 SEC

Figure 3-56¢. HEGO Alarm & Shutdown Settings AL 590 (HMI Screen 7.11)
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Ignition Control (1C-920/922)

Figure 3-57 shows the HMI user selections for ignition options.

The options are “IC-92X WITH J1939” (IC-920 or IC-922) or “3rd PARTY
IGNITION?. Installation/application information for 1C-920/922, installation and
operation information is in the 1C-920/-922 Installation and Operation Manual,
publication 26263.

AP AT FULL LOAD fe S psia
IGMITION Id PARTY IGHITION  »
IC-924 4ITH J1939
ENGIME INFO 3rd PARTY IGHITION

EMGIME MAKE WOODWARD

Figure 3-57. HMI Settings for Ignition Options (HMI Screen 7.0)

Figure 3-58 shows the HMI user settings for IC-92X J1939 address and coil
energy.

J1933 IGHITION

IC-92x ADDRESS 52 @ =
IC-92x EVEM BANE ENERGY 100 @ &1 %
IC-92x 00D BANE EMERGY 100 @ &1 %

Figure 3-58. HMI Settings for IC-92X J1939 Address and Coil Energy (HMI
Screen 7.0)

The 1C-92X J1939 address should be set to match the setting in the 1C-920/922
ignition. Even bank and odd bank coil energy settings can be adjusted
individually. For further information on these settings, please consult the 1C-920/-
922 Installation and Operation Manual, publication 26263.

Figure 3-59 shows the HMI user settings for ignition timing.
For all timing values: a positive value indicates spark timing in degrees advanced
or BTDC; a negative value indicates degrees retarded or ATDC.

The spark timing determination is as follows:

Spark Timing (“Ignition Advance Total” in the control) =
Global Advance + Base Advance from Table + Coolant Temp Advance

Following is a description of these and other parameters used in the ignition
subsystem.

Global Advance

This is the user adjustable offset for global timing, shown in Figure 3-59.
Typically this value is kept at zero except for special purposes during engine
development or commissioning (for example when adjusting TDC OFFSET, see
below).
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Base Advance from Table

This is from the table for adjustment of the timing as a function of speed and

load, shown in Figure 3-59.

Coolant Temp Advance

This is from the table for adjustment the timing as a function of engine coolant
temperature, shown in Figure 3-59.

Global Timing (Total Timing to 1C-920/922)
As defined above, Global Timing = Global Advance + Advance Base Curve +

Advance ECT Curve Bias.

Minimum Advance Limit

This is the user adjusted minimum advance limit of the Global Timing (can be
negative as shown in Figure 3-59).

LOAD [ZRaP)

I EI.EII 10.0 200 0.0 40.0 R0.0 E0.0 70.0 20.0 900 1100
I} 23.0 23.0 230 23.0 23.0 23.0 230 23.0 23.0 230 230
150 23.0 230 230 23.0 23.0 23.0 230 23.0 23.0 230 230
300 22.0 220 220 22.0 22.0 22.0 220 22.0 220 220 22.0
450 220 220 220 220 220 220 220 220 220 220 220
GO0 220 220 220 220 220 220 220 220 220 220 220
— 900 220 220 220 220 220 220 220 220 220 220 220
=
% 1200 23.0 230 230 23.0 23.0 23.0 230 23.0 23.0 230 230
= 1500 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0 24.0
L
! 1650 25.0 25.0 280 28.0 28.0 25.0 280 25.0 25.0 280 28.0
- 1700 24.0 24.0 24.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0 26.0
1780 260 260 26.0 26.0 2B.0 260 26.0 2B8.0 260 260 260
1800 26.0 260 26.0 26.0 2E.0 260 26.0 2B8.0 260 260 2B.0
1850 26.0 26.0 26.0 26.0 Z6.0 26.0 26.0 26.0 26.0 260 26.0
15950 26.0 Z26.0 26.0 26.0 Z6.0 Z26.0 26.0 26.0 Z26.0 260 26.0
2100 28.0 28.0 280 28.0 28.0 28.0 28.0 28.0 28.0 26.0 26.0
IGHITOM ADNAMCE [FBTDC]
TOTAL TIMIMG
GLOBAL TIMIMG 230 “BTDC AnaMCED
%EEE***DW*NEE FROM 23.0 “BTDC ECT ADWANCE TABLE
COOLAMT DEG ADWANCE
COOLAMNT TEMP ADVANCE 00 “BTDC TEMP [*F] [FADY)
I} 1]
GLOBAL ADWAMCE ] @ : O 3 0
MIMIE UK ADWVANCE LIMIT -10 @ : ‘BTDC 120 0
175 1]
M AU ADVAMCE LIMIT il @ : ‘BTDC 2501 0
Figure 3-59. HMI Settings for Ignition Timing (HMI Screen 2.2)
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OFFSETS” is checked. The resultant total timing for each cylinder is displayed in

In Figure 3-60 the user settings for individual cylinder ignition timing offsets are
the corresponding fields.

shown. The individual cylinder offsets are adjusted by the user, but do not
become active unless the box beside “ACTIVATE INDIVIDUAL CYLINDER

This is the user adjusted maximum advance limit of the Global Timing.

E3 Stoichiometric Control System

Maximum Advance Limit

308, 01 J018. o 9. HIANTAD

308, 01 J018. o 5. HIANTAD

308, 01 J018. o F. HIANTAD

Ja.8. uu J0l8. el £ HAUN 1A

308, 01 Ja18. o Z. HIANAD

308, 01 J018. o L. HIANMAD

5135440 HIANAD Tor AN 3LvalLdy [ 10.8. 00 JaLe. (S L LU

Jd.8. 00 J018. =10 b HAUN 1A

1A 00 qa18. 2420 ¥Z H3aMMAD a0 A oo qaiq. 2400 & H3aNMAD
J018. 010 JaLe. e £2 HIANIMAD 30_8. 00 2018, 4 =0 £ HIANNAD
J018. 010 Jal8. &0 Z2 HAaNNAD 308, 00 J018. o 9 HIANMAD
J018. 010 JaLs. o 1Z HIANNAD 308, 00 Ja18. o § HIANTAD
24d18. 00 3018, HgH&Ho 0¢ H3aNAAD 2d.8. 00 3018. HHSHco t H3IANTD
3018, 00 JaL8. o &L H3ANMAD 30.8. 00 Jql8. o £ HIANMAD
3018, 00 JaL8. o 81 H3ANMAD 30.8. 00 Jql8. o Z H3ANMAD
3018, 00 JaL8. o L1 H3ANAAD 30.8. 00 Jq18. o - HIANNAD

ONIWIL T7_01 5135440 DHIKWIL TN BNIWIL 7101 5135440 BNIWI TN

Woodward

Figure 3-60. HMI Settings for Individual Cylinder Offset (HMI Screen 2.3)
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easYgen 3100/3200 Power Management Interface

eazrgen CAMN WRITE SETUR
[] USE eas¥gen OVER CAM

[] ENABLE AL 1451 - eastgen STOP COMMAND

MOMNITOR eas'gen CAN VALLES
@ 5PN 970 - ENGINE ALK SHUTDOWHN

@ 5PN 3545 - GEMERATOR CIRCUIT BREAKER STATUS

@ 5PN 3546 - UTILITY CIRCUIT BREAKER STATUS

SPN2452 - GEMERATOR TOTAL REAL POVER 0w ENGIME BATED POWER
GEMERATOR POWER 0.0 ki 120 @ =
DESIRED POWER 00 ki

DROOF MODE ISOCHRONOUS

eazv'gen CAN SPEED SETPOINT

5PN 189 - ENGINE RATED SPEED W S| e pes s EsE
SPN 3938 - GENERATOR GOVERNING SPEED BIAS 0.000 % B0 S5 RPM
SPEED REFERENCE 1002688 RPM

earrgen CAM ALARM/SHUTDOWN
@ £L1450 - EXTERMAL CAN COMM TIMEOUT

@ AL1451 - EXTERNAL CAN SHUTDOWM COMMAND

REEOOT TO UPDATE WALLE
eagr'gen CaN ADDRESS USED 0

easrgen CaM ADDRESS 234 @ =

Figure 3-61. easYgen 3100/3200 HMI settings (HMI Screen 6.1)

Figure 3-61 shows the HMI user settings for enabling and configuring the
easYgen 3100/3200 interface.

The E3 Stoichiometric Control system can be configured to receive speed or load
control signals from the easYgen 3100/3200 Power Management module. The
easYgen 3100/3200 is connected to the external (plant) J1939 communication
bus to integrate it with the E3 System. Complete information on installation,
configuration, and operation of the easYgen 3100/3200 can be found in
documents 37223, 37224 and 37225.
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System Setup
SYS INFO

Figure 3-62 shows the HMI display screen for system information.

SOFTWARE INFO
SYSTEM NAME E3STOICH FULL

CURRENT ENGINE RUN
REWISION 00 Hous

SOFTWARE PART # 5418-4068 NEW PRESET ENGIME RUN HOURS

EMGINE INFO 0}&1% Hous
ENGINE MAKE WODDWARD

PRESET ENGINE HOURS

ENGINE MODEL GAS MEMDRY FAULTS
@ EE FRIMARY NV L0
ENGINE LICENSE FORT COLLING @ “LarM
ENGINE SERIAL NUMEER 20110401 @ EE SECONDARY NUM -
WRITES

ENGINE YEAR: 2011 @ rLasH

CONTROL STATUS @Fram
LAST RESET CALSE Mo reset info available MEMDRY STATUS
TOTAL CPU LOAD 480 % @ 54ING TO EEPROM
CHASSIS TYPE Low Volume R SVAILABLE 443288 Byles
CHASSIS CAPARILITY Calibrated madhle AL AYAILABLE 59636 Bytes
PCM YERSION 13m4 EEFROM AVAILABLE 20832 Bytes
BOOT VERSION 3013 FLASH Ayl LABLE 1728 Bytes
MODEL NUMEER - PCM128L702 CALIBRATION CHECKSUM 1593937219
@ TEMF ALARM FLASH CHECKSUM 1946168430

INPUT POWER STATUS Al POWER SUPPLIES
DRYP POWER INFUT 243 v @ FDWER TRANSDLUCER POWER SUPPLY & +5 5024 VDO
KEY VOLTAGE +BATT 242 WOC @ ke ON TRANSDUCER POWER SUPFLY B +5 5015 VDC

Figure 3-62. SYS INFO (HMI Screen 5.0)

The SYS INFO screen displays status information about the system. The only
user configurable item is “PRESET ENGINE HOURS?” in the upper right. To
preset the engine hours, type the desired value in the box “PRESET VALUE” and
click the button “PRESET ENGINE HOURS".
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System Configuration

CONFIG FAULT RESET 11939 easvgen
[ USE MECHANICAL DRIVE LOGIC [ ALLOW FALILT RESET T0O CLEAR FAULT LOG [ USE easgen 1333 COMMS
[ USE E3INTERNAL BASE LOAD CONTROL [ ALLOW FAULT LOG RESET TIISSUE FALILT RESET ISOICH MIODE WHEN COMM FAIL
USE BANK BALSNCING EE 54VE OPTIONS eas'gen J1939 ADDRESS 24|21 e
[ USE STERED MODE [ SAVE CAT-TEMP HI T0 N¥ MEMOR'Y ON ENGINE STOP SHEED) EE SEALLTE ey
ETSEQEAEEEMENT 128 S in3 J1333 CANLINK ENGINE RATED POWER 120/ S8 kw
MAP AT FULL LOAD 0[S 3 peis ESLAN ADDRESS iSte SERVLINK PORT SETTINGS
BT TR — EXTERNAL TCPGN BT ISIS SERVLINK BAUD RATE 115200 BAUD %
ENGINE INFD EXTERNAL TC NODE 1D ErEmE —— o[alE
ENGINE MAKE  [wOODWARD THEGUT DERF | 10000} 524 ms | wapeus FoRT sETTINGS
ENGINEMODEL  [G4S [ ACTIVATE PLANT COMMS MODELIS BAUD RATE 1152008AUD
ENGINE LICENSE FORT COLLING 1333 IGMITION MODEUS MODE RTUMODE +
ENGINE SERIAL NUMBER 201104m BB RICTS MODEUS BITS BEITS
ENGINE YEAR el (EBE B R E BRI 0[S % MODEUS PARITY NOPARITY  w
OFENLOOP FAULT IC-52¢ ODD BANK ENERGY 0SS % MODBUS 5TOP BITS 1STOPBIT v
MISFIRE TO OPENLOOP MIL SETTINGS RS TIE GG TOETA] e
ol 2 (RS EOIOE R L MODBUS INITIAL TIME DUT B[ 214 sec
[ ML FLASH MODE MIODELIS SLAVE ADDRESS I=s

Figure 3-63. Basic System Configuration (HMI Screen 7.0)

Figure 3-63 shows the HMI user settings for basic system configuration on the
CONFIG SYS screen.

The basic system configuration options are:

USE MECHANICAL DRIVE LOGIC — When the system will be used in generator
applications this box must be unchecked. When running the system in

pump/compressor (variable speed mechanical drive) applications this box must
be checked.

USE E3 INTERNAL BASE LOAD CONTROL — When the system will be used

for generator application parallel to the grid with no external load control this box
must be checked.

USE BANK BALANCING — On dual bank applications with two mixture throttles
this box can be checked to enable MAP balancing between the two banks.

USE STEREO MODE — On dual bank applications with two trim valves and two

pre-cat HEGO sensors this box should be checked to enable stereo closed loop
air/fuel ratio control.

ENGINE DISPLACEMENT — The correct engine displacement should be entered
as this is used for calculation air and fuel flow.

MAP AT FULL LOAD - The expected MAP at full load should be entered as this
is used for scaling of ignition and fuel lookup tables.

IGNITION - This selects which ignition option will be used. “IC-92x WITH J1939”
or “3rd PARTY IGNITION (i.e. standalone ignition not connected to or controlled
by E3 system).
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ENGINE INFO - If desired by the user, information can be entered in the
ENGINE INFO fields. The information in these fields is for reference only and
does not affect system operation.

FAULT RESET — These options allow selection of the method for clearing faults
that are no longer active. Checking both, either or neither of the boxes are all
valid selections.

EE SAVE OPTIONS — These options allow auto-saving configuration data and
the peak catalyst temperature during the current start-stop cycle to EEPROM on
engine stop.

J1939 CANLINK — When the system will use SAE J1939 for IC-92x ignition or
Plant Communications these fields must be correctly configured. Check the box
“‘ACTIVATE PLANT COMMUNICATIONS?” to allow transmission of operating
data and diagnostic messages on the J1939 CAN bus.

J1939 IGNITION — When the system will use SAE J1939 for IC-92x ignition
these fields must be correctly configured.

J1939 easYgen — When the system will use an easYgen 3000 with J1939 to
receive generator information (measured load, generator and utility breaker, load
reference, etc.) the box “USE easYgen J1939 COMMS” must be checked (and
the other fields must be correctly configured). When the E3 controller receives
this information via hard wired inputs, this box must be unchecked.

SERVLINK PORT SETTINGS — These fields allow configuration of Servlink port
settings that are used for Woodward Toolkit and other Woodward applications
that can communicate with the E3 control.

MODBUS PORT SETTINGS — These fields allow configuration of Modbus port
settings for transmission of operating data and diagnostic messages on the
Modbus network.

Discrete I/O Setup
Figure 3-64 shows the HMI user settings for Discrete Input setup.

In the drop-down boxes underneath “DISCRETE INPUT CONFIGURATION” the
functionality of the individual inputs can be configured. Depending on the input
being configured, choices may include “ALWAYS OFF”, “ALWAYS ON”, any of
the physical inputs listed under “DISCRETE IN”, specific MODBUS messages,
and specific J1839 CAN messages (e.g. “IC-92X CAN”). The behavior of the
physical inputs can be changed from active closed to active open by checking
the corresponding box underneath “DI ACTIVE OPEN".

Discrete Inputs Function Description

EXTERNAL SD1& 2
These Discrete functions allow for an external device or condition to issue an
internal Shutdown condition.

COOLING WATER LEVEL LOW

This Discrete function allows for an external device or condition to issue an
internal Alarm condition. This input does not have to be water level, but can be
any discrete condition in the system. This function is also tied into the Derate
functionality.
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LUBE OIL LEVEL LOW

This Discrete function allows for an external device or condition to issue an
internal Alarm condition. This input does not have to be oil level, but can be any
discrete condition in the system. This function is also tied into the Derate
functionality. The default action of this fault is to check the level at all times, to
check oil level only when the engine is stopped select EOL CHECK ONLY
WHEN STOPPED.

MODBUS SELECT

This Discrete function is intended to be used when Modbus communication is
desired. Connect a toggle switch inside the panel to switch the Serial Port to
Modbus Slave protocol. Once this switch is activated the port flushes for 5 (five)
seconds and switches to Modbus.

BACKDOOR MODE

If immediately after switching the port to Modbus or control power up, there is a
Modbus Link error for greater than 60 seconds then the serial port will switch
back to Servlink for only 60 seconds to give the user an opportunity to connect to
the control and correct the issue.

RUN/STOP

This Discrete function must be asserted for the control to open the throttle, Gas
SQV, or Trim Valve. Connect this input to the system control or panel switch. The
engine will not run if this input is FALSE.

FAULT RESET

This Discrete function allows the user to reset control faults; it has the same
function as the RESET FAULTS button in Toolkit. Connect a momentary spring-
return push button on the control panel. The Reset Faults input will only reset
Shutdown conditions if the engine is stopped.

IDLE/RATED

This Discrete function is only used for Speed Control Generator Mode and forces
the speed to Idle speed reference if the breaker is open. See the Speed
Reference section for more information.

LOWER

This Discrete function is only used for Speed Control Mode and lowers the speed
reference. Typical application is to use a 3-position switch spring return to center,
with the center position unconnected and the CCW position connected to the
LOWER input and the CW position connected to the RAISE input. Another toggle
switch labeled LOCAL/REMOTE can also be added. When this switch is closed,
both the Raise and Lower inputs are closed to place the unit in Remote reference
mode. See the Speed Reference section for more information.

RAISE

This Discrete function is only used for Speed Control Mode and raises the speed
reference. Typical application is to use a 3-position switch spring return to center,
with the center position unconnected and the CCW position connected to the
LOWER input and the CW position connected to the RAISE input. Another toggle
switch labeled LOCAL/REMOTE can also be added. When this switch is closed,
both the Raise and Lower inputs are closed to place the unit in Remote reference
mode. See the Speed Reference section for more information.

GENERATOR BREAKER

This Discrete function is only used for Speed Control Mode and switches the
control to 2nd Dynamics. Connect this input to the Generator CB AUX contact.
This input is also used in conjunction with the UTILITY BREAKER input to place
the control into Internal Load Control.
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UTILITY BREAKER

This Discrete function is only used for Speed Control Mode and switches the
control to Internal Load Control if the GENERATOR BREAKER is also closed.
Connect this input to the Ultility tie breaker AUX contact.

IGNITION ON

This Discrete function provides a firing indication to the E3 Controller. This input
must be closed to open the Gas Shutoff Valve (GSOV), if this input opens while
the engine is running, then the GSOV, throttle, and Fuel Trim Valve will close.
Connect this input to the third-party Ignition controller “IS FIRING” output. If this
functionality is not desired then no connection is to be made to this input and go
into the Service Tool and configure this input as ‘ALWAYS ON’.

AFR POT LEARN

The AFR POT LEARN input is used in conjunction with the AFR Adjust
Potentiometer to allow external AFR setpoint bias. Connect the AFR learn switch
to a normally open pushbutton. To use: press the AFR learn button, adjust pot
(CW to increase setpoint), release button and the bias increment has been saved
for the current load level, all other load levels are not affected.

THROTTLE 1 OK
The THROTTLE 1 OK can provide diagnostic feedback from the throttle. Connect
to the Throttle 1 Status Output to this input.

THROTTLE 2 OK
The THROTTLE 2 OK can provide diagnostic feedback from the throttle. Connect
to the Throttle 2 Status Output to this input.

FUEL TRIM VALVE 1 OK
The FUEL TRIM VALVE 1 OK can provide diagnostic feedback from the FTV.
Connect to the FTV 1 Status Output to this input.

FUEL TRIM VALVE 2 OK
The FUEL TRIM VALVE 2 OK can provide diagnostic feedback from the FTV.
Connect to the FTV 2 Status Output to this input.
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DISCRETE IM

@i

@ oaz

@ 2n14
@ :n15
@ =N1E
@ 217
@ 2nz0
@ :nz2i
@ :nz2
@ 2nz3
@ :nze
@ :nzs

Dl ACTIVE OPEN
[] DiE1 ACTIVE OFEM

[] DG2 ACTIVE OFEM
[] AN14 ACTIVE OPEN
[] &M15 ACTIVE OPEN
[] &MN1E ACTIVE OPEM
[] AMN17 ACTIVE OPEM
[] ANZ0ACTIVE OPEN
[ &WN21 ACTIVE OPEM
[] AN22 ACTIVE OPEM
[] ANZ3 ACTIVE OPEN
[] &W24 ACTIVE OPEM

[] aN25 ACTIVE OPEM

DISCRETE INPUT COMFIGURATION

EXTERMNAL SHUTDDWM 1

EXTERMAL SHUTDOWMN 2

COOLIMNG WATER LEYEL LOW

LUEE OIL LEVEL LW

MODBUS SELECT

RUMN/STOR

FaULT RESET

IDLE/RATED

LOwWER

RA&ISE

GEMERATOR EREAKER

UTILITY EREAKER

IGMITION OM

AFR POT LEARMN

THROTTLE 1 Ok

THROTTLE 2 Ok,

FUEL TRIM WALWE 1 0K

FUEL TRIM %ALYE 2 0K

ALWAYS OFF
ALWAYS OFF
ALWAYS OFF
ALWAYS OFF
AN_16
ALWAYS ON
AN_21
AN_22
AN_23
AN_24
AN_20
AN_25
IC-32% CAN
DG
ALWAYS ON
ALWAYS ON
ALWAYS ON

ALWWAYS O

Figure 3-64. Discrete Input Setup (HMI Screen 6.7)

Figure 3-65 shows the HMI user settings for Discrete Output setup. Each output
can be manually forced with the engine stopped. If engine speed is detected, all
outputs will inhibit the Force mode and operate normally. To enable Force Mode

for any Discrete Output check the box next to ENABLE LS XX RELAY FORCE

MODE. At that point the LS XX RELAY FORCE VALUE checkbox will match the

current condition to avoid any unwanted transitions. At that point the LS XX
RELAY FORCE VALUE checkbox will control the output to perform wiring

checks, device forcing, or troubleshooting.
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L5 05 - ALARM RELEY L5 09 - IGNITION SD RELAY
@ LS 05 - ALARM RELAY FORCED @ LS 03 - IGNITION 5D REL&Y FORCED
[ EMABLE LS 05 - ALARM RELAY FORCE MODE [ EMABLE LS 09 - IGNITION 5D REL&Y FORCE MODE
[ LS 05 - ALARM RELAY FORCE VALUE [ LS 09 - IGNITION 50 RELEY FORCE YALUE
LS 05 - ALARM RELAY INVERT FUNCTION []LS 09 - IGNITION 5D RELAY INVERT FUNCTION
LS 06 - SHUTDOWN RELAY L5 10- SPEED SWITCH RELA&Y
@ L5 06 - SHUTDOWN RELAY FORCED @ L5 10-SPEED SWITCH RELAY FORCED
[] ENABLE LS 06 - SHUTDOWN RELAY FORCE [[] EMABLE LS 10- SPEED SWITCH RELAY FORCE MODE
[ LS 0 - SHUTDOWN REL&Y FORCE YALUE [ LS 10 - SPEED SWITCH RELAY FORCE VALUE
LS 06 - SHUTDD'WN RELAY INVERT FUNCTION [ LS 10 - SPEED SWITCH RELAY INVERT FUNCTION
L5 07 - OPEN GAS SHUT OFF RELAY MPRD -BATTERY CONSERVATION RELAY
@ L5 07 - OPEN GAS SHUT OFF RELAY FORCED @ MFRD - BATT CONSERVE RELAY FORCED
) Ehs = Ll s S R s [] EN&BLE MPRD -BATT CONSERVE FORCE MODE RESET BATTERY
CONSERVATION
[ 3,37 OPEN BAS SHUT OFF RELAY FORCE []MPRD - BATT CONSERYE FORCE YALUE TIMER
[ k5% OPEN GAS SHUT DFF RELAY INVERT BATTER'Y CONSERVATION RELAY SETTINGS
|5 - L FE L BATTERY CONSERVE TIMER 0 sec
@ L5 (8- MIL REL&Y FORCED BATTERY CONSERVE DELAY T ey
[ EMABLE LS 08 - MIL RELAY FORCE MODE MODE ELWAYS ON v

[] LS 08 - MIL REL&Y FORCE WaALUE

[ LS 08 - MIL REL&Y INWERT FUNCTION

Figure 3-65. Discrete Output Setup (HMI Screen 6.6)

Discrete Outputs Function Description

LS05 - ALARM RELAY

This output indicates an ALARM fault condition is active in the E3 Control. This
output will latch until reset. Connect a relay that lights a lamp or signals to the
SCADA or engine control that there is a latched fault condition.

LS06 - SHUTDOWN RELAY

This output indicates a SHUTDOWN fault condition is active in the E3 Control.
This output will latch until reset. Connect a relay that lights a lamp or signals to
the SCADA or engine control that there is a latched SHUTDOWN condition.

LS07 — OPEN GSOV RELAY
This output opens the engine Gas Shutoff Valve. This output will operate based
on the run sequence. Connect a relay that opens the GSOV.

LS08 — MIL RELAY

This output has two selectable modes: Emissions Fault or MIL Flash code. When
USE FLASH CODE FOR MIL is checked the MIL will flash when there is a fault.
FLASH CODE: Flash the number 12 to signal the start of the flash sequence
followed by the first applicable event from the FAULT LOG. When the first
applicable event is finished, the MIL block will flash the next fault until all faults
have been displayed then start over with the number 12. Uncheck this box to
configure the MIL output to activate only when an emissions related fault occurs.
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LS09 — IGNITION SD RELAY

This output provides the Ignition Shutdown signal to an external Ignition
controller (including the 1C-92X). This output works with the Purge timer and
Shutdown Logic to provide a means to shutdown the Ignition Controller. Connect
to the permissive input for the Ignition Controller (Contact A for the 1C-92X).

LS10 — SPEED SWITCH RELAY

This output provides a simple speed switch function for external use. Connect to
the external device through a relay. If the Pickup setting is higher than the
dropout, the switch becomes active above the pick up speed and becomes
inactive when the speed drops below the dropout setting. If the dropout setting is
higher than the pickup setting, then the switch becomes active below the dropout
speed and inactivates when the speed rises above the pickup setting.

MPRD — BATTERY CONSERVATION RELAY

This output provides a means to turn off or disable electric actuators used by the
system. Connect through a relay to control the Actuator power directly.
Alternately the relay contacts can be used to switch the RUN ENABLE inputs for
the actuators. The relay is energized immediately on control power-up or engine
start and resets after the engine has been stopped for a tunable delay time.

Fault Configuration

In Figures 2-74(a) through 2-74(h) the user settings for fault configuration are
shown. For detailed descriptions of each fault see Chapter 5. These settings
allow an individual fault to be enabled, its delay time to be configured (when
applicable), and other parameters pertaining to specific faults to be adjusted.

AL LI5S OF POWER AL - ENGINE STALLED AL BT - POST-CAT TRIM LIMIT
[ ERADLE AL 5 -LOSS OF POWER [ ENABLE AL 1 ENGINE STALLED [T AL DAL 09 SHUTDOWN SELECT
A " . ala AL AL B oLl o
1AL SSHUTOOWM SELECT AL 81 DELAY wEle we ey wjaled e

AL 104 AL 15-SYSTEM RICHAEAN AL 02 CLOSED-LOOP ERF0RA
[#] EMABLE AL 10MAL 15 SYSTEM RICHAEAN [+] ENABLE AL B2 CLOSEDLOOP ERROR
AL 10DELKY 120 e e [C] AL B2 SHUTDMWN SELECT

AL 0 FECH DIFFERENCE 50 AL &2 DELAY SIS me
AL 15 DELAY 20 AL 83- POSTHEGD 15 MM AVG EXCURSION
) EMABLE AL B3 POST HEGO 15 MM AVG

MCURSH

AL 15LEAN DIFFERENCE Ll EXCURSION

AL 2025 - MAP-| SENSOR VOLT UIMITS [ AL B SHRITDOWN SELECT
AL VAL 75 DELAY HSHe AL mDELAY WOLSS
AL 20MAP 1 M4 LIMIT 035815 voC AL B3FAULT WINDDW 0SS
AL Z5MAR T MEK LIMIT ATSRE e VOC AL B4  USREGUESTED OFENLOOP

AL 30735 - MAP-2 SENSOR VOLT UMITS [ AL 84 SUTDOWN SELECT
AL AMAL 7 DELAY THSHE e AL §5 - PRE-CAT BACKUP MODE ACTIVATED

AL N MAP 2 M LIMIT oS voo [C] AL 5 SHUTDOWN SELECT
AL T MAE 2 MAK LIMIT 4 TSHHe vOC AL DE/RT - PRECAT TRIM LINIT

L00- D T | AL BRAL 57 5 /M SELEC
AL 0 MAP SENSOR FAILURE AL 8O- OVERSPEED THIP )AL BE/AL B7 SHUTDOWM SELECT
OVERSPEED 50 TS TETEL oM

[CIAL 40 SHUTDOWN SELECT THRESHOLD el
[]USE A&\ SPEED FOR OVERSPEED

AL BEL BT DELAY WSS

Figure 3-66a. Fault Configuration Faults 5-89 (HMI Screen 7.4)
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AL 90/31 - BANK BALANCE LIMIT

ENABLE AL 30441 91 BANK BALAMCE LIMIT

AL1114112 -L0T SEMSOR LIMIT
[]AL 1114112 SHUTDOWN SELECT

AL 1184120 - PRE-CAT PRS SENSOR LIMIT
[[]AL 1194120 SHUTDOWN SELECT

[] AL 30/AL 31 SHUTDOWAN SELECT AL111/112 DELAY 5[E1 8] see AL 119/120 DEL&Y 5[E1S s
AL S0/AL 91 DELAY 11215 sec AL 11T LOT MIN LIMIT [E S AL 119 PRCP MIN LIMIT 025/515 voC
AL 8100 - LOAD SENSOR LIMIT ALTTTLOT MK LIMIT 4751513 oo AL 118 PRCF M&X LIMIT 175518 voo
1 AL T ST Dt LR AL 1134114 - ECT SENSOR LIMIT AL 1214122 - POST-CAT PRS SENSDR LIMIT
AL 98/100 DELAY 11214 sec [] AL 113/114 SHUTDOWN SELECT [] AL 1211122 SHUTDOWN SELECT
AL 5BLOAD MIM LIMIT 0.:[E1S] voo AL 113/114 DELAY 5[5 8] seo AL 1214122 DELAY 5[518 s
AL 100 LOAD M&X LIMIT 475l £14] voo ALT1ZECT MIN LIMIT 025/ &4 voC AL 121 POCP MIN LIMIT 05[£14 voo
= &
AL 1024103 - MAT 1 SENSOR LIMIT AL 114 ECT M&X LIMIT 475/ &1 voo AL 122 POCP M LIMIT 475518 voo
ZTa
AL 102405 DELAY SIS 0 AL 115/118 - LOP SENSOR LIMIT AL 1234124 - PRE-CAT TEMP SENSOR LIMIT
AL 102 MAT 1 HIN LIMIT 025514 voo [] AL 115/116 SHUTDOWN SELECT [] AL 1234124 SHUTDOWN SELECT
AL 103 MAT 1 WA LIMIT 475214 voC AL 115116 DELAY 5[5 e se AL 123/124 DELAY 51518 s
AL 105106 - MAT 2 SENSOR: LIMIT AL 115 LOP MIN LIMIT n25/&l%] voo AL 123 PRECAT TEMP MIN LIMIT 025514 oo
=
AL 105/108 DELAY 5[S1S seo AL 116 LOP MAX LIMIT 475513 VDo AL 124 PRE-CAT TEMP MaX LIMIT 51415 voo
aTa
AL 105 AT ZMIN LIMIT DB[STSIVOE | ay 117/118- COP SENSOR LMIT AL 125/126 - POST-CAT TEMP SENSOR LIMIT
AL 105 MAT 2 WAk LIMIT a7l SlS] voo [] AL 117112 SHUTDOWMN SELECT [] AL 125/ 26 SHUTDOWM SELECT
41110 - MAT SENSOR FAILURE AL 1177118 DELAY SFEFE sec AL 1257126 DELAY 51212 sec
[JAL 110 SHUTDOWN SELECT AL 117 COP MIN LIMIT 02521% vDC AL 125 POST-CAT TEMP MIN LIMIT 025215 voc
AL 118 CDP M LIMIT 475[215] voo AL 126 POST-CAT TEMP MAX LIMIT 51[£14 woo
Figure 3-66b. Fault Configuration Faults 90-126 (HMI Screen 7.5)
AL 141/142/143 - MANIFOLD TEMPERATURE 1PROTECTION — AL 151/152/153 - MANIFOLD TEMPERATURE 2PROTECTION — AL 161/162/163 - ENGINE COOLANT TEMP PROTECTION
MAT1 PROTECTION SELECT OFF v MAT2 PROTECTION SELECT OFF v ECT PROTECTION SELECT v
AL 141 MAT 1 ALARM AL 151 MAT 2 ALARM AL 161 ECT ALARM
AL 141 MAT 1 ALARM T[ETA] ¢ AL 151 MAT 2 ALARM m0lalal AL 161 ECT ALARM FrS s
THRESHOLD sie THRESHOLD =¥ THRESHOLD i
AL 141 MAT 1 ALARM DEL&Y 10518 sec AL 151 MAT 2 8LARM DEL&Y 101518 sec AL 161 ECT SLARM DELAY 1E14 s
5D 142MAT 1 SHUTDOWN /AL 143 MAT 1 DERATE 5D 152 MAT 2SHUTDOWN / AL 163 MAT 2 DERATE 5D 162 ECT SHUTDOWN /AL 163 ECT DERATE
AL 143 MAT 1 DERATE WIETE] AL 153 MAT 2 DERATE IETA] AL 1B3ECT DERATE TElA] -
THRESHOLD i THRESHOLD == THRESHOLD i)
AL 143 MAT 1 DERATE STEP 0[ETE] 5 AL 153 MAT 2 DERATE STEP TOETE] AL 163ECT DERATE Y
SizE SIe] * SizE SI+] * STEPSZE SIe] *
AL 143 MAT 1 DERATE TalETA] AL 153 MAT 2 DERATE 2 AR 5 AL 163ECT DERATE CLEAR oA 5
CLEAR STEP SIZE STe] * CLEAR STEP SIZE Si+] * STEPSEZE Sie] *
AL 143 MAT 1 DERATE LOOP FESES 4L 153 MAT 2 DERATE LOOP PPN AL 163ECT DERATE FESES
TIME ] % TIME =¥ *=C LOOPTIME ~lw]
5D 142 MAT 1 DERATE wlalal 5 5D 152 MAT 2 DERATE Blala] 5 5D 162ECT DERATE wlalal 5
SHUTDOWN THRESHOLD: oTw] * SHUTDOWN THRESHOLD =iwl* SHUTDOWN THRESHOLD: ore] %
D 142MAT 1 DERATE 5D 10212 e 5D 152 MAT 2 DERATE 5D o[22 e 5D 162 ECT DERATE 5 1212 e
AL 166/167 - LUBE OIL TEMP PROTECTION
[] ENABLE AL 185 LUBE DIL TEMP ALARM
AL 166 LUBE OIL TEMP Frr S
ALARM THRESHOLD: ==
AL 166 LUBE QIL TEMP Y
ALARM DELEY DIST] e
[] EMABLE AL 167 LUBE OIL TEMP 5D
AL 167 LUBE OIL TEMP $D =olETE] ¢
THRESHOLD Si=
£L167LUBE DIL TENP 5D [E= S
Figure 3-66¢. Fault Configuration Faults 141-167 (HMI Screen 7.6)
AL 171172 - BALANCE DIFF 1l PROTECTION AL 1957200 - HEM RIEF INPUT LIWIT AL 2277228 . FTPS 2 INPUT LikaT AL 2817262 14V SUPPLY VOLT
[T EABLE AL 171 BAL DIFF HI ALARM 7] AL 196200 SHUTDOWMN SELECT 1AL 227/220 SHUTOOWN DELAY 7] ENABLE ALZET 14V SUPRLY VOLT LO
el pi il 3} &18 AL TIS/200 DELAY PSS wc AL T DELKY ol e e ] ENADLE AL252 14 SUPPLY VOLT 18
AL 171 BALOIFF I ALATH WS we | (LIEROMACF oB[E[E we | ALZFIS NN SEEE e | A mvmoesy STE[S]
] ENABLEAL 172 BAL DSFF 18 50 iy g % voc AR EIEa 2 ATSIEIS VDT | AL 26315 05 ALARM DUT WIRING FAULT
et GRS s AL 2RO TR 1 INFUT LT AL 707240 - BVOLT SUPPLY HDRP_A ) EHABLE AL 25315 05 WIRING FALLT
AL 172 BAL DIFFHI SO 5 ] AL 205/230 SHUTDOWM SELECT [ ENABLE AL 7305V SUPRLY LD AL 64 L5 06 SHUTDGWN OUT WIRING FALLT
- 2 WP r-1E 7 5
ALITSITE - MAP T HI PROTECTION AL B0 DELAY 2! . LT ALD «s[&TE] yoc L1 EMADLE AL 254 L5 06 WIRING FAULT
[=] ENABLE AL 175 MAP 1| H) ALARM fEraTEs T 0 &}S] vor [Z] ENADLE AL 405V SUPPLY HI AL 265+ LS 07 SOV OUT WIRING FAULT
AL 175 MAP 1 HIALARM e sl e AL N0 TRS 1 A o | L AL M0 DRF_A W 1 lala [[] EMABLE AL 26515 07 WIRING FALLT
THRCEHOLE Bt pm s 475|518 vor AT < 51pSHe Vol
Dy A SIS e AL215AL 20-TPS 20T LMIT AL 207240 05LAY S | ALZEELS00MIDUT WG FALLT
i [T EMABLE AL 266 L5 08 WIRING FAULT
[ EMADLEAL 175 MAP 1 HI 5D [ AL 2154220 SHUTDOWM SELECT AL 2500280 - SVOLT SUPPLY ADRP. 8 i
AL 175 MAP 1 HI 5D AL 2150 DELAY slala (5] EHADLE AL 2505V SUPPLY LD AL ZET - LS 09 IGNITIN OUT WIRING FAULT
THRESHOLD T AL T8 TRE Sh P =006 L0 wlolél v [ EMABLE AL 267 L5 DA WIRING FALLT
AL 176 MAP 1 HI 50 DELAY 0SS e LiMIT LMIT e VO
TR AL 15 TPS 2 M = e B CHBLE AL A BV SRR AL 26815 10 SPEED SWATCH OUT WIRING FALLT
AL TTRATS - MAP 2 HI PROTECTION Ly PERELS ] EMABLE AL Z65LS T0WIRING FAULT
[ EMADLE AL 170 MAP 2 HI ALATM AL 728225 FIPS 1 PUT LMIT b7 s s1}81e] voo
AL 275 - MPFD BATTERY CONSERVE WIRING FLT
AL ATIMAP 2 Hi ALATIM S s | []ALZ22 SHUTDOWN SELECT D DELR S[@e] we
THRESHOLD ESie = B Labs [T} EMARLE AL 275 MPRD WIRING FALLT
AL TTEMAP 2 HI ALARM AL T DELAY SIS e
DELAY
25TPS Sl
1 EMABLE AL 179 MAP 2 HI 5D rﬁqﬁsr FS1HN 025 & Vot
AL 179MAP 2HI 5D vEIE o, AL SHFIFS i aml&bel vor
THRESHOLD Il . 4
AL 17T MAP 211 5D DELAY WSS e

Figure 3-66d. Fault Configuration Faults 171-275 (HMI Screen 7.7)
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5D 310 CAN1 < T<ERROR AL 370 MISFIRE 5D 442 - UNCONTROLLED OVERPOWER PROTECTION
- o sl
S0 MO LMIT EETS OFFUNETHRESHOLD - EMABLE 5D 442 UNCONTROLLED IVERPOWER
LOAD INDEX  FAULT LEVEL
S0 21 - CANPFO T ERHDR ] [FPM/me™3] 50 842 POWER SELECT Qe [
T r— T
S0 311 LIMIT ST i 2 SD 442 FUWER THRESHOLD %0 B1S
150 | [F]
S0 O - SURFLY VOLT LIMITS 2 | D41 SD4aZDELAY 10} 818 e
T 1 alala] v =0 | 041
ARSI ILRRLEAILILD: DS = (55 AL M344/445/485 . CAT DIFF PAESS HIALO
SDHOSUFPLY VLT HI 5 voc AL 390 MISFIEE OnLe [ ENADLE AL 443 CAT DIFF PRIESS HI ALARM e
S0 TN DELAY shglel e THRESHOLD [T EMAGLE AL 445 CAT DIFF PAESS LO ALARM THREEHOLD:
LUAD INDEX  FALLT LEVEL = ; OF
AL F50/360/355 - SPD BAS INFUT LIMITS i [RPM/sec™d) AL M3/445 ALARM DELAY 0}&{$] e Omiifecin]  [rHNG)
AL 350 SPEED BIAS MIN " os 90 121
(] Lt "5 [ ENABLE SO 444 CAT DIFF FRESS HISD 5 Er
AL 360 SFEED BIAS MAX amlalal oo 150 4 L]
(] Oiw Fil 176 [] ENABLE SO 445 CAT DIFF FRESS LO SO 20 e
AL 365 TARGET i =0 | 146 = ) T 0 151
FREGUENCY 5 | Sy AL/ SD DELAY 1201812 e o T
AL VLS DELAY SHEH g e
&l 443 CDP HI ALARM 5D 444 CDPHI 5D N MECOPLN 5D
S D e et w.qpsumgw mnr.c:un.an mnr.c.urunmP
L ST MISHHE 0fals ] EJABLE AL 40 OVERPOWER u...,u,,u.::1 [.HZU:IR‘ u.m.u.:} I-HZU:JM l-‘:'min:lu:n |.quurjn
7] EMABLLE AL 370 MISFIRE ALARM [E1&] e = - : ;
’ SaL R 10979 ma na 704 1o 304 10 L]
- L& F M
AT L Rileie ol AL 441 - LOW POWER FROTECTION ﬁ ::’; i‘_"' ::'t: ﬂ o
CHIHE 5 5 ENABLE AL 441 , LOW FOWER | E : 0
[#] EMSBLE AL 330 MISFIRE SHUTDIWH ] FRAOTECTION | am ! N an 130 el 13
O CE R [ETED 11518 APMianc™? AL 441 DELAY WHESHE =
AL FNDELAY 5 s
Figure 3-66e. Fault Configuration Faults 310-446 (HMI Screen 7.8)
AL 447/448 - PRE-CAT PRESSURE HI AL 451/452/470/475 - FRE CAT TEMP HIZLD AL 4537454 - POST-CAT TEMP HI
[] ENBBLE 4L 447 PRE-CAT PRESSURE HI ALARM EMABLE AL 451 PRE CAT TEMP HI LARM EMABLE AL 453 POSTCAT TEMF HI ALARM
AL 447 HI ALARM AT AL 451 HIALARM ZTa . AL 453 HI ALARM alal
THRESHALD 2[5t inH20d THRESHALD ST F THRESHALD ST F
AL 447 HI ALARM DELAY 11515 sec AL 451470 ALARM DELAY 10515 sec AL 453 HI ALARM DELAY 11512 sec
[T] EMABLE SD 448 PRE-CAT PRESSURE HI 5D ENABLE AL 470 PRE-CAT TEMP LD ALARM ENABLE SD 454 POST-CAT TEMP HI 5D
5D 448 HI 5D ala AL 47000 ALARM Alal . Alal .
THRESHOLD 18[S S inHz0d THRESHOLD BO(S S °F SD 454 HI SO THRESHOLD 1300 &1 4 F
5D 448 HI 5D DELAY 11518 sec EMABLE AL 452 PRE CAT TEMP HI 5D 5D 454 HI 5D DEL&Y 0ElE] sec
AL 443/450 - POST-CAT PRESSURE HI 5D 462 Hl 5D THRESHOLD [ AL 45574565 - HEGO HEATER 1 CURRENT HI
[] ENABLE AL 443 POST-CAT PRESSURE HI ALARM D 4524475 5D DELAY B s ENABLE AL 455 HEGD HEATER 1 CURRENT HI ALARM
e 12} &2 inHang [ ENABLE D 475 PRE-CAT TEMPLO SD ENABLE 5O 456 HEGO HEATER 1 CURRENT HI 5D
AL 449 HI ALARM DEL&Y 1518 sec 5D 475L0 SO THRESHOLD o[ Ste F AL 457/458 - HEGO HEATER 3 CURRENT HI
[] ENABLE SD 450 POST-CAT PRESSURE Hi SO AL 4707475 RUN TIME TZ0ETE] e EMABLE AL 457 HEGO HEATER 3 CURRENT HI ALARM
ENABLE DELAY i 2
5D 450 HI 5D NN /] ENABLE 5D 453 HEGO HEATER 3 CURRENT HI 5D
THRESHOLD 18IS 1= inHa0d
5D 450 HI 5D DELAY 11212 see AL 455/455/457/458 - HEGO HEATER CURRENT HI COMMON
AL 4557457 ALARM TEE anc
THRESHOLD Tiw
AL 455/457 ALARM DELAY 2l 22 sec
5D 456458 5D THRESHOLD 3[&f2] anc
D 456,458 5D DELEY 02214 sec
Figure 3-66f. Fault Configuration Faults 447-475 (HMI Screen 7.9)
AL 485/486/457 - LUBE DIL PRESSURE PROTECTION AL 430/451/432 - ENGINE OIL LEVEL PROTECTION 5D 438 - EXTERNAL S0 1
LOP PROTECTION SELECT ALARM +50 v EOL PROTECTION SELECT DERATE [T ENABLE SD 436 EXTERNAL 5D 1
AL 485 LUBE DIL PRESSURE ALARM AL 430EOL ALARM 5D 498 DELAY 02 sec
AL 485 LOP ALARM DELAY 100/ 514 seo AL 430 EOL ALARM DELEY 118 s | o 4a. erermaLap 2
5D 485 LUBE DIL PRESSURE SHUTDOWN 5D 491 EOL SHUTDOWN /AL 432 EOL DERATE [] ENABLE 5D 433 EXTERNAL 3D 2
AL 492 EOL DERATE .,
5D 485L0P 50 THRESHOLD 100214 psi e, ofef = 5D 439 DELAY 012l8] e
5D 485 LOP SHUTDOWN 50[2la] AL 432 EOL DERATE CLEAR 12l 5
DELAY Si= STEPSIZE SI=1 % ALS50-HEGD1VOLTLO
AL 492 E0L DERATE Sy
oy tester 0P il 11518 sec | [¥] EMABLE AL SSOHEGO 1 VOLT LD
SD 431 EOL DERATE ara
e _— s BEEaE [] 4L 550 SHUTDOWN SELECT
5D 491 EOL DERATE ara Zra
IRPM)  PRESS psi) R U EI LT 11514 sec AL 550/565 HEGO 162 L0 THAESHOLD s[EES] mv
1200 145 —
1800 = EOL FALLT LOGIC AL 550 DEL&Y SIS sec
1800 0 [] EOL CHECK ONLY WHEN STOPPED AL 555 HEGO 1YOLT HI
2000 0
AL 435/436/437 - ENGINE COOLANT LEVEL PROTECTION ENABLE AL E56 HEGD 1 VOLT HI
ECL PROTECTION SELECT ALARM 450 v ] AL 555 SHUTDOWN SELECT
AL 435 ECL ALARM AL 556/570 HEGD 152 HI THRESHOLD: 1050} &[5 mv
Tala
AL 495 ECL ALARM DELAY S18] s R GES S
SCE AT AL 560-HEGO 1 SENSOR FAILED
5D 495 ECL SHUTDOWN A oo
DELEY 2l ENABLE AL 560 HEGD 1 SENSOR FALED
[ AL 550 SHUTDOWN SELECT
L SEUSTSHEGD 162FAULT LO 20l 2]A]
AL ST HEGD 152FALT HI W[ E[E]
AL 580 DELAY 10F&ES sec

Figure 3-66g. Fault Configuration Faults 485-560 (HMI Screen 7.10)
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AL 551 - HEGOD 1 HEATER OPEN CIRCUIT
[] ENADLE AL 561 HEGO | HEATER OPEM CHRCLIT

AL 576 - HEGO IHEATER OPEN CIRCINT
[] ENADLE AL 57 HEGO IHEATER OPEN CIRCIAT

AL 530-HEGD 3 SENSOR FAILED
[] EMABLE AL 590 HEGO 3 SENSOR FAILED

ALUMEHENERLS o oo [E aoc AL AU HEATER 1/ EURAENT LO Am 1S D | [JALSHSHUTOOWN SELECT

AL 561 DELAY GREl S we AL 576 DELAY ST e AL 590 DELAY 111 e
[] AL 561 HEGD 1/2 HTR FALILT CAUSES SENSOR FAILUAE [] AL 576 HEGO JHTR FLT CAUSES SENSOR FAILURE HEGD 3FALLT LO WINDOW R
AL FER - HEGD 2V0LT LD HEGD 1 1 2 SENSOR COMMION HEGO 3FALLT HI WINDDW w1 SE o
] ENARLE &1 GBS HERD 2VOLT L0 HEGM BO0D BELAY WS e HEGO 36000 DELAY WFSFS] e
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Figure 3-66h. Fault Configuration Faults 561-1301 (HMI Screen 7.11)
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Figure 3-66i. Fault Configuration Faults 1305 & up (HMI Screen 7.12)

LISTING OF SETTINGS AND DEFINITIONS

Dashboard

The Dashboard (see Figure 3-2) is located on the left side of the screen and
provides key operational information pertaining to the control and engine.

All online pages except Configuration pages display the Dashboard readout.

10000181 m

The Dashboard also contains a graphical indication of the HEGO sensor modes.
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Figure 3-67. E3 Stoich Mono Dashboard
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Figure 3-68. E3 Stoich Stereo Dashboard

ENGINE SPEED
Filtered engine speed (RPM).

SPEED SETPOINT
Speed setpoint for the speed control (RPM).

THROTTLE
Throttle demand for the speed control (%).

MAP
Resultant Manifold Absolute Pressure (psia).

MAT
Resultant Manifold Air Temperature (°F).
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ECT
Engine Coolant Temperature (°F).

PRE-CAT TEMP
Catalyst Inlet Temperature (°F).

POST-CAT TEMP
Catalyst Outlet Temperature (°F).

Qmix
Estimated engine charge flow (scfm).

POST-CAT HEGO 3
Catalyst Outlet HEGO sensor measurement (mV).

POST-CAT SETPOINT
Voltage setpoint for the Post-Cat AFR control (mV).

PRE-CAT SIGNAL
Processed signal for the Pre-Cat AFR control (mV).

PRE-CAT SETPOINT
Voltage setpoint for the Pre-Cat AFR control (mV).

HEGO 1 AMPLITUDE
Pre-Cat peak dither amplitude feedback measurement (mV).

TRIM
The base (non-dithered) trim command (%).

FTV
Actual FTV position demand (with dither) (%).

Info Bar
All online pages display the Info Bar readout.

It is located at the top of the screen and provides key operational information
pertaining to the control.

) AR RN
B ey QAR QuL @seutoown (L sTORFED [ FAULT LOG H NAVIGATION l G 00 Hous

Figure 3-69. Info Bar (All Screens)

ALARM
Current control Alarm status.

MIL
Current control Malfunction Indicator Lamp (Emissions fault) status.

SHUTDOWN
Current control Shutdown status.

AFR MODE
The current Air/Fuel Ratio Operational Mode display.
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FAULT LOG (BUTTON)
Shortcut button to the FAULT LOG page.

NAVIGATION PAGE (BUTTON)
Shortcut button to the NAVIGATION page.

RUN TIME
Shows the cumulative run hours of the engine (Hours).

AFR Control

AFR PRE-CAT

The main page for Air/Fuel Ratio control setup and troubleshooting.
Provides key settings pertaining to the pre-catalyst AFR control.

AFR STATE
REQUEST MODE *
Dropdown box that that selects the Air/Fuel Ratio Mode.

IN OPEN LOOP - REASON

Indication of the reason for the Open Loop Mode - Possible States: “IGN
OPEN/SHORT”, “MISFIRE”, “LOAD NOT READY”, “SENSORS COLD”, “FAILED
SENSOR?”, or “REQ OPEN LOOP”.

PRE-CAT CLOSED LOOP
CONTROL ENABLED
LED indicating that the Pre-Cat Control loop is enabled.

PRE-CAT CONTROL PID
Readout of bias to Post-Cat Control Loop (%).

TRIM
Readout of the pre-dither base signal (%).

PROP GAIN *
The Proportional Gain of the Pre-Cat Control Loop, decreasing the Prop Gain will
reduce the response of the control loop. See PID control section.

INT GAIN *
The Integral Gain of the Pre-Cat Control Loop, decreasing the Int Gain will slow
the response of the control loop. See PID control section.

SDR *
The SDR of the Pre-Cat Control Loop. See PID control section.

LO SCALE LIMIT *

The minimum trim command out, this parameter establishes the minimum trim
limit for the Pre-Cat Control PID (%). If the PID is driven to this value for the
delay timer, an alarm will be triggered.

HI SCALE LIMIT *

The maximum trim command out, this parameter establishes the maximum trim
limit for the Pre-Cat Control PID (%). If the PID is driven to this value for the
delay timer, an alarm will be triggered.
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ADVANCED DYNAMICS

GAIN RATIO *

The ratio applied to the Prop Gain when the Pre-Cat AFR control error has
exceeded the WINDOW. See PID control section.

WINDOW *
The Pre-Cat AFR control error threshold that activates the GAIN RATIO (mV).
See PID control section.

CONTROL

SYMMETRY *

Values below 1.0 allow an asymmetric signal to reduce the lean AFR excursions
into the catalyst.

AFR SIGNAL FILTER *

The AFR Signal filter value after the Running average calculations (sec).
Increasing this parameter smoothes the signal but slows response.

AFR SIGNAL CYCLES *

The number of samples used for the Running average calculations. Increasing
this parameter smoothes the signal but slows response.

FTV LIMITS
LO
LED indicating the Pre-cat control loop is on its Low Limit.

HI
LED indicating the Pre-cat control loop is on its High Limit.

AFR TABLES
These tables provide the settings for the Air Fuel Ratio control and all share a
common index. The output of each table is also shown.

OPEN LOOP TABLE *
2 x 8 lookup table Qmix (scfm) vs. Fuel Trim Valve Position (%) which provides
the feed-forward Fuel Trim Valve signal.

PRE-CAT SETPOINT TABLE *
2 x 8 lookup table Qmix (scfm) vs. Pre-Cat Setpoint (mV) allows a non-linear
setpoint over engine load.

FREQUENCY TABLE *
2 x 8 lookup table Qmix (scfm) vs. Frequency (Hz) allows a non-linear Dither
Frequency setting over engine load.

AMPLITUDE TABLE *
2 x 8 lookup table Qmix (scfm) vs. Amplitude (%) allows a non-linear Dither
Amplitude setting over engine load.

HEGO SWITCHING QUALITY
This group provides a snapshot of the switching quality of the Pre-Cat HEGO
Sensor.

SENSOR RICH
An LED indication that the Pre-Cat HEGO sensor reading is above 450 mV.

HEGO 1 LO PEAK
The lowest HEGO 1 reading in the last dither cycle (mV).

HEGO 1 HI PEAK
The highest HEGO 1 reading in the last dither cycle (mV).

Woodward 89



E3 Stoichiometric Control System Manual 26473

HEGO 1 AMPLITUDE
The difference in the peak measurements for the last dither cycle (mV).

TRIM SETTINGS
START POSITION *
The Fuel Trim Valve position held during engine start (%).

DEFAULT RATE *
The rate at which the trim valve ramps to the default position when the MAP
sensor(s) have failed (%/sec).

MANUAL POSITION *

The setting that allows the commissioning engineer to manipulate the trim valve
during setup and troubleshooting (%). NOTE: The Manual Position setting tracks
the previous trim valve position for bumpless transition into manual mode.

DEFAULT POSITION *
The position the Fuel trim valve goes to when the MAP sensor(s) have failed (%).

MANUAL MODE RATE *
The rate at which the fuel trim valve moves when a new manual position is
commanded from the Toolkit (%/sec).

AFR SETTINGS
LOAD BREAKPOINT *
The Qmix threshold that activates the closed-loop AFR control (scfm).

LOAD HYSTERESIS *
The Qmix difference below the LOAD BREAKPOINT that the closed-loop AFR
control will disable (scfm).

BREAKPOINT DELAY *
The delay time that the Qmix has to be above the LOAD BREAKPOINT to
activate closed-loop AFR control (sec).

FEED-FORWARD FILTER *
The filter applied to the OPEN LOOP TABLE feed-forward value. A higher value
will result in a sluggish fuel valve response (sec).

AFR POST-CAT

AFR STATE
REQUEST MODE *
Dropdown box that that selects the Air/Fuel Ratio Mode.

IN OPEN LOOP - REASON

Indication of the reason for the Open Loop Mode - Possible States: “IGN
OPEN/SHORT”, “MISFIRE”, “LOAD NOT READY”, “SENSORS COLD”, “FAILED
SENSOR?”, or “REQ OPEN LOOP”.

POST-CAT STATUS
POST-CAT ENABLED
LED indicating the Post-Cat Control loop is enabled.

POST-CAT LO LIMIT
LED indicating the Post-cat control loop is on its Low Limit.
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POST-CAT HI LIMIT
LED indicating the Post-cat control loop is on its High Limit.

POST-CAT CONTROL PID
Readout of the Post-Cat Control PID (+/-%).

POST-CAT SETPOINT
Readout of the Post-Cat Setpoint including the bias and the AFR SETPOINT
TABLE (mV).

POST-CAT CONTROL

PROP GAIN

The Proportional Gain of the Post-Cat Control Loop, decreasing the Prop Gain
will reduce the response of the control loop. See PID control section.

INT GAIN *
The Integral Gain of the Post-Cat Control Loop, decreasing the Int Gain will slow
the response of the control loop. See PID control section.

SDR *
The SDR of the Post-Cat Control Loop. See PID control section.

DEADBAND *
Once the post-cat control has reached setpoint, the PID will freeze until the
absolute value of the control error is greater than this value (mV).

TRIM SCALE *
The range of the post-cat PID, this value represents 100% bias (mV).

PRE-CAT STATUS
CONTROL ENABLED
LED indicating that the Pre-Cat Control loop is enabled.

PRE-CAT CONTROL PID
Readout of bias to Post-Cat Control Loop (%).

POST-CAT PID BIAS
Readout of the post-cat control loop bias to the pre-cat setpoint (mV).

PRE-CAT LO LIMIT
LED indicating the Pre-cat control loop is on its Low Limit.

PRE-CAT HI LIMIT
LED indicating the Pre-cat control loop is on its High Limit.

AFR TABLES

These tables provide the settings for the Air Fuel Ratio control, the pre-cat tables
all share a common index. The Post-Cat Setpoint and External Bias tables share
an index. The output of each table is also shown.

OPEN LOOP TABLE *
2 x 8 lookup table Qmix (scfm) vs. Fuel Trim Valve Position (%) which provides
the feed-forward Fuel Trim Valve signal.

AFR SETPOINT TABLE *
2 x 8 lookup table Qmix (scfm) vs. Pre-Cat Setpoint (mV) allows a non-linear
setpoint over engine load.
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POST-CAT SP TABLE *
2 x 8 lookup table Qmix (scfm) vs. Post-Cat Setpoint (mV) allows a non-linear
Post-Cat setpoint setting over engine load.

FREQUENCY *
Readout of the Pre-Cat Dither Frequency (Hz).

AMPLITUDE *
Readout of the Pre-Cat Dither Amplitude (Hz).

POST HEGO SIGNAL FILTER

POST-HEGO SIGNAL FILTER *

The Post-Cat HEGO Signal filter value after the Running average calculations
(sec). Increasing this parameter smoothes the signal but slows response.

POST-HEGO SIGNAL CYCLES *
The number of samples used for the Running average calculations. Increasing
this parameter smoothes the signal but slows response.

POST HEGO SIGNAL PROCESSING

USE AVG PER CYCLE *

Use the per cycle average as the process signal, if this value is unchecked the
control uses the HEGO 3 INPUT FILTERED for the PID process signal.

USE RUNNING AVERAGE *
Use the running average for the Post-Cat HEGO signal.

HEGO 1 SWITCHING QUALITY
This group provides a snapshot of the switching quality of the Pre-Cat HEGO
sensor.

SENSOR RICH
An LED indication that the Pre-Cat HEGO sensor reading is above 450 mV.

HEGO 1 LO PEAK
The lowest HEGO 1 reading in the last dither cycle (mV).

HEGO 1 HI PEAK
The highest HEGO 1 reading in the last dither cycle (mV).

HEGO 1 AMPLITUDE
The difference in the peak measurements for the last dither cycle (mV).

TRIM SETTINGS
START POSITION *
The Fuel Trim Valve position held during engine start (%).

DEFAULT RATE *
The rate at which the trim valve ramps to the default position when the MAP
sensor(s) have failed (%/sec).

MANUAL POSITION *

The setting that allows the commissioning engineer to manipulate the trim valve
during setup and troubleshooting (%). NOTE: The Manual Position setting tracks
the previous trim valve position for bumpless transition into manual mode.

DEFAULT POSITION *
The position the Fuel trim valve goes to when the MAP sensor(s) have failed (%).
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MANUAL MODE RATE *
The rate at which the fuel trim valve moves when a new manual position is
commanded from the Toolkit (%/sec).

AFR SETTINGS
LOAD BREAKPOINT *
The Qmix threshold that activates the closed-loop AFR control (scfm).

LOAD HYSTERESIS *
The Qmix difference below the LOAD BREAKPOINT that the closed-loop AFR
control will disable (scfm).

BREAKPOINT DELAY *
The delay time that the Qmix has to be above the LOAD BREAKPOINT to
activate closed-loop AFR control (sec).

FEED-FORWARD FILTER *
The filter applied to the OPEN LOOP TABLE feed-forward value (sec). A higher
value will result in a sluggish fuel valve response.

AFR TREND

The AFR TREND page shows important AFR related variables.

CATALYST HEALTH
This page shows catalyst health conditions and system flow information.

PRE-CAT TEMP
PRE-CAT TEMP
Displays the current pre-cat temperature (°F). Reads -100 °F if not configured.

PRE-CAT TEMP PEAK HI
The highest value captured @5 ms since reset.

PRE-CAT TEMP PEAK LO
The lowest value captured @5 ms since reset.

RESET PRE-CAT TEMP PEAK DETECT
Momentary button that resets the peak detectors.

CAT TEMP RISE
CAT TEMP RISE
Displays the current cat temp rise temperature (°F).

CAT TEMP RISE PEAK HI
The highest value captured @5 ms since reset (°F).

CAT TEMP RISE PEAK LO
The lowest value captured @ 5 ms since reset (°F).

RESET CAT TEMP RISE PEAK DETECT
Momentary button that resets the peak detectors.
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POST-CAT TEMP
POST-CAT TEMP
Displays the current pre-cat temperature (°F). Reads -100 °F if not configured.

POST-CAT TEMP PEAK HI
The highest value captured @5 ms since reset (°F).

POST-CAT TEMP PEAK LO
The lowest value captured @5 ms since reset (°F).

RESET POST-CAT TEMP PEAK DETECT
Momentary button that resets the peak detectors.

15-MINUTE AVERAGE POST-HEGO

15-MINUTE AVERAGE POST-HEGO

Displays the current average post-HEGO measurement (mV).
Reads current buffer average when buffer is not full.

15-MINUTE AVERAGE VALID
LED that indicates the buffer is full and the average is valid.

15-MINUTE AVERAGE CLEAR BUFFER
Momentary button that resets the buffer count to one.

15-MINUTE EXCURSION PEAK HI
The highest value captured @5 ms since reset (mV).

15-MINUTE EXCURSION PEAK LO
The lowest value captured @5 ms since reset (mV).

RESET 15-MINUTE EXCURSION PEAK DETECT
Momentary button that resets the peak detectors.

ENGINE FLOW INFO
Qmix
Displays the current engine flow estimate (scfm).

VOLUMETRIC EFF
VE table output (%).

MAP PERCENT OF FULL LOAD
MAP AT FULL LOAD / current MAP X 100 (%).

SPEED PERCENT OF FULL LOAD
RATED SPEED / current Speed X 100 (%).

VIEW VOLUMETRIC EFFICIENCY *
A toggle button that switches the display between VE table and 15-MIN
AVG/CAT PRESSURE.

VOLUMETRIC EFFICIENCY TABLE *
5 x 5 lookup table SPEED%(%) vs. LOAD% (%) vs. VE (%) which provides the
VE estimate for the Qmix calculation.

VE AT CURRENT SPEED AND LOAD
The current VE table output (%).
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CAT DP
Catalyst Differential pressure based on one dP sensor or pre/post-cat pressure
difference.

CATDP
Displays the current catalyst differential pressure (“H20d).

CAT DP PEAK HI
The highest value captured @5 ms since reset (“H20d).

CAT DP PEAK LO
The lowest value captured @5 ms since reset (“H20d).

RESET CAT DP PEAK DETECT
Momentary button that resets the peak detectors.

PRE-CAT PRESS
PRE-CAT PRESS
Displays the current pre-cat pressure (“H20).

PRE-CAT PRESS PEAK HI
The highest value captured @5 ms since reset (“H20).

PRE-CAT PRESS PEAK LO
The lowest value captured @5 ms since reset (“H20).

RESET PRE-CAT PRESS PEAK DETECT
Momentary button that resets the peak detectors.

Speed Control

Start
This page shows important engine start and control information.

SPEED CONTROL
SPEED REFERENCE
Displays the current Speed setpoint (RPM).

ACTUAL SPEED
The speed that the control PID uses to control the throttle(s) (RPM). This speed
is filtered using a dynamic rotational filter using sampling and averaging.

RAW SPEED
The Raw Speed is used for speed switches that control the E3 sequencing
(RPM).

THROTTLE DEMAND
Readout that indicates the command sent to the throttle (%).

IDLE TIME WAITING
Indication of the time remaining for the Idle Delay (sec).

START SETTINGS

PURGE TIME *

Sets the time delay for the engine to expel explosive mixtures through the intake
and exhaust before the ignition is activated (sec).
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START FUEL LIMIT *

The value the throttle is set upon start (%). The throttle stays at this value until
the engine reaches RUN SPEED at which the throttle will ramp up at the START
RAMP rate.

START RAMP *
The rate that the throttle will increase after the RUN SPEED is exceeded
(%l/sec).

IDLE WAIT TIME *
The time delay after which the engine speed reaches idle that the control will
ramp to RATED speed id in Generator Mode (sec).

MAXIMUM FUEL LIMITER *
The maximum value the throttle demand will go to (%). This acts as an electronic
limiter or troubleshooting tool.

INPUTS

RUN

LED indicating the RUN input status, throttle or Fuel Trim Valve will not open if
RUN is not active.

IDLE
LED indicating the IDLE input status; active only in generator mode, the IDLE
input will ramp the speed reference to the MIN SPEED setpoint.

LOWER
LED indicating the LOWER input status; the LOWER input allows discrete
remote control of the speed reference.

RAISE
LED indicating the RAISE input status; the RAISE input allows discrete remote
control of the speed reference.

IGNITION FIRING
LED indicating the IGNITION FIRING input status; the IGNITION input allows the
FUEL VALVE to open.

STATUS
ENGINE STOPPED
LED indicating the ENGINE STOPPED internal speed switch status.

ENGINE CRANKING
LED indicating the ENGINE CRANKING internal speed switch status.

ENGINE RUNNING
LED indicating the ENGINE RUNNING internal speed switch status.

IGNITION SHUTDOWN

LED indicating the IGNITION SHUTDOWN output status; the IGNITION input
and RUN input must be active and the engine must be rolling for the PURGE
TIME to allow the IGNITION SHUTDOWN to be deactivated.

FUEL SHUTOFF VALVE OPEN

LED indicating the FUEL SHUTOFF VALVE output status; if the FUEL
SHUTOFF VALVE is open then the Throttle and Fuel Trim Valve will be allowed
to open.
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SPEED PEAK DETECT
SPEED PEAK HI
The highest value captured @5 ms since reset.

SPEED PEAK LO
The lowest value captured @5 ms since reset.

RESET SPEED PRESS PEAK DETECT
Momentary button that resets the peak detectors.

DYNAMICS SELECTED

PROP GAIN SELECTED

A text box indicating the status of the Prop Gain Dynamics selection; possible
states are “FIXED”, “DYNAMICS 1”7, “DYNAMICS 27, or “DYNAMICS 3”.

INT GAIN SELECTED
A text box indicating the status of the Int Gain Dynamics selection; possible
states are “FIXED”, “DYNAMICS 17, “DYNAMICS 27, or “DYNAMICS 3”.

SDR SELECTED
A text box indicating the status of the SDR Dynamics selection; possible states
are “FIXED”, “DYNAMICS 17, “DYNAMICS 27, or “DYNAMICS 3”.

SPEED FRACTION
Displays the fraction of the base gain that is developed by the SPEED BIASED
DYNAMICS.

FIXED DYNAMICS

P GAIN *

This setting allows the user to select a constant P GAIN setting by checking the
box.

| GAIN *
This setting allows the user to select a constant | GAIN setting by checking the
box.

SDR *
This setting allows the user to select a constant SDR setting by checking the box.

LSS BUS STATUS
A bar graph that illustrates the throttle control LSS bus; LEDs indicate which
input is in control of the throttle command.

ouT
The output of the speed control Low Signal Select (LSS) Bus (%); this signal is
used to drive the throttle.

PID
The output of the PID going into the LSS bus.

LOAD REJ
The LOAD REJECTION logic output (%).

MAX
The MAX FUEL LIMITER value into the LSS (%).

SFL
The START FUEL LIMIT value into the LSS (%).
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TRIM VALVE CONTROL
Select AFR trim settings to allow for start adjustments.

AFR MODE REQUEST *
Dropdown box that that selects the Air/Fuel Ratio Mode.

TRIM VALVE START POSITION *
The position the Fuel Trim Valve goes during start (%).

MANUAL POSITION *

The setting that allows the commissioning engineer to manipulate the trim valve
during setup and troubleshooting (%). NOTE: The Manual Position setting tracks
the previous trim valve position for bumpless transition into manual mode.

FIXED DYNAMICS

FIXED DYNAMICS

This page allows the user to use the fixed dynamics to tune the speed control
loop and map the dynamics to the engine operating range without concern about
the automatic mapping exhibited on the other dynamics settings.

PROP GAIN *
The Proportional Gain of the Post-Cat Control Loop, decreasing the Prop Gain
will reduce the response of the control loop. See PID control section.

INT GAIN *
The Integral Gain of the Post-Cat Control Loop, decreasing the Int Gain will slow
the response of the control loop. See PID control section.

SDR *
The SDR of the Post-Cat Control Loop. See PID control section.

SELECT FIXED

FIXED PROP GAIN *

This setting allows the user to select a constant P GAIN setting by checking the
box.

FIXED INT GAIN *
This setting allows the user to select a constant | GAIN setting by checking the
box.

FIXED SDR *
This setting allows the user to select a constant SDR setting by checking the box.

ACTUAL DYNAMICS
Displays the readout of the actual dynamics values used by the PID.

PROP GAIN *
Readout of the actual P GAIN used by the Speed Control PID.

INT GAIN *
Readout of the actual | GAIN used by the Speed Control PID.

SDR *
Readout of the actual SDR used by the Speed Control PID.
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DYNAMICS SELECTED

PROP GAIN *

A text box indicating the status of the Prop Gain Dynamics selection; possible
states are “FIXED”, “DYNAMICS 1”7, “DYNAMICS 27, or “DYNAMICS 3”.

INT GAIN *
A text box indicating the status of the Int Gain Dynamics selection; possible
states are “FIXED”, “DYNAMICS 17, “DYNAMICS 27, or “DYNAMICS 3”.

SDR *
A text box indicating the status of the SDR Dynamics selection; possible states
are “FIXED”, “DYNAMICS 17, “DYNAMICS 27, or “DYNAMICS 3.

SPEED FRACTION *
Displays the fraction of the base gain that is developed by the SPEED BIASED
DYNAMICS.

SPEED PEAK DETECT
SPEED PEAK HI
The highest value captured @5 ms since reset (RPM).

SPEED PEAK LO
The lowest value captured @5 ms since reset (RPM).

RESET SPEED PRESS PEAK DETECT
Momentary button that resets the peak detectors.

DYNAMICS 1

SPEED CONTROL DYNAMICS 1
Dynamics 1 is used for Generator Breaker Open or most mechanical Drive
applications.

GAIN RATIO *
The value of the Prop Gain multiplier when the absolute value of the speed error
is greater than the WINDOW WIDTH.

WINDOW WIDTH *

The Speed Error window that switches on the GAIN RATIO (RPM). This helps
give a low P GAIN at steady state and a high P GAIN during speed excursions
(transients).

WINDOW ACTIVE *
LED indicator that displays when the Speed Error is outside the WINDOW
WIDTH and the P GAIN is multiplied by the GAIN RATIO.

DYN INDEX *
Readout of the Dynamics Index Value

DYN INDEX SELECT *
A drop down selection box that allows the dynamics mapping to be driven by
different indices. Allowable values are: THROTTLE, Qmix, or LOAD INPUT.

MAPPED PROP GAIN 1
2 x 5 lookup table DYN INDEX vs. PROP GAIN allows a non-linear gain mapped
over the operating range of the engine.
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MAPPED INT GAIN 1
2 x 5 lookup table DYN INDEX vs. INT GAIN allows a non-linear gain mapped
over the operating range of the engine.

MAPPED SDR 1
2 x 5 lookup table DYN INDEX vs. SDR allows a non-linear mapping over the
operating range of the engine.

UTILITY BREAKER
LED indicating the Utility breaker input status, the Utility breaker allows the
controller to go into internal Base Load Control.

GEN BREAKER
LED indicating the Generator breaker input status, the Generator breaker
switches the controller into DYNAMICS 2 when closed.

SPEED FRACTION
Displays the fraction of the base gain that is developed by the SPEED BIASED
DYNAMICS logic.

SPEED PEAK DETECT
SPEED PEAK HI
The highest value captured @5 ms since reset.

SPEED PEAK LO
The lowest value captured @5 ms since reset.

RESET SPEED PRESS PEAK DETECT
Momentary button that resets the peak detectors.

COLD DYNAMICS

A cold engine Proportional Gain, a cold engine temperature (based on ECT), and
a warm engine temperature are tunable. The Proportional Gain runs at the cold
gain at the cold temp and is linearly interpolated as temperature increases and
levels out to be equal to the normal Prop gain above the warm temp.

ENABLE COLD DYNAMICS *
Select this checkbox to enable the COLD DYNAMICS function.

COLD GAIN FRACTION *
Readout of the Cold Gain Fraction developed by the COLD DYNAMICS function.

COLD DYNAMICS TEMP *

The temperature that exhibits the PROP GAIN FRACTION @COLD (°F). The
PROP GAIN fraction will stay at that level even though the temperature goes
lower.

PROP GAIN FRACTION @COLD *
The fraction that the PROP GAIN will be multiplied by when the ECT is at or
lower than the COLD DYNAMICS TEMP.

WARM DYNAMICS TEMP *
The Temperature that the PROP GAIN fraction will equal 1.0 (°F). If the ECT
goes above this temperature the PROP GAIN fraction will remain at 1.0.

ACTUAL DYNAMICS
PROP GAIN
Readout of the actual P GAIN the Control PID is using.
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INT GAIN
Readout of the actual | GAIN the Control PID is using.

SDR
Readout of the actual SDR the Control PID is using.

DYNAMICS SELECTED
Select AFR trim settings to allow for start adjustments.

PROP GAIN *
A text box indicating the status of the Prop Gain Dynamics selection; possible
states are “FIXED”, “DYNAMICS 17, “DYNAMICS 27, or “DYNAMICS 3”.

INT GAIN *
A text box indicating the status of the Int Gain Dynamics selection; possible
states are “FIXED”, “DYNAMICS 17, “DYNAMICS 2", or “DYNAMICS 3”.

SDR *
A text box indicating the status of the SDR Dynamics selection; possible states
are “FIXED”, “DYNAMICS 17, “DYNAMICS 2, or “DYNAMICS 3.

DYNAMICS 2

SPEED CONTROL DYNAMICS 2
Dynamics 2 is used for Generator Breaker Closed or mechanical Drive
applications with a need for a second set of dynamics.

GAIN RATIO *
The value of the Prop Gain multiplier when the absolute value of the speed error
is greater than the WINDOW WIDTH.

WINDOW WIDTH *

The Speed Error window that switches on the GAIN RATIO (RPM). This helps
give a low P GAIN at steady state and a high P GAIN during speed excursions
(transients).

WINDOW ACTIVE *
LED indicator that displays when the Speed Error is outside the WINDOW
WIDTH and the P GAIN is multiplied by the GAIN RATIO.

DYN INDEX *
Readout of the Dynamics Index Value

DYN INDEX SELECT *
A drop down selection box that allows the dynamics mapping to be driven by
different indices. Allowable values are: THROTTLE, Qmix, or LOAD INPUT.

MAPPED PROP GAIN 2
2 x 5 lookup table DYN INDEX vs. PROP GAIN allows a non-linear gain mapped
over the operating range of the engine.

MAPPED INT GAIN 2
2 x 5 lookup table DYN INDEX vs. INT GAIN allows a non-linear gain mapped
over the operating range of the engine.

MAPPED SDR 2
2 x 5 lookup table DYN INDEX vs. SDR allows a non-linear mapping over the
operating range of the engine.
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UTILITY BREAKER
LED indicating the Utility breaker input status, the Utility breaker allows the
controller to go into internal Base Load Control.

GEN BREAKER
LED indicating the Generator breaker input status, the Generator breaker
switches the controller into DYNAMICS 2 when closed.

SPEED FRACTION
Displays the fraction of the base gain that is developed by the SPEED BIASED
DYNAMICS logic.

SPEED PEAK DETECT
SPEED PEAK HI
The highest value captured @5 ms since reset.

SPEED PEAK LO
The lowest value captured @5 ms since reset.

RESET SPEED PRESS PEAK DETECT
Momentary button that resets the peak detectors.

COLD DYNAMICS

The COLD DYNAMICS option maps the PROP GAIN to Engine Coolant
Temperature (ECT) to permit a lower PROP GAIN setting during cold engine
operation.

ENABLE COLD DYNAMICS *
Select this checkbox to enable the COLD DYNAMICS function.

COLD GAIN FRACTION *
Readout of the Cold Gain Fraction developed by the COLD DYNAMICS function.

COLD DYNAMICS TEMP *

The temperature that exhibits the PROP GAIN FRACTION @COLD (°F). The
PROP GAIN fraction will stay at that level even though the temperature goes
lower.

PROP GAIN FRACTION @COLD *
The fraction that the PROP GAIN will be multiplied by when the ECT is at or
lower than the COLD DYNAMICS TEMP.

WARM DYNAMICS TEMP *
The Temperature that the PROP GAIN fraction will equal 1.0 (°F). If the ECT
goes above this temperature the PROP GAIN fraction will remain at 1.0.

ACTUAL DYNAMICS
PROP GAIN
Readout of the actual P GAIN the Control PID is using.

INT GAIN
Readout of the actual | GAIN the Control PID is using.

SDR
Readout of the actual SDR the Control PID is using.

DYNAMICS SELECTED
Select AFR trim settings to allow for start adjustments.
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PROP GAIN *
A text box indicating the status of the Prop Gain Dynamics selection; possible
states are “FIXED”, “DYNAMICS 1”7, “DYNAMICS 27, or “DYNAMICS 3”.

INT GAIN *
A text box indicating the status of the Int Gain Dynamics selection; possible
states are “FIXED”, “DYNAMICS 17, “DYNAMICS 27, or “DYNAMICS 3”.

SDR *
A text box indicating the status of the SDR Dynamics selection; possible states
are “FIXED”, “DYNAMICS 17, “DYNAMICS 27, or “DYNAMICS 3.

TRANSIENT COMPENSATION

LOAD REJECTION

This page is used to adjust the LOAD REJECTION feature, which can help the
engine successfully endure large load dumps while keeping the engine running
without exceeding its overspeed level.

USE CIRCUIT BREAKER FEED-FORWARD *

This selects the Circuit-breaker feed-forward aspect of the logical Load rejection.
This function causes the throttle to go to a pre-programmed setpoint when the
Generator Circuit Breaker is opened while the MAP pressure is above a pre-
programmed level.

USE LOGICAL OVERSPEED *

This selects the Logical Overspeed aspect of the logical Load rejection. This
function causes the throttle to go to a pre-programmed setpoint when the Engine
Speed reaches a high threshold while the MAP pressure is above a pre-
programmed level.

GENERATOR BREAKER
LED indicating the Generator Breaker status.

REJECTION TIME DURATION *
The duration that the Throttle is held after a Load Rejection Event is detected
(sec).

REJECTION MAP THRESHOLD *
The MAP level that the engine must be above to trigger the Load Rejection Event

(psia).

REJECTION THROTTLE POSITION *
The Throttle position that the Load Rejection function forces for the REJECTION
TIME DURATION when the Load Rejection Event is triggered (%).

LOGICAL OVERSPEED LEVEL *
The speed above Rated and below overspeed that will trigger the Load Rejection
Event when enabled (RPM).

LOAD REJECTION ACTIVE
LED indication of the Load Rejection status.

SPEED PEAK DETECT
SPEED PEAK HI
The highest value captured @5 ms since reset.
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SPEED PEAK LO
The lowest value captured @5 ms since reset.

RESET SPEED PRESS PEAK DETECT
Momentary button that resets the peak detectors.

LOAD CONTROL

This page allows monitoring of the LOAD CONTROL PID and Load Reference
functions.

LOAD PID
LOAD REFERENCE
Readout of the current LOAD REFERENCE (RPM).

GEN LOAD
Readout of the current LOAD measurement from the LOAD Input (kW).

THROTTLE DEMAND
The current Throttle demand (%).

LOAD PID STATUS
PID IN CONTROL
LED indicator that the LOAD CONTROL PID is in control of the LSS bus.

MAX LIMITER IN CONTROL
LED indicator that the MAX LIMITER is in control of the LSS bus.

BREAKER POSITIONS
GENERATOR BREAKER CLOSED
LED feedback of the Generator Breaker position.

UTILITY BREAKER CLOSED
LED feedback of the Utility Breaker position.

LOAD SETPOINT SELECTED
This section allows monitoring of the LOAD REFERENCE ramp.

ZERO LOAD SELECTED
LED indicator that Zero Load is selected.

TRACKED LOAD SELECTED
LED indicator that the Load Reference, has activated and locked in the load
reference at the previous position.

MAXIMUM LOAD SELECTED
LED indicator that MAX LOAD is selected.

REMOTE REF SELECTED
LED indicator that LOAD CONTROL REMOTE REFERENCE is selected.

LOWER LOAD REF
LED indicator that the LOWER LOAD INPUT is selected.

RAISE LOAD REF
LED indicator that the RAISE LOAD INPUT is selected.
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DYNAMICS SELECTED

PROP GAIN *

A text box indicating the status of the Prop Gain Dynamics selection; possible
states are “FIXED”, “DYNAMICS 1”7, “DYNAMICS 27, or “DYNAMICS 3”.

INT GAIN *
A text box indicating the status of the Int Gain Dynamics selection; possible
states are “FIXED”, “DYNAMICS 17, “DYNAMICS 27, or “DYNAMICS 3”.

SDR *
A text box indicating the status of the SDR Dynamics selection; possible states
are “FIXED”, “DYNAMICS 17, “DYNAMICS 27, or “DYNAMICS 3.

SPEED PEAK DETECT
SPEED PEAK HI
The highest value captured @5 ms since reset.

SPEED PEAK LO
The lowest value captured @5 ms since reset.

RESET SPEED PRESS PEAK DETECT
Momentary button that resets the peak detectors.

LOAD DYNAMICS
Use this page to tune and setup the E3 internal Load Control.

LOAD CONTROL DYNAMICS

GAIN RATIO *

The value of the Prop Gain multiplier when the absolute value of the load error is
greater than the WINDOW WIDTH.

WINDOW WIDTH *

The Speed Error window that switches on the GAIN RATIO (kW). This helps give
a low P GAIN at steady state and a high P GAIN during load excursions
(transients).

WINDOW ACTIVE *
LED indicator that displays when the Load Error is outside the WINDOW WIDTH
and the P GAIN is multiplied by the GAIN RATIO.

LOAD
Readout of the Load Input (kW).

MAPPED PROP GAIN 3
2 x 5 lookup table Load (kW) vs. PROP GAIN allows a non-linear gain mapped
over the operating range of the engine.

MAPPED INT GAIN 3
2 x 5 lookup table Load (kW) vs. INT GAIN allows a non-linear gain mapped over
the operating range of the engine.

MAPPED SDR 3
2 x 5 lookup table Load (kW) vs. SDR allows a non-linear mapping over the
operating range of the engine.
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SPEED PEAK DETECT
SPEED PEAK HI
The highest value captured @5 ms since reset.

SPEED PEAK LO
The lowest value captured @5 ms since reset.

RESET SPEED PRESS PEAK DETECT
Momentary button that resets the peak detectors.

LOAD CONTROL PERMISSIVES
GENERATOR BREAKER CLOSED
LED readout of the Generator Breaker Status

UTILITY BREAKER CLOSED
LED readout of the Utility Breaker Status

KW DYNAMICS ACTIVE
LED readout indicating that internal Load Control is active.

ACTUAL DYNAMICS
PROP GAIN
The highest value captured @5 ms since reset.

INT GAIN
The lowest value captured @5 ms since reset.

SDR
The highest value captured @5 ms since reset.

DYNAMICS SELECTED
Select AFR trim settings to allow for start adjustments.

PROP GAIN
Readout of the actual P GAIN the Control PID is using.

INT GAIN
Readout of the actual | GAIN the Control PID is using.

SDR
Readout of the actual SDR the Control PID is using.

Engine Performance

BANK BALANCING

BANK BALANCE MONITOR GRAPHICS
A series of bar graphs to indicate the balance of key parameters.

Qmix BALANCE
This is a bar graph showing the Qmix of each bank (scfm)

MANIFOLD PRESSURE BALANCE
This is a bar graph showing the MAP of each bank (psia).

MANIFOLD TEMP BALANCE
This is a bar graph showing the MAT for each bank (°F).
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THROTTLE BALANCE
This is a bar graph showing the Throttle command for each bank (%).

Qmix DIFFERENCE GAUGE
A circular gauge indicating the difference in Qmix between the banks (scfm).

BALANCE BIAS GAUGE
A circular gauge indicating the Bank Balance PID command to Bank 2 (%).

BANK BALANCE SETTINGS

BANK BALANCE SETPOINT OFFSET *

The setpoint for the Bank Balance PID (%). Changing this will allow the user to
intentionally unbalance the banks to test balancing dynamics.

RUN DELAY PERMISSIVE *
The delay after engine run that the balancing will activate.

TRIM RANGE *

This value establishes the maximum adjustment that can be made to correct for
imbalance conditions (%). This is the max trim adjustment that the balancing PID
will make at 100%.

PROP GAIN *
The Proportional Gain of the Pre-Cat Control Loop, decreasing the Prop Gain will
reduce the response of the control loop. See PID control section.

INT GAIN *
The Integral Gain of the Pre-Cat Control Loop, decreasing the Int Gain will slow
the response of the control loop. See PID control section.

SDR *
The SDR of the Pre-Cat Control Loop. See PID control section.

THROTTLE 2 OFFSET

This table is an open loop correction table; it accepts Throttle 1 command and
outputs a correction. This correction is added to Throttle 1 command and sent to
Throttle 2. This table is active when the Bank Balancing is inactive and is the
manual throttle balance calibration.

TABLE IN
Readout of Throttle 1 Demand (%).

THROTTLE 2 OFFSET TABLE *
2 x 6 lookup table Throttle 1 Demand (%) vs. Correction factor (%) allows a non-
linear mapping of the throttle differences over the operating range of the engine.

TABLE OUT
Readout of the THROTTLE 2 OFFSET TABLE (%).

PID OUT
Readout of the Bank Balance PID (-100% to 100%).

BALANCE PERMISSIVE
All the permissives must be TRUE for the Bank Balance PID to activate.

ENABLE BANK BALANCE *
Manual Enable/Disable for Bank Balance.
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BALANCING ENABLED
LED that indicates Bank Balancing is enabled.

SENSORS OK
LED indicating both MAP sensors are not faulted.

RUN DELAY
LED indicating the engine has been running for at least the time indicated by the
tunable RUN DELAY PERMISSIVE.

RUN TIME REMAINING
Countdown timer indicating the remaining time for the BANK BALANCE RUN
DELAY (sec).

LOW LIM
LED indicating the Bank Balance PID is on the Low Limit (-100%).

HI LIM
LED indicating the Bank Balance PID is on the High Limit (+100%).

AL90 BANK BALANCE HIGH LIMIT
LED alarm indication, this alarm activates when the PID has been on the limit for
the tunable delay time.

AL91 BANK BALANCE LO LIMIT
LED alarm indication, this alarm activates when the PID has been on the limit for
the tunable delay time.

MISFIRE

Global misfire detection based on instantaneous crank angle velocity (ICAV)
measurement has the capability of detecting persistent misfire of any cylinder.
The individual misfiring cylinder is not identified.

MISFIRE FAULT
MISFIRE DETECTED
LED indicating that the misfire level is above the fault threshold.

MISFIRE LEVEL

Readout of the Misfire level (RPM/sec”2), a measure of the irregularity of the
engine crank speed signal based on the number of cylinders entered in
SAMPLES.

MISFIRE TABLE INDEX *
An indicator of the Misfire Table index value, available indices are: THROTTLE,
Qmix, or LOAD INPUT.

MISFIRE INDEX PERMISSIVE *
The threshold that the MISFIRE INDEX must be above to enable the Misfire
Faults.

ENABLE ALARM *
Set this TRUE to enable the Misfire Alarm.

ENABLE SHUTDOWN *
Set this TRUE to enable the Misfire Shutdown.
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FAULT DELAY ALARM *
The delay the misfire condition must stay TRUE before an alarm is activated
(sec).

FAULT DELAY SHUTDOWN *
The delay the misfire condition must stay TRUE before a shutdown is activated
(sec).

ACTIVE FAULT LEVEL ALARM
The current Misfire Alarm threshold.

ACTIVE FAULT LEVEL SHUTDOWN
The current Misfire Shutdown threshold.

MISFIRE SETUP

SAMPLES

Readout of the SAMPLE tunable, use the offline editor to enter the number of
engine cylinders or integral divisor.

MISFIRE INDEX SELECT *
A drop down selection box that allows the Misfire Fault mapping to be driven by
different indices. Allowable values are: THROTTLE, Qmix, or LOAD INPUT.

MISFIRE FILTER
MISFIRE FILTER ENABLE *
Check this box to enable the Misfire Filter, uncheck and the filter is bypassed.

MISFIRE FILTER *
The Misfire Signal filter value (sec). Increasing this parameter smoothes the
signal but slows response.

MISFIRE FTV HOLD

When a misfire occurs for longer than a tunable delay AND the control is in one
of the closed-loop modes the Fuel Trim Valve is held in place. The FTV resumes
normal control when the MISFIRE condition is false for a tunable amount of time.

MISFIRE FTV HOLD ENABLE *
Set this TRUE to enable the FTV HOLD function.

MISFIRE FTV HOLD ACTIVE
LED indicating the FTV HOLD function is currently active.

MISFIRE THRESHOLDS

MISFIRE ALARM THRESHOLD TABLE *

2 x 5 lookup table Misfire Index () vs. Alarm Level (RPM/sec”2) allows a non-
linear mapping of the fault threshold over the operating range of the engine.

MISFIRE SD THRESHOLD TABLE *
2 x 5 lookup table Misfire Index () vs. Shutdown Level (RPM/sec”2) allows a non-
linear mapping of the fault threshold over the operating range of the engine.

MISFIRE PEAK DETECT
MISFIRE PEAK HI
The highest value captured @5 ms since reset.

MISFIRE PEAK LO
The lowest value captured @5 ms since reset.
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RESET MISFIRE PRESS PEAK DETECT
Momentary button that resets the peak detectors.

SPEED PEAK DETECT
SPEED PEAK HI
The highest value captured @5 ms since reset.

SPEED PEAK LO
The lowest value captured @5 ms since reset.

RESET SPEED PRESS PEAK DETECT
Momentary button that resets the peak detectors.

Ignition
IGNITION ADVANCE

IGNITION ADVANCE TABLES

IGNITION ADVANCE TABLE *

15 x 11 lookup table Engine Speed (RPM) vs. MAP% (% FULL LOAD) vs. Timing
advance (°"BTDC) allows a non-linear mapping of the timing setpoint over the
operating range of the engine.

BASE TIMING
Readout of the IGNITION ADVANCE TABLE (°BTDC)

TOTAL TIMING
The Total Timing is the IGNITION ADVANCE TABLE + COOLANT TEMP
ADVANCE + GLOBAL ADVANCE.

GLOBAL TIMING
This is the total timing sent to the ignition system (°BTDC)

BASE ADVANCE FROM TABLE
The timing from the IGNITION ADVANCE TABLE (°BTDC).

COOLANT TEMP ADVANCE
The timing from the ECT ADVANCE TABLE (°ADV).

GLOBAL ADVANCE *
Manual Advance/Retard (°ADV).

MINIMUM ADVANCE LIMIT
The minimum advance/retard limit for the GLOBAL TIMING (°BTDC).

MAXIMUM ADVANCE LIMIT
The maximum advance limit for the GLOBAL TIMING (°BTDC).

IC-92X CAN STATUS
IC-92X NODE ONLINE
LED indication that the 1C-92X is communicating online.

IC-92X NODE WATCHDOG
LED indication that the 1C-92X is activated but not communicating online.
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IC-92X EVENTS
ERROR NUMBER OF TEETH
LED indication of the 1C-92X fault not latched.

WAIT FOR 0 RPM
LED indication of the IC-92X fault not latched.

WARNING MISSING RING GEAR SIGNAL
LED indication of the IC-92X fault not latched.

WARNING MISSING RESET SIGNAL
LED indication of the 1C-92X fault not latched.

WARNING MISSING CAMSHAFT SIGNAL
LED indication of the 1C-92X fault not latched.

IC-92X WITH J1939

IC-92X ADDRESS *

The J1939 Address for the IC-92X in the system, the unit address can be found
using the 1C-92X service tool.

ODD BANK ENERGY *
The energy command for the 1C-92X Odd Bank (%).

EVEN BANK ENERGY *
The energy command for the 1C-92X Even Bank (%).

IGNITION OFFSETS

MANUAL TIMING OFFSETS CYLINDER X *
This adds to the individual cylinder timing to allow independent timing offsets for
all available cylinders (°ADV). A positive offset advances that cylinder.

TOTAL TIMING CYLINDER X
Readout of the Total timing for each cylinder, this is what is read if a timing light
were placed on this cylinder (°BTDC).

ACTIVATE INDIVIDUAL OFFSETS *

Check this box to enable individual cylinder offsets. NOTE: this take effect
immediately so prepare for a shift in timing when this box is changed while the
engine is running.

FAULT LOG

GRID DISPLAY

The FAULT LOG displays the faults in a grid format with columns: FLASH ID,
FAULT, COUNT, FAULT STATE, EMISSIONS FAULT, EMISSIONS ACTIVE,
and RUN HOURS.

FLASH ID COLUMN
The FLASH ID column displays a unique identifier that corresponds to the MIL
FLASH CODE if enabled.

FAULT COLUMN
The FAULT column displays the Fault description.
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COUNT COLUMN
The COUNT column displays the number of times the fault has reoccurred
without being removed from the FAULT LOG.

FAULT STATE COLUMN
The FAULT STATE column displays the current state of the latched fault
INACTIVE/ACTIVE.

EMISSIONS FAULT COLUMN
The EMISSIONS FAULT column displays whether or not the fault is an
emissions related fault.

EMISSIONS ACTIVE COLUMN
The EMISSIONS ACTIVE column indicates TRUE if the fault is emissions related
and ACTIVE.

RUN HOURS COLUMN
The RUN HOURS column displays the engine RUN HOURS at the time of the
fault.

RESET INDIVIDUAL
Click this momentary button to clear selected INACTIVE faults from the FAULT
LOG.

RESET ALL
Click this momentary button to clear all INACTIVE faults from the FAULT LOG.

EXPORT
Click this momentary button to save the FAULT LOG to a text file.

FAULT RESET
Click this momentary button to send a fault reset pulse, all cleared ALARMS wiill
clear. The engine must be stopped to reset SHUTDOWN:Ss.

FIRST OUT SHUTDOWN
Text readout indicating the description of the first shutdown to trigger.

Inputs/Outputs
SYS INFO

SOFTWARE INFO
SYSTEM NAME
Text readout indicating the system name.

SOFTWARE PART #
Text readout indicating the software part number.

SOFTWARE REVISION
Text readout indicating the software revision.

ENGINE INFO

Text variables have been provided to enter user information regarding the
application. This page the variables are read only, to modify go to the CONFIG
SYS page. The information in these fields is for reference only and does not
affect system operation.
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ENGINE MAKE
Text readout indicating the ENGINE MAKE.

ENGINE MODEL
Text readout indicating the ENGINE MODEL.

ENGINE LICENSE
Text readout indicating the ENGINE LICENSE.

ENGINE SERIAL NUMBER
Text readout indicating the ENGINE SERIAL NUMBER.

ENGINE YEAR
Text readout indicating the ENGINE YEAR.

CONTROL STATUS
LAST RESET CAUSE
Text readout, this may be helpful for Woodward Support personnel.

TOTAL CPU LOAD
Text readout, this may be helpful for Woodward Support personnel.

CHASSIS TYPE
Text readout, this may be helpful for Woodward Support personnel.

CHASSIS CAPABILITY
Text readout, this may be helpful for Woodward Support personnel.

PCM VERSION
Text readout, this may be helpful for Woodward Support personnel.

BOOT VERSION
Text readout, this may be helpful for Woodward Support personnel.

MODEL NUMBER
Text readout, this may be helpful for Woodward Support personnel.

TEMP ALARM
LED indicating CPU temperature has exceeded the high threshold.

INPUT POWER STATUS
DRVP POWER INPUT
Readout indicating the Battery Input supply voltage.

KEY VOLTAGE +BATT
Readout indicating the KEYSWITCH INPUT supply voltage.

POWER ON
LED indicating Battery Voltage is OK.

KEY ON
LED indicating KEYSWITCH Voltage is OK.

AUX POWER SUPPLIES
TRANSDUCER POWER SUPPLY A +5

Readout indicating the TRANSDUCER POWER SUPPLY A +5 supply voltage
().
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TRANSDUCER POWER SUPPLY B +5
Readout indicating the TRANSDUCER POWER SUPPLY B +5 supply voltage
(V).

MEMORY STATUS

SAVING TO EEPROM

LED indicating the control is currently saving to EEPROM. NOTE: DO NOT
POWER OFF DURING EEPROM SAVE.

RAM AVAILABLE
Readout, this may be helpful for Woodward Support personnel.

CAL AVAILABLE
Readout, this may be helpful for Woodward Support personnel.

EEPROM AVAILABLE
Readout, this may be helpful for Woodward Support personnel.

FLASH AVAILABLE
Readout, this may be helpful for Woodward Support personnel.

CALIBRATION CHECKSUM

Readout of the CALIBRATION CHECKSUM, this will indicate the EEPROM
calibration memory integrity and will change if the contents of the EEPROM
memory changes.

FLASH CHECKSUM
Readout of the FLASH CHECKSUM, this will indicate the FLASH memory
integrity and will change if the contents of the FLASH memory changes.

MEMORY FAULTS

EE PRIMARY

LED indicating EE PRIMARY memory fault, this usually means the power was
lost during a EEPROM write. If EE SECONDARY is FALSE, then the backup was
loaded OK.

EE SECONDARY
LED indicating EE SECONDARY memory fault, this usually indicates a more
serious issue. If both EE FAULTS are TRUE then backup was NOT loaded OK.

FLASH
LED indicating FLASH memory fault, this usually indicates a serious issue.
Contact your Woodward agent for support.

RAM
LED indicating RAM memory fault, this usually indicates a serious issue. Contact
your Woodward agent for support.

ENGINE RUN HOURS
CURRENT ENGINE RUN
Readout of the current engine runtime.

PRESET ENGINE RUN HOURS *
Enables the user to preset engine hours to any value.

PRESET ENGINE RUN HOURS BUTTON
This momentary button commits the hours entered into PRESET ENGINE RUN
HOURS.
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NV LOG ALARM
LED indicating NV LOG fault, this may mean engine run time was lost. Contact
your Woodward agent for support.

NUM WRITES
Readout indicating the number of NV LOG writes, which gives EE memory
usage.

INPUTS OVERVIEW

DISCRETE INPUTS

To activate any Discrete Input, connect the signal input to ground. 18 internal
DISCRETE FUNCTIONSs are configured in Toolkit through an Enumerated
Dropdown box — Each Discrete input function will allow mapping to Modbus,
constants and 12 physical Discrete Inputs.

FUNCTION ACTIVE COLUMN
LED indication of the DISCRETE FUNCTION status.

DESCRIPTION COLUMN
Text description of the DISCRETE FUNCTION.

IO POINT COLUMN
Text indication of the IO point associated with the function.

DI STATUS
LED indication of each DISCRETE INPUT.

ANALOG INPUTS
ANALOG INPUT OK COLUMN
LED indicating the ANALOG FUNCTION is used and within voltage limits.

DESCRIPTION COLUMN
Text description of the ANALOG FUNCTION.

RAW INPUT COLUMN
The raw voltage going into the ANALOG FUNCTION.

IO POINT COLUMN
Text indication of the 10 point associated with the ANALOG FUNCTION.

OUTPUTS OVERVIEW

LOW SIDE DRIVER STATUS
FUNCTION ACTIVE COLUMN
LED indicating the Low-Side Output is energized.

DESCRIPTION COLUMN
Text description of the Low-Side Output function.

LOW SIDE DRIVER MONITOR
HEGO X HEATER DUTY CYCLE OUT
Readout of the HEGO Heater coil Driver Duty Cycle (%).

HEGO X HEATER PWM FREQUENCY
Readout of the HEGO Heater coil Driver Frequency (Hz).
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HEGO X HEATER CURRENT
Readout of the HEGO Heater coil current (ADC).

PWM ACTUATOR MONITOR
PWM ACT X DUTY CYCLE OUT
Readout of the PWM Out Driver Duty Cycle (%).

PWM ACT X FREQUENCY OUT
Readout of the PWM Driver Frequency (Hz).

1O - CAN

CAN PORT 1 - ENGINE CAN BUS

ENGINE CAN BUS OFF

LED indicating the CAN controller is in the BUS OFF state. A buss off condition is
often the result of a baud rate mismatch, reverse polarity wiring, shorted or open
wiring but can be caused by other conditions as well.

ENGINE CAN TRANSMIT WARNING
LED indicating CAN controller transmit error counter is greater than 96.

ENGINE CAN TRANSMIT ERROR
LED indicating CAN controller transmit error counter is greater than 127.

ENGINE CAN RECEIVE WARNING
LED indicating CAN controller receive error counter is greater than 96.

ENGINE CAN RECEIVE ERROR
LED indicating CAN controller receive error counter is greater than 127.

ENGINE CAN RED LED

LED indicating CAN status LED, OFF = CAN link operating within acceptable
parameters, Flash = A TX or RX Warning condition is active, or ON = A buss off
condition is active.

ENGINE CAN GREEN LED

LED indicating CAN status LED, OFF = CAN is disabled, Flash = The J1939
address claimed message was failed, or ON = The network (application level) is
working normally.

ENGINE CAN ONLINE

LED indicating the J1939 Address Claim process is successful. If another node
with a higher priority claims the same Node ID later, this field will transition to
FALSE and the DUP_ADDR will transition to TRUE.

ENGINE CAN DUPLICATE ADDRESS
LED indicating J1939 Address Claim process fails due to a duplicate address
(Node ID) detected on the network.

ENGINE CAN BUS LOAD

Readout of the current loading of the CAN_PORT in %. It will not be perfectly
accurate but gives a reasonable "real time" monitor of the network load. It has
some averaging to stabilize it. It should be used as a troubleshooting tool. No
network should be loaded more than 80% for reliable data transmission.
Networks used for control purposes should be loaded as little as possible to
ensure repeatable, timely delivery of messages.
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ENGINE CAN RX/TX ERRORS
Readout of the cumulative number of network errors. It will be reset to 0 upon
initialization, CAN RESET, or counter rollover.

ENGINE CAN TRANSMIT OVERFLOW

Readout displaying the total transmit messages dropped due to buffer overflow. If
this field is increasing, then the data you are trying to transmit is not going out on
the wire.

ENGINE CAN RECEIVE OVERFLOW
Readout displaying the total receive messages dropped due to buffer overflow. If
this field is increasing, then the receive buffer may not be large enough.

RESET CAN 1 BUS

Momentary button that when pressed, shuts down the J1939 protocol and
reinitializes it with the current protocol settings. This reset input will also reset the
FAULT and STATUS outputs. Arbitration for network access and node ID usage
will be repeated.

CAN PORT 1 - J1939 STATUS
J1939 NODE WATCHDOG
LED indication that the J1939 Node is activated but not communicating online.

J1939 NODE ONLINE
LED indication that the J1939 Node is communicating online.

CAN PORT 2 - ENGINE CAN BUS

ENGINE CAN BUS OFF

LED indicating the CAN controller is in the BUS OFF state. A buss off condition is
often the result of a baud rate mismatch, reverse polarity wiring, shorted or open
wiring but can be caused by other conditions as well.

ENGINE CAN TRANSMIT WARNING
LED indicating CAN controller transmit error counter is greater than 96.

ENGINE CAN TRANSMIT ERROR
LED indicating CAN controller transmit error counter is greater than 127.

ENGINE CAN RECEIVE WARNING
LED indicating CAN controller receive error counter is greater than 96.

ENGINE CAN RECEIVE ERROR
LED indicating CAN controller receive error counter is greater than 127.

ENGINE CAN RED LED

LED indicating CAN status LED, OFF = CAN link operating within acceptable
parameters, Flash = A TX or RX Warning condition is active, or ON = A buss off
condition is active.

ENGINE CAN GREEN LED

LED indicating CAN status LED, OFF = CAN is disabled, Flash = The J1939
address claimed message was failed, or ON = The network (application level) is
working normally.

ENGINE CAN ONLINE

LED indicating the J1939 Address Claim process is successful. If another node
with a higher priority claims the same Node ID later, this field will transition to
FALSE and the DUP_ADDR will transition to TRUE.

Woodward 117



E3 Stoichiometric Control System Manual 26473

ENGINE CAN DUPLICATE ADDRESS
LED indicating J1939 Address Claim process fails due to a duplicate address
(Node ID) detected on the network.

ENGINE CAN BUS LOAD

Readout of the current loading of the CAN_PORT in %. It will not be perfectly
accurate but gives a reasonable "real time" monitor of the network load. It has
some averaging to stabilize it. It should be used as a troubleshooting tool. No
network should be loaded more than 80% for reliable data transmission.
Networks used for control purposes should be loaded as little as possible to
ensure repeatable, timely delivery of messages.

ENGINE CAN RX/TX ERRORS
Readout of the cumulative number of network errors. It will be reset to 0 upon
initialization, CAN RESET, or counter rollover.

ENGINE CAN TRANSMIT OVERFLOW

Readout displaying the total transmit messages dropped due to buffer overflow. If
this field is increasing, then the data you are trying to transmit is not going out on
the wire.

ENGINE CAN RECEIVE OVERFLOW
Readout displaying the total receive messages dropped due to buffer overflow. If
this field is increasing, then the receive buffer may not be large enough.

RESET CAN 2 BUS

Momentary button that when pressed, shuts down the J1939 protocol and
reinitializes it with the current protocol settings. This reset input will also reset the
FAULT and STATUS outputs. Arbitration for network access and node ID usage
will be repeated.

IO — EASY GEN J1939

easYgen CAN WRITE SETUP
USE easYgen OVER CAN *
Check this box to use easYgen over J1939 CAN.

ENABLE AL 1451 - easYgen STOP COMMAND *
Check this box to allow the easYgen to issue a Normal Stop command to the E3,
USE easYgen OVER CAN must be TRUE.

MONITOR easYgen CAN VALUES
SPN 970 - ENGINE AUX SHUTDOWN
LED indicating the J1939 message is TRUE.

SPN 3545 - GENERATOR CIRCUIT BREAKER STATUS
LED indicating the J1939 message is TRUE.

SPN 3546 - UTILITY CIRCUIT BREAKER STATUS
LED indicating the J1939 message is TRUE.

SPN2452 - GENERATOR TOTAL REAL POWER
Readout of the J1939 Real Power Message (W).

GENERATOR POWER
Readout of the Generator Load for internal use (kW).
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ENGINE RATED POWER *
Tunable value setting the MAX LOAD scaling (kW).

DESIRED POWER

Readout of the J1939 Woodward Proprietary Desired Power Message PGN
65403 with bits and scaling the same as the Generator power message PGN
65029 (kW).

DROOP MODE
Text readout of the J1939 Droop Request SPN 2881, possible states: “DROOP”
or “ISOCHRONOUS".

easYgen CAN SPEED SETPOINT
SPN 189 - ENGINE RATED SPEED
Readout of the J1939 Rated Speed from easYgen (RPM).

SPN 3938 - GENERATOR GOVERNING SPEED BIAS
Readout of the J1939 Speed Bias (%).

SPEED REFERENCE
Readout of the total Speed reference due to easYgen and is equal to SPN 189
Rated + (SPN 3938 Spd Bias * SPEED BIAS SCALING/100)

SPEED BIAS SCALING *
Tunable value to scale the Speed Bias signal to RPM (RPM/100%).

easYgen CAN ALARM/SHUTDOWN

AL1450 - EXTERNAL CAN COMM TIMEOUT

LED indicates the watchdog has expired and the easYgen is not communicating
with the E3 control.

AL1451 - EXTERNAL CAN SHUTDOWN COMMAND
LED indicates the EXTERNAL CAN SHUTDOWN COMMAND is latched to
shutdown the engine. The condition automatically resets when the engine stops.

REBOOT TO UPDATE VALUE
easYgen CAN ADDRESS USED
Readout of current easYgen CAN Address.

easYgen CAN ADDRESS *
Tunable value to select the easYgen CAN Address, control must be reboot for
setting to take effect.

IO — DISCRETE OUTPUTS

LOW SIDE DRIVER STATUS
FUNCTION ACTIVE COLUMN
LED indicating the Low-Side Output is energized.

DESCRIPTION COLUMN
Text description of the Low-Side Output function.

LS 05 - ALARM RELAY
LS 05 - ALARM RELAY FORCED
LED indicates the Output is in FORCE MODE

ENABLE LS 05 - ALARM RELAY FORCE MODE *
Check this box to enable FORCE MODE for this output.
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LS 05 - ALARM RELAY FORCE VALUE *

Check this box to toggle the forced output, this value assumes the status of the
output when FORCE MODE is activated for a bumpless transfer into FORCE
MODE.

LS 05 - ALARM RELAY INVERT FUNCTION *
Check this box to invert the function and energize when function is FALSE.

LS 06 - SHUTDOWN RELAY
LS 06 - SHUTDOWN RELAY FORCED
LED indicates the Output is in FORCE MODE

ENABLE LS 06 - SHUTDOWN RELAY FORCE MODE *
Check this box to enable FORCE MODE for this output.

LS 06 - SHUTDOWN RELAY FORCE VALUE *

Check this box to toggle the forced output, this value assumes the status of the
output when FORCE MODE is activated for a bumpless transfer into FORCE
MODE.

LS 06 - SHUTDOWN RELAY INVERT FUNCTION *
Check this box to invert the function and energize when function is FALSE.

LS 07 - OPEN GAS SHUT OFF RELAY
LS 07 - OPEN GAS SHUT OFF RELAY FORCED
LED indicates the Output is in FORCE MODE

ENABLE LS 07 - OPEN GAS SHUT OFF RELAY FORCE MODE *
Check this box to enable FORCE MODE for this output.

LS 07 - OPEN GAS SHUT OFF RELAY FORCE VALUE *

Check this box to toggle the forced output, this value assumes the status of the
output when FORCE MODE is activated for a bumpless transfer into FORCE
MODE.

LS 07 - OPEN GAS SHUT OFF RELAY INVERT FUNCTION *
Check this box to invert the function and energize when function is FALSE.

LS 08 - MIL RELAY
LS 08 - MIL RELAY FORCED
LED indicates the Output is in FORCE MODE.

ENABLE LS 08 - MIL RELAY FORCE MODE *
Check this box to enable FORCE MODE for this output.

LS 08 - MIL RELAY FORCE VALUE *

Check this box to toggle the forced output, this value assumes the status of the
output when FORCE MODE is activated for a bumpless transfer into FORCE
MODE.

LS 08 - MIL RELAY INVERT FUNCTION *
Check this box to invert the function and energize when function is FALSE.

LS 09 - IGNITION SD RELAY
LS 09 - IGNITION SD RELAY FORCED
LED indicates the Output is in FORCE MODE.

ENABLE LS 09 - IGNITION SD RELAY FORCE MODE *
Check this box to enable FORCE MODE for this output.
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LS 09 - IGNITION SD RELAY FORCE VALUE *

Check this box to toggle the forced output, this value assumes the status of the
output when FORCE MODE is activated for a bumpless transfer into FORCE
MODE.

LS 09 - IGNITION SD RELAY INVERT FUNCTION *
Check this box to invert the function and energize when function is FALSE.

LS 10 - SPEED SWITCH RELAY
LS 10 - SPEED SWITCH RELAY FORCED
LED indicates the Output is in FORCE MODE.

ENABLE LS 10 - SPEED SWITCH RELAY FORCE MODE *
Check this box to enable FORCE MODE for this output.

LS 10 - SPEED SWITCH RELAY FORCE VALUE *

Check this box to toggle the forced output, this value assumes the status of the
output when FORCE MODE is activated for a bumpless transfer into FORCE
MODE.

LS 10 - SPEED SWITCH RELAY INVERT FUNCTION *
Check this box to invert the function and energize when function is FALSE.

MPRD -BATTERY CONSERVATION RELAY
MPRD - BATT CONSERVE RELAY FORCED
LED indicates the Output is in FORCE MODE.

ENABLE MPRD - BATT CONSERVE FORCE MODE *
Check this box to enable FORCE MODE for this output.

MPRD - BATT CONSERVE FORCE VALUE *

Check this box to toggle the forced output, this value assumes the status of the
output when FORCE MODE is activated for a bumpless transfer into FORCE
MODE.

BATTERY CONSERVATION RELAY SETTINGS

RESET BATTERY CONSERVATION TIMER

Momentary button when clicked resets the Battery Conservation Timer equal to
BATTERY CONSERVE DELAY.

BATTERY CONSERVE TIMER
Readout of the BATTERY CONSERVE OUTPUT remaining time.

BATTERY CONSERVE DELAY *
Time period the BATTERY CONSERVE OUTPUT is on after last engine roll
(sec)

MODE *

Dropdown select box with possible states: BATTERY CONSERVATION,
ALWAYS ON, or ALWAYS OFF. BATTERY CONSERVATION mode sets the
relay immediately on engine start and resets after the engine has been stopped
for BATTERY CONSERVE DELAY. ALWAYS ON OR ALWAYS OFF modes
allow troubleshooting and setup.
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IO — DISCRETE INPUTS

DISCRETE INPUTS SETTINGS
DISCRETE IN ACTIVE COLUMN
LED indicates DISCRETE INPUT hardware status CLOSED.

DI ACTIVE OPEN COLUMN *
Check this box to invert the function to activate when the input is OPEN.

DISCRETE INPUT FUNCTION CONFIGURATION COLUMN *
Dropdown select box to allow Mapping of the Discrete Function to a hardware
input.

DISCRETE INPUT FUNCTION ACTIVE COLUMN
LED indicating the Discrete Function is active.

EXTERNAL SHUTDOWN 1
This input allows a discrete external condition to cause a SHUTDOWN.

EXTERNAL SHUTDOWN 2
This input allows a second discrete external condition to cause a SHUTDOWN.

COOLING WATER LEVEL LOW
This input allows a discrete external condition to cause an ALARM or
SHUTDOWN. This function also ties into the optional Derate function.

LUBE OIL LEVEL LOW
This input allows a discrete external condition to cause an ALARM or
SHUTDOWN. This function also ties into the optional Derate function.

MODBUS SELECT

Close this contact to activate Modbus. WARNING: Modbus uses the same port
as the Service Tool and activation of this function will cease communication to
the Toolkit until the switch is returned to the inactive position.

RUN/STOP
Close this contact to activate the Speed control and AFR control.

FAULT RESET
Close this contact to activate the FAULT RESET function, this functions identical
to the Toolkit FAULT RESET.

IDLE/RATED
In Generator Speed Control mode, this causes the speed reference to ramp to
IDLE SPEED. See Speed Reference section.

LOWER
Close this input to Lower the Speed Reference. This input can also be used in
conjunction with the Raise input to use the analog Remote Reference.

RAISE
Close this input to Raise the Speed Reference. This input can also be used in
conjunction with the Lower input to use the analog Remote Reference.

GENERATOR BREAKER

For Generator applications, connect this to the Circuit Breaker Aux contact. This
input will allow a second set of dynamics, allow Feed-Forward Load Rejection,
and allow for an online and offline MISFIRE FAULT TABLE.
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UTILITY BREAKER
For Generator applications, connect this to the Utility Tie Bus AUX. This should
be TRUE whenever the generator is parallel to the utility.

IGNITION ON

Connect this input to the third-party ignition ‘Is Firing’ Relay Output. If using IC-
92X, set the selection to "IC-92X CAN". If no ignition integration is desired set the
selection to "ALWAYS ON".

AFR POT LEARN
Connect this input to a momentary push button typically located inside the panel
to allow EXTERNAL AFR BIAS.

THROTTLE 1 OK
Connect this input to the Status output of the Actuator, the E3 control can be set
to alarm or shutdown when this occurs.

THROTTLE 2 OK
Connect this input to the Status output of the Actuator, the E3 control can be set
to alarm or shutdown when this occurs.

FUEL TRIM VALVE 1 OK
Connect this input to the Status output of the Actuator, the E3 control can be set
to alarm or shutdown when this occurs.

FUEL TRIM VALVE 2 OK
Connect this input to the Status output of the Actuator, the E3 control can be set
to alarm or shutdown when this occurs.

Analog Inputs

IO — POSITION SENSOR INPUTS

THROTTLE POSITION SENSOR 1
TPS 1 OK
TPS 1 is active and between the MIN/MAX LIMITS.

TPS 1 SCALING TABLE *
A 2 x 2 lookup table, scale the voltage with the engineering units throughout the
operational range.

TPS 1 OK
Select the hardware input to use for TPS 1.

TPS 1 MIN LIMIT *
The low voltage threshold that will trigger the TPS 1 MIN SENSOR FAULT.

TPS 1 MAX LIMIT *
The high voltage threshold that will trigger the TPS 1 MAX SENSOR FAULT.

TPS 1 INPUT FILTER *
The TPS 1 low-pass filter time constant, reduce to improve input response.

TPS 1 RAW INPUT
The unfiltered hardware voltage signal.
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TPS 1 UNFILTERED
The unfiltered engineering units value for TPS 1.

TPS 1 FILTERED
The filtered engineering units value for TPS 1.

TPS 1 NON-LINEAR TABLE *

A 2 x 5 lookup table, scale the return position feedback signal from an L-Series
voltage with the engineering units throughout the operational range. This allows a
more accurate position error when using an L-Series with non-linear position

mapping.

TPS 1 TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE'.

THROTTLE POSITION SENSOR 2
TPS 2 OK
TPS 2 is active and between the MIN/MAX LIMITS.

TPS 2 SCALING TABLE *
A 2 x 2 lookup table, scale the voltage with the engineering units throughout the
operational range.

TPS 2 SELECT *
Select the hardware input to use for TPS 2.

TPS 2 MIN LIMIT *
The low voltage threshold that will trigger the TPS 2 MIN SENSOR FAULT.

TPS 2 MAX LIMIT *
The high voltage threshold that will trigger the TPS 2 MAX SENSOR FAULT.

TPS 2 INPUT FILTER *
The TPS 2 low-pass filter time constant, reduce to improve input response.

TPS 2 RAW INPUT
The unfiltered hardware voltage signal.

TPS 2 UNFILTERED
The unfiltered engineering units value for TPS 2.

TPS 2 FILTERED
The filtered engineering units value for TPS 2.

TPS 2 NON-LINEAR TABLE *

A 2 x 5 lookup table, scale the return position feedback signal from an L-Series
voltage with the engineering units throughout the operational range. This allows a
more accurate position error when using an L-Series with non-linear position
mapping.

TPS 2 TUNABLE
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE'.

FUEL TRIM POSITION SENSOR 1
FTPS 1 OK
FTPS 1 is active and between the MIN/MAX LIMITS.
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FTPS 1 SCALING TABLE *
A 2 x 2 lookup table, scale the voltage with the engineering units throughout the
operational range.

FTPS 1 SELECT *
Select the hardware input to use for FTPS 1.

FTPS 1 MIN LIMIT *
The low voltage threshold that will trigger the FTPS 1 MIN SENSOR FAULT.

FTPS 1 MAX LIMIT *
The high voltage threshold that will trigger the FTPS 1 MAX SENSOR FAULT.

FTPS 1 INPUT FILTER *
The FTPS 1 low-pass filter time constant, reduce to improve input response.

FTPS 1 RAW INPUT
The unfiltered hardware voltage signal.

FTPS 1 UNFILTERED
The unfiltered engineering units value for FTPS 1.

FTPS 1 FILTERED
The filtered engineering units value for FTPS 1.

FTPS 1 NON-LINEAR TABLE *

A 2 x 5 lookup table, scale the return position feedback signal from an L-Series
voltage with the engineering units throughout the operational range. This allows a
more accurate position error when using an L-Series with non-linear position

mapping.

FTPS 1 TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE’.

FUEL TRIM POSITION SENSOR 2
FTPS 2 OK
FTPS 2 is active and between the MIN/MAX LIMITS.

FTPS 2 SCALING TABLE *
A 2 x 2 lookup table, scale the voltage with the engineering units throughout the
operational range.

FTPS 2 SELECT *
Select the hardware input to use for FTPS 2.

FTPS 2 MIN LIMIT *
The low voltage threshold that will trigger the FTPS 2 MIN SENSOR FAULT.

FTPS 2 MAX LIMIT *
The high voltage threshold that will trigger the FTPS 2 MAX SENSOR FAULT.

FTPS 2 INPUT FILTER *
The FTPS 2 low-pass filter time constant, reduce to improve input response.

FTPS 2 RAW INPUT
The unfiltered hardware voltage signal.
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FTPS 2 UNFILTERED
The unfiltered engineering units value for FTPS 2.

FTPS 2 FILTERED
The filtered engineering units value for FTPS 2.

FTPS 2 NON-LINEAR TABLE *

A 2 x 5 lookup table, scale the return position feedback signal from an L-Series
voltage with the engineering units throughout the operational range. This allows a
more accurate position error when using an L-Series with non-linear position

mapping.

FTPS 2 TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE'.

IO — MAP & MAT

ANALOG INPUTS CONFIGURATION

MAP 10 CONFIG *

Select the MAP configuration, MAP 1 ONLY, MAP 2 ONLY, MAP WITH
BACKUP, or MAP WITH AVERAGE. MAP 1 ONLY uses just MAP 1; MAP 2
ONLY uses just MAP 2; MAP WITH BACKUP uses MAP unless it is failed and
then it uses MAP 2; MAP WITH AVERAGE uses the average of the two MAP
sensors unless one is failed and then it uses the good one.

RESULTANT MAP FILTER *
The filter used for the calculated resultant MAP signal.

MAT 10 CONFIG *

Select the MAT configuration, MAT 1 ONLY, MAT 2 ONLY, MAT WITH
BACKUP, or MAT WITH AVERAGE. MAT 1 ONLY uses just MAT 1; MAT 2
ONLY uses just MAT 2; MAT WITH BACKUP uses MAT unless it is failed and
then it uses MAT 2; MAT WITH AVERAGE uses the average of the two MAT
sensors unless one is failed and then it uses the good one.

MAT DEFAULT *
The value that is substituted in for the MAT if no good sensors remain.

MAP SENSOR 1
MAP 1 OK
MAP 1 is active and between the MIN/MAX LIMITS.

MAP 1 SCALING TABLE *
A 2 x 2 lookup table, scale the voltage with the engineering units throughout the
operational range.

MAP 1 SELECT *
Select the hardware input to use for MAP 1.

MAP 1 MIN LIMIT *
The low voltage threshold that will trigger the MAP 1 MIN SENSOR FAULT.

MAP 1 MAX LIMIT *
The high voltage threshold that will trigger the MAP 1 MAX SENSOR FAULT.

MAP 1 INPUT FILTER *
The MAP 1 low-pass filter time constant, reduce to improve input response.
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MAP 1 RAW INPUT
The unfiltered hardware voltage signal.

MAP 1 UNFILTERED
The unfiltered engineering units value for MAP 1.

MAP 1 FILTERED
The filtered engineering units value for MAP 1.

MAP 1 TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE’.

MAP SENSOR 2
MAP 2 OK
MAP 2 is active and between the MIN/MAX LIMITS.

MAP 2 SCALING TABLE *
A 2 x 2 lookup table, scale the voltage with the engineering units throughout the
operational range.

MAP 2 SELECT *
Select the hardware input to use for MAP 2.

MAP 2 MIN LIMIT *
The low voltage threshold that will trigger the MAP 2 MIN SENSOR FAULT.

MAP 2 MAX LIMIT *
The high voltage threshold that will trigger the MAP 2 MAX SENSOR FAULT.

MAP 2 INPUT FILTER *
The MAP 2 low-pass filter time constant, reduce to improve input response.

MAP 2 RAW INPUT
The unfiltered hardware voltage signal.

MAP 2 UNFILTERED
The unfiltered engineering units value for MAP 2.

MAP 2 FILTERED
The filtered engineering units value for MAP 2.

MAP 2 TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE’.

MAT SENSOR 1
MAT 1 OK
MAT 1 is active and between the MIN/MAX LIMITS.

MAT 1 SCALING TABLE *
A 2 x 8 lookup table, scale the voltage with the engineering units throughout the
operational range.

MAT 1 SELECT *
Select the hardware input to use for MAT 1.

MAT 1 MIN LIMIT *
The low voltage threshold that will trigger the MAT 1 MIN SENSOR FAULT.
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MAT 1 MAX LIMIT *
The high voltage threshold that will trigger the MAT 1 MAX SENSOR FAULT.

MAT 1 INPUT FILTER *
The MAT 1 low-pass filter time constant, reduce to improve input response.

MAT 1 RAW INPUT
The unfiltered hardware voltage signal.

MAT 1 UNFILTERED
The unfiltered engineering units value for MAT 1.

MAT 1 FILTERED
The filtered engineering units value for MAT 1.

MAT 1 TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE'.

MAT SENSOR 2
MAT 2 OK
MAT 2 is active and between the MIN/MAX LIMITS.

MAT 2 SCALING TABLE *
A 2 x 8 lookup table, scale the voltage with the engineering units throughout the
operational range.

MAT 2 SELECT *
Select the hardware input to use for MAT 2.

MAT 2 MIN LIMIT *
The low voltage threshold that will trigger the MAT 2 MIN SENSOR FAULT.

MAT 2 MAX LIMIT *
The high voltage threshold that will trigger the MAT 2 MAX SENSOR FAULT.

MAT 2 INPUT FILTER *
The MAT 2 low-pass filter time constant, reduce to improve input response.

MAT 2 RAW INPUT
The unfiltered hardware voltage signal.

MAT 2 UNFILTERED
The unfiltered engineering units value for MAT 2.

MAT 2 FILTERED
The filtered engineering units value for MAT 2.

MAT 2 TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE'.

IO - LOP, LOT, ECT, & LOAD

LUBE OIL PRESSURE SENSOR
LOP OK
LOP is active and between the MIN/MAX LIMITS.
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LOP SCALING TABLE *
A 2 x 5 lookup table, scale the voltage with the engineering units throughout the
operational range.

LOP SELECT *
Select the hardware input to use for LOP.

LOP MIN LIMIT *
The low voltage threshold that will trigger the LOP MIN SENSOR FAULT.

LOP MAX LIMIT *
The high voltage threshold that will trigger the LOP MAX SENSOR FAULT.

LOP INPUT FILTER *
The LOP low-pass filter time constant, reduce to improve input response.

LOP RAW INPUT
The unfiltered hardware voltage signal.

LOP UNFILTERED
The unfiltered engineering units value for LOP.

LOP FILTERED
The filtered engineering units value for LOP.

LOP TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE'.

LUBE OIL TEMPERATURE SENSOR
LOT OK
LOT is active and between the MIN/MAX LIMITS.

LOT SCALING TABLE *
A 2 x 8 lookup table, scale the voltage with the engineering units throughout the
operational range.

LOT SELECT *
Select the hardware input to use for LOT.

LOT MIN LIMIT *
The low voltage threshold that will trigger the LOT MIN SENSOR FAULT.

LOT MAX LIMIT *
The high voltage threshold that will trigger the LOT MAX SENSOR FAULT.

LOT INPUT FILTER *
The LOT low-pass filter time constant, reduce to improve input response.

LOT RAW INPUT
The unfiltered hardware voltage signal.

LOT UNFILTERED
The unfiltered engineering units value for LOT.

LOT FILTERED
The filtered engineering units value for LOT.
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LOT TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE'.

IO — ENGINE COOLANT SENSOR
ECT OK
ECT is active and between the MIN/MAX LIMITS.

ECT SCALING TABLE *
A 2 x 8 lookup table, scale the voltage with the engineering units throughout the
operational range.

ECT SELECT *
Select the hardware input to use for ECT.

ECT MIN LIMIT *
The low voltage threshold that will trigger the ECT MIN SENSOR FAULT.

ECT MAX LIMIT *
The high voltage threshold that will trigger the ECT MAX SENSOR FAULT.

ECT INPUT FILTER *
The ECT low-pass filter time constant, reduce to improve input response.

ECT RAW INPUT
The unfiltered hardware voltage signal.

ECT UNFILTERED
The unfiltered engineering units value for ECT.

ECT FILTERED
The filtered engineering units value for ECT.

ECT TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE'.

IO — LOAD SENSOR
LOAD OK
LOAD is active and between the MIN/MAX LIMITS.

LOAD SCALING TABLE *
A 2 x 2 lookup table, scale the voltage with the engineering units throughout the
operational range.

LOAD SELECT *
Select the hardware input to use for LOAD.

LOAD MIN LIMIT *
The low voltage threshold that will trigger the LOAD MIN SENSOR FAULT.

LOAD MAX LIMIT *
The high voltage threshold that will trigger the LOAD MAX SENSOR FAULT.

LOAD INPUT FILTER *
The LOAD low-pass filter time constant, reduce to improve input response.

LOAD RAW INPUT
The unfiltered hardware voltage signal.
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LOAD UNFILTERED
The unfiltered engineering units value for LOAD.

LOAD FILTERED
The filtered engineering units value for LOAD.

LOAD TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE'.

EXTERNAL BIAS

IO — SPEED BIAS
SPEED BIAS OK
SPEED BIAS is active and between the MIN/MAX LIMITS.

SPEED BIAS SCALING TABLE *
A 2 x 2 lookup table, scale the voltage with the engineering units throughout the
operational range.

SPEED BIAS SELECT *
Select the hardware input to use for SPEED BIAS.

SPEED BIAS MIN LIMIT *
The low voltage threshold that will trigger the SPEED BIAS MIN SENSOR
FAULT.

SPEED BIAS MAX LIMIT *
The high voltage threshold that will trigger the SPEED BIAS MAX SENSOR
FAULT.

SPEED BIAS INPUT FILTER *
The SPEED BIAS low-pass filter time constant, reduce to improve input
response.

SPEED BIAS RAW INPUT
The unfiltered hardware voltage signal.

SPEED BIAS UNFILTERED
The unfiltered engineering units value for SPEED BIAS.

SPEED BIAS FILTERED
The filtered engineering units value for SPEED BIAS.

SPEED BIAS TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE'.

IO — REMOTE REFERENCE
REM OK
REM is active and between the MIN/MAX LIMITS.

REM SCALING TABLE *
A 2 x 2 lookup table, scale the voltage with the engineering units throughout the
operational range.

REM SELECT *
Select the hardware input to use for REM.
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REM MIN LIMIT *
The low voltage threshold that will trigger the REM MIN SENSOR FAULT.

REM MAX LIMIT *
The high voltage threshold that will trigger the REM MAX SENSOR FAULT.

REM INPUT FILTER *
The REM low-pass filter time constant, reduce to improve input response.

REM RAW INPUT
The unfiltered hardware voltage signal.

REM UNFILTERED
The unfiltered engineering units value for REM.

REM FILTERED
The filtered engineering units value for REM.

REM TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE'.

IO — SPEED BIAS PWM
SPEED BIAS PWM OK
SPEED BIAS PWM is active and between the MIN/MAX LIMITS.

SPEED BIAS PWM SCALING TABLE *
A 2 x 2 lookup table, scale the voltage with the engineering units throughout the
operational range.

SPEED BIAS PWM SELECT *
Select the hardware input to use for SPEED BIAS PWM.

SPEED BIAS PWM MIN LIMIT *
The low voltage threshold that will trigger the SPEED BIAS PWM MIN SENSOR
FAULT.

SPEED BIAS PWM MAX LIMIT *
The high voltage threshold that will trigger the SPEED BIAS PWM MAX
SENSOR FAULT.

SPEED BIAS PWM INPUT FILTER
The SPEED BIAS PWM low-pass filter time constant, reduce to improve input
response.

SPEED BIAS PWM RAW INPUT *
The unfiltered hardware voltage signal.

SPEED BIAS PWM UNFILTERED
The unfiltered engineering units value for SPEED BIAS PWM.

SPEED BIAS PWM FILTERED
The filtered engineering units value for SPEED BIAS PWM.

SPEED BIAS PWM TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE’.
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IO — AFR ADJUST POT

The AFR Adjust Potentiometer allows external AFR setpoint bias. To use:
connect AFR learn switch and pot, press AFR learn button, adjust pot (CW to
increase setpoint), release button and bias increment has been save for the
current load level, all other load levels are not affected.

AFR ADJUST POT OK
AFR ADJUST POT is active and between the MIN/MAX LIMITS.

AFR ADJUST POT BIAS TABLE *
A 2 x 8 lookup table, that stores the bias for each load step as programmed,
shares an index with the POST-CAT SETPOINT TABLE..

AFR ADJUST POT SELECT *
Select the hardware input to use for AFR ADJUST POT.

AFR ADJUST POT MIN LIMIT *
The low voltage threshold that will trigger the AFR ADJUST POT MIN SENSOR
FAULT.

AFR ADJUST POT MAX LIMIT *
The high voltage threshold that will trigger the AFR ADJUST POT MAX SENSOR
FAULT.

AFR ADJUST POT INPUT FILTER *
The AFR ADJUST POT low-pass filter time constant, reduce to improve input
response.

AFR ADJUST POT RAW INPUT
The unfiltered hardware voltage signal.

AFR ADJUST POT UNFILTERED
The unfiltered engineering units value for AFR ADJUST POT.

AFR ADJUST POT FILTERED
The filtered engineering units value for AFR ADJUST POT.

AFR ADJUST POT TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE'.

POT SCALING *
Adjusts the sensitivity of the potentiometer, increase value to make the pot adjust
more setpoint per turn.

MODBUS STEP SIZE *
The amount in mV that the Modbus will adjust the external bias table for each
increment or decrement.

EXT BIAS TABLE FAULT

Indicates that a bias adjustment was not saved in the table. An example is if the
AFR INDEX was outside the table defined limits and an adjustment was
attempted.

This value will clear when a successful adjustment is made.

EXT BIAS VALUE
The readout of the bias table.
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TOTAL SETPOINT
The result of the POST-CAT SETPOINT TABLE summed with the EXTERNAL
BIAS TABLE.

RESET EXTERNAL BIAS TABLE TO ZERO
A momentary button that resets the entire EXTERNAL BIAS TABLE to zeroes.

Catalyst 1/0

IO -HEGO 1

HEGO 1 - PRE-CAT BANK 1

HEGO 1 INPUT FILTER *

The HEGO Signal filter value (sec). Increasing this parameter smoothes the
signal but slows response.

HEGO 1 DIFFERENTIAL DELAY *
Calibration value to shift switch times, typically left at default.

HEGO 1 UNFILTERED
The raw HEGO signal readout (mV).

HEGO 1 FILTERED
The filtered HEGO signal readout (mV).

HEGO 1 HEATER

HEGO 1 HEATER MANUAL SD *

Check this box to shutdown the heater voltage, used for troubleshooting and
setup.

HEGO 1 HEATER CURRENT
Readout of the HEGO Heater Current (ADC)

HEGO 1 HEATER DUTY CYCLE
Readout of the HEGO Heater Duty Cycle (%).

HEGO 1 HEATER PWM FREQUENCY
Readout of the HEGO Heater PWM Frequency (Hz).

HEGO 1 HEATER ACTIVE
HEGO 1 HEATER ON
LED indication of the HEGO Heater status.

ENGINE NOT RUNNING
LED indication of the HEGO Heater status permissive.

RUN SWITCH OFF
LED indication of the HEGO Heater status permissive.

AL456 HEGO 1 HEATER CURRENT HIGH SD
LED indication of the HEGO Heater status permissive.

HEGO 1 SWITCHING QUALITY
This group provides a snapshot of the switching quality of the Pre-Cat HEGO
sensor.
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SENSOR RICH
An LED indication that the Pre-Cat HEGO sensor reading is above 450 mV.

HEGO 1 LO PEAK
The lowest HEGO 1 reading in the last dither cycle (mV).

HEGO 1 HI PEAK
The highest HEGO 1 reading in the last dither cycle (mV).

HEGO 1 AMPLITUDE
The difference in the peak measurements for the last dither cycle (mV).

HEGO 1 SENSOR FAULTS

HEGO 1 OK

LED indication that the HEGO health is ready for closed loop operation. AL550,
555, 560, 561 must all be FALSE after grace period. All the unlatched faults must
be FALSE during the grace period.

AL550 HEGO 1 VOLTAGE LOW
LED indication of the fault the HEGO voltage is below the threshold.

AL555 HEGO 1 VOLTAGE HIGH
LED indication of the fault the HEGO voltage is above the threshold.

AL560 HEGO 1 SENSOR FAILED
LED indication of the fault the HEGO voltage is within the fault window.

AL561 HEGO 1 HEATER OPEN CIRCUIT
LED indication of the fault the HEGO read back current is below the fault
threshold.

HEGO 1 FAULT ARM

HEGO 1 ARMED

LED indication of the HEGO ARMED status, HEGO SEQUENCE STATE must
be RUN.

ENGINE RUNNING
LED indication of the ENGINE RUNNING status.

NO FUEL STOP
LED indication of the NO FUEL STOP status. NO FUEL STOP includes
RUN/STOP INPUT, SHUTDOWN, and easYgen STOP.

GRACE TIME
LED indication of the GRACE PERIOD status, this lights when the grace period
has expired.

HEGO 1 MODE
LED indicates the AFR MODE is a closed loop request.

LOAD READY
LED indication that the Qmix is above the LOAD BREAKPOINT.

HEGO SEQUENCE STATE
The HEGO HEATER sequence provides for sensor and heater element
protection.
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HEGO STATE

Text readout indicating the HEGO sequence, possible states: OFF, SHOCK
PROTECT, WARMUP, STABILIZING, GRACE PERIOD, GRACE RUN, RUN, or
NO CLOSED LOOP. OFF — Engine stopped heaters off, SHOCK PROTECT —
voltage remains off to allow water droplets to pass by sensor; WARMUP —
Heater operates at a reduced voltage; STABILIZING — Heater ramps to full
power and stabilizes; GRACE PERIOD — No sensor faults announced; GRACE
RUN — Sensor OK closed loop allowed still no latched faults; RUN — HEGO
Faults fully armed any HEGO faults will result in fault action and latch; or NO
CLOSED LOOP - Closed loop control is not required from the system due to
warm-up, low load, or user intervention.

SHOCK REMAIN
The time remaining in shock protect mode (sec).

WARMUP REMAIN
The time remaining in warm-up protect mode (sec).

STABLE REMAIN
The time remaining in stabilizing mode (sec).

GRACE REMAIN
The time remaining in Grace Period (sec).

HEGO HEATER EFFECTIVE VOLTAGE
The Effective Voltage to the heater (Vrms).

HEGO 1-3 HEATER SETPOINTS
THERMAL SHOCK DELAY *
Time period the heater is shutoff after run (sec).

HEATER WARMUP TIME *
Time period the heater is in warm-up mode (sec).

HEGO STABLE DELAY *
The time period the heater must be at maximum before considered stable (sec).

GRACE PERIOD *

The time period after which the HEGO sensor should be considered warmed up
and ready to go (sec). Once the GRACE PERIOD is expired, any HEGO sensor
fault will trigger a latched fault.

OPEN CIRCUIT CURRENT LEVEL *
The HEGO Heater current read back threshold level (ADC).

MAX EFFECTIVE VOLTAGE *
The HEGO Heater current read back threshold level (ADC).

IO —HEGO 2

HEGO 2 — PRE-CAT BANK 2

HEGO 2 INPUT FILTER *

The HEGO Signal filter value (sec). Increasing this parameter smoothes the
signal but slows response.

HEGO 2 DIFFERENTIAL DELAY *
Calibration value to shift switch times, typically left at default.
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HEGO 2 UNFILTERED
The raw HEGO signal readout (mV).

HEGO 2 FILTERED
The filtered HEGO signal readout (mV).

HEGO 2 HEATER

HEGO 2 HEATER MANUAL SD *

Check this box to shutdown the heater voltage, used for troubleshooting and
setup.

HEGO 2 HEATER CURRENT
Readout of the HEGO Heater Current (ADC)

HEGO 2 HEATER DUTY CYCLE
Readout of the HEGO Heater Duty Cycle (%).

HEGO 2 HEATER PWM FREQUENCY
Readout of the HEGO Heater PWM Frequency (Hz).

HEGO 2 HEATER ACTIVE
HEGO 2 HEATER ON
LED indication of the HEGO Heater status.

ENGINE NOT RUNNING
LED indication of the HEGO Heater status permissive.

RUN SWITCH OFF
LED indication of the HEGO Heater status permissive.

HEGO 2 SWITCHING QUALITY
This group provides a snapshot of the switching quality of the Pre-Cat HEGO
sensor.

SENSOR RICH
An LED indication that the Pre-Cat HEGO sensor reading is above 450 mV.

HEGO 2 LO PEAK
The lowest HEGO 2 reading in the last dither cycle (mV).

HEGO 2 HI PEAK
The highest HEGO 2 reading in the last dither cycle (mV).

HEGO 2 AMPLITUDE
The difference in the peak measurements for the last dither cycle (mV).

HEGO 2 SENSOR FAULTS

HEGO 2 OK

LED indication that the HEGO health is ready for closed loop operation. AL565,
570, 575 must all be FALSE after grace period. All the unlatched faults must be
FALSE during the grace period.

AL565 HEGO 2 VOLTAGE LOW
LED indication of the fault the HEGO voltage is below the threshold.

AL570 HEGO 2 VOLTAGE HIGH
LED indication of the fault the HEGO voltage is above the threshold.
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AL575 HEGO 2 SENSOR FAILED
LED indication of the fault the HEGO voltage is within the fault window.

HEGO 2 FAULT ARM

HEGO 2 ARMED

LED indication of the HEGO ARMED status, HEGO SEQUENCE STATE must
be RUN.

ENGINE RUNNING
LED indication of the ENGINE RUNNING status

NO FUEL STOP
LED indication of the NO FUEL STOP status. NO FUEL STOP includes
RUN/STOP INPUT, SHUTDOWN, and easYgen STOP.

GRACE TIME
LED indication of the GRACE PERIOD status, this lights when the grace period
has expired.

HEGO 2 MODE
LED indicates the AFR MODE is a closed loop request.

LOAD READY
LED indication that the Qmix is above the LOAD BREAKPOINT.

HEGO SEQUENCE STATE
The HEGO HEATER sequence provides for sensor and heater element
protection.

HEGO STATE

Text readout indicating the HEGO sequence, possible states: OFF, SHOCK
PROTECT, WARMUP, STABILIZING, GRACE PERIOD, GRACE RUN, RUN, or
NO CLOSED LOOP. OFF — Engine stopped heaters off; SHOCK PROTECT —
voltage remains off to allow water droplets to pass by sensor; WARMUP —
Heater operates at a reduced voltage; STABILIZING — Heater ramps to full
power and stabilizes; GRACE PERIOD — No sensor faults announced; GRACE
RUN — Sensor OK closed loop allowed still no latched faults; RUN — HEGO
Faults fully armed any HEGO faults will result in fault action and latch; or NO
CLOSED LOOP - Closed loop control is not required from the system due to
warm-up, low load, or user intervention.

SHOCK REMAIN
The time remaining in shock protect mode (sec).

WARMUP REMAIN
The time remaining in warm-up protect mode (sec).

STABLE REMAIN
The time remaining in stabilizing mode (sec).

GRACE REMAIN
The time remaining in Grace Period (sec).

HEGO HEATER EFFECTIVE VOLTAGE
The Effective Voltage to the heater (Vrms).
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HEGO 1-3 HEATER SETPOINTS
THERMAL SHOCK DELAY *
Time period the heater is shutoff after run (sec).

HEATER WARMUP TIME *
Time period the heater is in warm-up mode (sec).

HEGO STABLE DELAY *
The time period the heater must be at maximum before considered stable (sec).

GRACE PERIOD *

The time period after which the HEGO sensor should be considered warmed up
and ready to go (sec). Once the GRACE PERIOD is expired, any HEGO sensor
fault will trigger a latched fault.

OPEN CIRCUIT CURRENT LEVEL *
The HEGO Heater current read back threshold level (ADC).

MAX EFFECTIVE VOLTAGE *
The HEGO Heater current read back threshold level (ADC).

IO -HEGO 3

HEGO 3 — POST-CAT

HEGO 3 INPUT FILTER *

The HEGO Signal filter value (sec). Increasing this parameter smoothes the
signal but slows response.

HEGO 3 UNFILTERED
The raw HEGO signal readout (mV).

HEGO 3 FILTERED
The filtered HEGO signal readout (mV).

HEGO 1 HEATER

HEGO 3 HEATER MANUAL SD *

Check this box to shutdown the heater voltage, used for troubleshooting and
setup.

HEGO 3 HEATER CURRENT
Readout of the HEGO Heater Current (ADC)

HEGO 3 HEATER DUTY CYCLE
Readout of the HEGO Heater Duty Cycle (%).

HEGO 3 HEATER PWM FREQUENCY
Readout of the HEGO Heater PWM Frequency (Hz).

HEGO 3 HEATER ACTIVE
HEGO 3 HEATER ON
LED indication of the HEGO Heater status.

ENGINE NOT RUNNING
LED indication of the HEGO Heater status permissive.

RUN SWITCH OFF
LED indication of the HEGO Heater status permissive.
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AL458 HEGO 3 HEATER CURRENT HIGH SD
LED indication of the HEGO Heater status permissive.

HEGO 3 SIGNAL QUALITY
This group provides a snapshot of the signal quality of the Post-Cat HEGO
sensor.

HEGO 3 LO PEAK
The lowest HEGO 3 reading in the last dither cycle (mV).

HEGO 3 HI PEAK
The highest HEGO 3 reading in the last dither cycle (mV).

HEGO 3 AMPLITUDE
The difference in the peak measurements for the last dither cycle (mV).

HEGO 3 SENSOR FAULTS

HEGO 3 OK

LED indication that the HEGO health is ready for closed loop operation. AL580,
585, 590, 591 must all be FALSE after grace period. All the unlatched faults must
be FALSE during the grace period.

AL580 HEGO 3 VOLTAGE LOW
LED indication of the fault the HEGO voltage is below the threshold.

AL585 HEGO 3 VOLTAGE HIGH
LED indication of the fault the HEGO voltage is above the threshold.

AL590 HEGO 3 SENSOR FAILED
LED indication of the fault the HEGO voltage is within the fault window.

AL591 HEGO 3 HEATER OPEN CIRCUIT
LED indication of the fault the HEGO read back current is below the fault
threshold.

HEGO 3 FAULT ARM

HEGO 3 ARMED

LED indication of the HEGO ARMED status, HEGO SEQUENCE STATE must
be RUN.

ENGINE RUNNING
LED indication of the ENGINE RUNNING status

NO FUEL STOP
LED indication of the NO FUEL STOP status. NO FUEL STOP includes
RUN/STOP INPUT, SHUTDOWN, and easYgen STOP.

GRACE TIME
LED indication of the GRACE PERIOD status, this lights when the grace period
has expired.

HEGO 3 MODE
LED indicates the AFR MODE is a closed loop request.

LOAD READY
LED indication that the Qmix is above the LOAD BREAKPOINT.
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HEGO SEQUENCE STATE
The HEGO HEATER sequence provides for sensor and heater element
protection.

HEGO STATE

Text readout indicating the HEGO sequence, possible states: OFF, SHOCK
PROTECT, WARMUP, STABILIZING, GRACE PERIOD, GRACE RUN, RUN, or
NO CLOSED LOOP. OFF — Engine stopped heaters off; SHOCK PROTECT —
voltage remains off to allow water droplets to pass by sensor; WARMUP —
Heater operates at a reduced voltage; STABILIZING — Heater ramps to full
power and stabilizes; GRACE PERIOD — No sensor faults announced; GRACE
RUN — Sensor OK closed loop allowed still no latched faults; RUN — HEGO
Faults fully armed any HEGO faults will result in fault action and latch; or NO
CLOSED LOOP - Closed loop control is not required from the system due to
warm-up, low load, or user intervention.

SHOCK REMAIN
The time remaining in shock protect mode (sec).

WARMUP REMAIN
The time remaining in warm-up protect mode (sec).

STABLE REMAIN
The time remaining in stabilizing mode (sec).

GRACE REMAIN
The time remaining in Grace Period (sec).

HEGO HEATER EFFECTIVE VOLTAGE
The Effective Voltage to the heater (Vrms).

HEGO 1-3 HEATER SETPOINTS
THERMAL SHOCK DELAY *
Time period the heater is shutoff after run (sec).

HEATER WARMUP TIME *
Time period the heater is in warm-up mode (sec).

HEGO STABLE DELAY *
The time period the heater must be at maximum before considered stable (sec).

GRACE PERIOD *

The time period after which the HEGO sensor should be considered warmed up
and ready to go (sec). Once the GRACE PERIOD is expired, any HEGO sensor
fault will trigger a latched fault.

OPEN CIRCUIT CURRENT LEVEL *
The HEGO Heater current read back threshold level (ADC).

MAX EFFECTIVE VOLTAGE *
The HEGO Heater current read back threshold level (ADC).
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IO — CAT TEMPERATURE

CONFIG PRE-CAT EXTERNAL THERMOCOUPLE

CONFIG PRE-CAT TEMPERATURE SENSOR

Drop down selection box allows for an External Thermocouple J1939 Node, High
temp RTD, or High temp thermistor.

PRE-CAT CHANNEL FAULT
LED indication of the pre-cat thermocouple channel fault.

EXTERNAL THERMOCOUPLE NODE WATCHDOG FAULT
LED indication of a node loss of communication fault.

EXTERNAL TC PGN *
Tunable PGN allows different SPNs to be used.

EXTERNAL TC NODE ID *

Tunable Node ID allows custom Node ID. Please note that the default PGN is
compliant for the default setup of some third-party nodes. The J1939 standard
PGN for Pre/Post Catalyst temperatures is 64838.

AL1349 EXTERNAL TC TIMEOUT DELAY *
Tunable delay for receiving robust communication, set to at least 3 times the
normal repetition rate (ms).

CONFIG PRE-CAT RESISTIVE

CONFIG PRE-CAT TEMPERATURE SENSOR

Drop down selection box allows for an External Thermocouple J1939 Node, High
temp RTD, or High temp thermistor.

PRE-CAT TEMP OK
PRE-CAT TEMP is active and between the MIN/MAX LIMITS.

PRE-CAT SCALING TABLE *
A 2 x 10 lookup table, scale the voltage with the engineering units throughout the
operational range.

PRE-CAT SELECT *
Select the hardware input to use for PRE-CAT.

PRE-CAT MIN LIMIT *
The low voltage threshold that will trigger the PRE-CAT MIN SENSOR FAULT.

PRE-CAT MAX LIMIT *
The high voltage threshold that will trigger the PRE-CAT MAX SENSOR FAULT.

PRE-CAT INPUT FILTER *
The PRE-CAT low-pass filter time constant, reduce to improve input response.

PRE-CAT RAW INPUT
The unfiltered hardware voltage signal.

PRE-CAT UNFILTERED
The unfiltered engineering units value for PRE-CAT.

PRE-CAT FILTERED
The filtered engineering units value for PRE-CAT.
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PRE-CAT TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE'.

LED indication of the pre-cat resistive sensor health.

CONFIG POST-CAT EXTERNAL THERMOCOUPLE

CONFIG POST-CAT TEMPERATURE SENSOR

Drop down selection box allows for an External Thermocouple J1939 Node, High
temp RTD, or High temp thermistor.

POST-CAT CHANNEL FAULT
LED indication of the POST-CAT thermocouple channel fault.

EXTERNAL THERMOCOUPLE NODE WATCHDOG FAULT
LED indication of a node loss of communication fault.

EXTERNAL TC PGN *
Tunable PGN allows different SPNs to be used.

EXTERNAL TC NODE ID *
Tunable Node ID allows custom Node ID.

AL1349 EXTERNAL TC TIMEOUT DELAY *
Tunable delay for receiving robust communication, set to at least 3 times the
normal repetition rate (ms).

CONFIG POST-CAT RESISTIVE

CONFIG POST-CAT TEMPERATURE SENSOR

Drop down selection box allows for an External Thermocouple J1939 Node, High
temp RTD, or High temp thermistor.

POST-CAT TEMP OK
POST-CAT TEMP is active and between the MIN/MAX LIMITS.

POST-CAT SCALING TABLE *
A 2 x 10 lookup table, scale the voltage with the engineering units throughout the
operational range.

POST-CAT SELECT *
Select the hardware input to use for POST-CAT.

POST-CAT MIN LIMIT *
The low voltage threshold that will trigger the POST-CAT MIN SENSOR FAULT.

POST-CAT MAX LIMIT *
The high voltage threshold that will trigger the POST-CAT MAX SENSOR
FAULT.

POST-CAT INPUT FILTER *
The POST-CAT low-pass filter time constant, reduce to improve input response.

POST-CAT RAW INPUT
The unfiltered hardware voltage signal.

POST-CAT UNFILTERED
The unfiltered engineering units value for POST-CAT.
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POST-CAT FILTERED
The filtered engineering units value for POST-CAT.

POST-CAT TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE'.

LED indication of the POST-CAT resistive sensor health.

IO — CAT PRESSURE

CONFIG CAT DIFFERENTIAL PRESSURE SENSOR

CONFIG CAT PRESSURE

Dropdown selection box allowing multiple CAT PRESSURE input options. The
available states are: ‘NONE’, ‘DP SENSOR ONLY’, ‘PRE PRS - POST PRS’,
and ‘DP SENSOR & AMB PRS’. ‘'NONE’ — All inputs are disabled; ‘DP SENSOR
ONLY’ — Use one DP sensor; ‘PRE PRS — POST PRS’ — use two sensors and
the control calculates the difference; and ‘DP SENSOR & AMB PRS’ — Use one
DP sensor and one Ambient Air pressure sensor for monitoring only.

CDP OK
CDP is active and between the MIN/MAX LIMITS.

CDP SCALING TABLE *
A 2 x 2 lookup table, scale the voltage with the engineering units throughout the
operational range.

CDP SELECT *
Select the hardware input to use for CDP.

CDP MIN LIMIT *
The low voltage threshold that will trigger the CDP MIN SENSOR FAULT.

CDP MAX LIMIT *
The high voltage threshold that will trigger the CDP MAX SENSOR FAULT.

CDP INPUT FILTER *
The CDP low-pass filter time constant, reduce to improve input response.

CDP RAW INPUT
The unfiltered hardware voltage signal.

CDP UNFILTERED
The unfiltered engineering units value for CDP.

CDP FILTERED
The filtered engineering units value for CDP.

CDP TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE’.
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CONFIG POST-CAT PRESSURE SENSOR

CONFIG CAT PRESSURE

Dropdown selection box allowing multiple CAT PRESSURE input options. The
available states are: ‘NONE’, ‘DP SENSOR ONLY’, ‘PRE PRS - POST PRS’,
and ‘DP SENSOR & AMB PRS’. ‘NONE’ — All inputs are disabled; ‘DP SENSOR
ONLY’ — Use one DP sensor; ‘PRE PRS — POST PRS’ — use two sensors and
the control calculates the difference; and ‘DP SENSOR & AMB PRS’ — Use one
DP sensor and one Ambient Air pressure sensor for monitoring only.

POST-CAT PRESSURE OK
POST-CAT PRESSURE is active and between the MIN/MAX LIMITS.

POST-CAT PRESSURE SCALING TABLE *
A 2 x 2 lookup table, scale the voltage with the engineering units throughout the
operational range.

POST-CAT PRESSURE SELECT *
Select the hardware input to use for POST-CAT PRESSURE.

POST-CAT PRESSURE MIN LIMIT *
The low voltage threshold that will trigger the POST-CAT PRESSURE MIN
SENSOR FAULT.

POST-CAT PRESSURE MAX LIMIT *
The high voltage threshold that will trigger the POST-CAT PRESSURE MAX
SENSOR FAULT.

POST-CAT PRESSURE INPUT FILTER *
The POST-CAT PRESSURE low-pass filter time constant, reduce to improve
input response.

POST-CAT PRESSURE RAW INPUT
The unfiltered hardware voltage signal.

POST-CAT PRESSURE UNFILTERED
The unfiltered engineering units value for POST-CAT PRESSURE.

POST-CAT PRESSURE FILTERED
The filtered engineering units value for POST-CAT PRESSURE.

POST-CAT PRESSURE TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE'.

CONFIG PRE-CAT PRESSURE SENSOR

CONFIG CAT PRESSURE

Dropdown selection box allowing multiple CAT PRESSURE input options. The
available states are: ‘NONE’, ‘DP SENSOR ONLY’, ‘PRE PRS - POST PRS’,
and ‘DP SENSOR & AMB PRS’. ‘NONE’ — All inputs are disabled; ‘DP SENSOR
ONLY’ — Use one DP sensor; ‘PRE PRS — POST PRS’ — use two sensors and
the control calculates the difference; and ‘DP SENSOR & AMB PRS’ — Use one
DP sensor and one Ambient Air pressure sensor for monitoring only.

PRE-CAT PRESSURE OK
PRE-CAT PRESSURE is active and between the MIN/MAX LIMITS.

PRE-CAT PRESSURE SCALING TABLE *
A 2 x 2 lookup table, scale the voltage with the engineering units throughout the
operational range.
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PRE-CAT PRESSURE SELECT *
Select the hardware input to use for PRE-CAT PRESSURE.

PRE-CAT PRESSURE MIN LIMIT *
The low voltage threshold that will trigger the PRE-CAT PRESSURE MIN
SENSOR FAULT.

PRE-CAT PRESSURE MAX LIMIT *
The high voltage threshold that will trigger the PRE-CAT PRESSURE MAX
SENSOR FAULT.

PRE-CAT PRESSURE INPUT FILTER *
The PRE-CAT PRESSURE low-pass filter time constant, reduce to improve input
response.

PRE-CAT PRESSURE RAW INPUT
The unfiltered hardware voltage signal.

PRE-CAT PRESSURE UNFILTERED
The unfiltered engineering units value for PRE-CAT PRESSURE.

PRE-CAT PRESSURE FILTERED
The filtered engineering units value for PRE-CAT PRESSURE.

PRE-CAT PRESSURE TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE'.

CONFIG AMBIENT AIR PRESSURE SENSOR

CONFIG CAT PRESSURE

Dropdown selection box allowing multiple CAT PRESSURE input options. The
available states are: ‘NONE’, ‘DP SENSOR ONLY’, ‘PRE PRS - POST PRS’,
and ‘DP SENSOR & AMB PRS’. ‘'NONE’ — All inputs are disabled; ‘DP SENSOR
ONLY’ — Use one DP sensor; ‘PRE PRS — POST PRS’ — use two sensors and
the control calculates the difference; and ‘DP SENSOR & AMB PRS’ — Use one
DP sensor and one Ambient Air pressure sensor for monitoring only.

AMB PRESSURE OK
AMB PRESSURE is active and between the MIN/MAX LIMITS.

AMB PRESSURE SCALING TABLE *
A 2 x 2 lookup table, scale the voltage with the engineering units throughout the
operational range.

AMB PRESSURE SELECT *
Select the hardware input to use for AMB PRESSURE.

AMB PRESSURE MIN LIMIT *
The low voltage threshold that will trigger the AMB PRESSURE MIN SENSOR
FAULT.

AMB PRESSURE MAX LIMIT *
The high voltage threshold that will trigger the AMB PRESSURE MAX SENSOR
FAULT.

AMB PRESSURE INPUT FILTER *
The AMB PRESSURE low-pass filter time constant, reduce to improve input
response.
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AMB PRESSURE RAW INPUT
The unfiltered hardware voltage signal.

AMB PRESSURE UNFILTERED
The unfiltered engineering units value for AMB PRESSURE.

AMB PRESSURE FILTERED
The filtered engineering units value for AMB PRESSURE.

AMB PRESSURE TUNABLE *
The analog voltage value that gets passed through when the input is selected for
‘TUNABLE’.

Actuator Outputs

IO — ACTUATORS

ACTUATOR SELECT

THROTTLE 1

Drop down selection box allows to select PWM OUTPUTS for the THROTTLE 1
driver. Allowed states: PWM OUT 1, PWM OUT 2, PWM OUT 3, PWM OUT 4,
CAN F-SERIES 1, CAN F-SERIES 2, CAN F-SERIES 3, CAN F-SERIES 4, CAN
PROACT 1, or CAN PROACT 2.

THROTTLE 2

Drop down selection box allows to select PWM OUTPUTS for the THROTTLE 2
driver. Allowed states: PWM OUT 1, PWM OUT 2, PWM OUT 3, PWM OUT 4,
CAN F-SERIES 1, CAN F-SERIES 2, CAN F-SERIES 3, CAN F-SERIES 4, CAN
PROACT 1, or CAN PROACT 2.

TRIM VALVE 1

Drop down selection box allows to select PWM OUTPUTS for the TRIM VALVE 1
driver. Allowed states: PWM OUT 1, PWM OUT 2, PWM OUT 3, PWM OUT 4,
CAN F-SERIES 1, CAN F-SERIES 2, CAN F-SERIES 3, CAN F-SERIES 4, CAN
PROACT 1, or CAN PROACT 2.

TRIM VALVE 2

Drop down selection box allows to select PWM OUTPUTS for the TRIM VALVE 2
driver. Allowed states: PWM OUT 1, PWM OUT 2, PWM OUT 3, PWM OUT 4,
CAN F-SERIES 1, CAN F-SERIES 2, CAN F-SERIES 3, CAN F-SERIES 4, CAN
PROACT 1, or CAN PROACT 2.

PROACT SETTINGS

PROACT 1 ADDRESS

Drop down selection box allows Addresses: 1,2, 3,0r4.1=19,2=20,3=21,3
=22.

PROACT 2 ADDRESS
Drop down selection box allows Addresses: 1,2,3,0r4.1=19,2=20,3=21,3
=22.

SELECT PROACT1 ISC
Check this box if ProAct 1 is a PISC.

SELECT PROACT2 ISC
Check this box if ProAct 2 is a PISC.
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IO - THROTTLE 1

THROTTLE 1 CALIBRATION SETTINGS
Follow the steps on the Toolkit page to calibrate the Actuators and the Position
feedback.

CALIBRATION MODE

Check this box if the engine is stopped to enter actuator calibration mode. The
selected output is then forced to 0.0 % throttle; if CALIBRATION TO MAXIMUM
is checked then the output is forced to 100% throttle.

CALIBRATION TO MAXIMUM
Check this box when CALIBRATION MODE is TRUE to force the selected output
to go to 100% throttle demand.

SELECT MANUAL MODE
Check this box to ramp to the MANUAL CAL SETTING at the
MANUAL/CALIBRATION RATE.

MANUAL/CALIBRATION RATE
The ramp rate the output moves while in MANUAL or CALIBRATION MODE
(%/sec).

MANUAL CAL SETTING
The value of the manual actuator output.

THROTTLE 1 REVERSE ACTING
Check this box if a reverse acting response is desired; the output = 100 — ACT
COMMAND.

IO — THROTTLE 2

THROTTLE 2 CALIBRATION SETTINGS
Follow the steps on the Toolkit page to calibrate the Actuators and the Position
feedback.

CALIBRATION MODE

Check this box if the engine is stopped to enter actuator calibration mode. The
selected output is then forced to 0.0 % throttle; if CALIBRATION TO MAXIMUM
is checked then the output is forced to 100% throttle.

CALIBRATION TO MAXIMUM
Check this box when CALIBRATION MODE is TRUE to force the selected output
to go to 100% throttle demand.

SELECT MANUAL MODE
Check this box to ramp to the MANUAL CAL SETTING at the
MANUAL/CALIBRATION RATE.

MANUAL/CALIBRATION RATE
The ramp rate the output moves while in MANUAL or CALIBRATION MODE
(%/sec)

MANUAL CAL SETTING
The value of the manual actuator output.
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THROTTLE 2 REVERSE ACTING
Check this box if a reverse acting response is desired; the output = 100 — ACT
COMMAND.

IO — TRIM VALVE 1

TRIM VALVE 1 CALIBRATION SETTINGS
Follow the steps on the Toolkit page to calibrate the Actuators and the Position
feedback.

CALIBRATION MODE

Check this box if the engine is stopped to enter actuator calibration mode. The
selected output is then forced to 0.0 % trim valve; if CALIBRATION TO
MAXIMUM is checked then the output is forced to 100% trim valve.

CALIBRATION TO MAXIMUM
Check this box when CALIBRATION MODE is TRUE to force the selected output
to go to 100% trim valve demand.

SELECT MANUAL MODE
Check this box to ramp to the MANUAL CAL SETTING at the
MANUAL/CALIBRATION RATE.

MANUAL/CALIBRATION RATE
The ramp rate the output moves while in MANUAL or CALIBRATION MODE
(%/sec).

MANUAL CAL SETTING
The value of the manual actuator output.

TRIM VALVE 1 REVERSE ACTING
Check this box if a reverse acting response is desired; the output = 100 — ACT
COMMAND.

IO — TRIM VALVE 2

TRIM VALVE 2 CALIBRATION SETTINGS
Follow the steps on the Toolkit page to calibrate the Actuators and the Position
feedback.

CALIBRATION MODE

Check this box if the engine is stopped to enter actuator calibration mode. The
selected output is then forced to 0.0 % trim valve; if CALIBRATION TO
MAXIMUM is checked then the output is forced to 100% trim valve.

CALIBRATION TO MAXIMUM
Check this box when CALIBRATION MODE is TRUE to force the selected output
to go to 100% trim valve demand.

SELECT MANUAL MODE
Check this box to ramp to the MANUAL CAL SETTING at the
MANUAL/CALIBRATION RATE.

MANUAL/CALIBRATION RATE
The ramp rate the output moves while in MANUAL or CALIBRATION MODE
(%/sec).
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MANUAL CAL SETTING
The value of the manual actuator output.

TRIM VALVE 2 REVERSE ACTING
Check this box if a reverse acting response is desired; the output = 100 — ACT
COMMAND.

Configuration Settings

CONFIG SYS

CONFIG

USE MECHANICAL DRIVE LOGIC *

Check this box to configure the controller to accommodate a variable speed
engine. Uncheck this box if the engine is driving a synchronous generator.

USE E3 INTERNAL BASE LOAD CONTROL *
Check this box to allow INTERNAL BASE LOAD CONTROL using an external
kW sensor or easYgen.

USE BANK BALANCING *

Check this box to use Bank Balancing and show the settings on the Bank
Balancing Page. Bank Balancing can also be performed on a MONO AFR
configuration. Speed Control also needs to be enabled to use Bank Balancing.

USE STEREO MODE *

Check this box to use Stereo AFR control with two separate fuel systems and
two Pre-Cat HEGOs. This tunable also switches the view for the AFR setup
pages and the dashboard. Uncheck this box if there are one fuel system and one
PRE-CAT HEGO or two fuel systems with one PRE-CAT HEGO.

ENGINE DISPLACEMENT *
Enter the displacement of the engine for Qmix calculations (in”3).

MAP AT FULL LOAD *
Enter MAP AT FULL LOAD to scale the index on the Volumetric Efficiency table.

IGNITION *

Drop down select box allows configuration of the ignition integration options.
Options are: 3rd PARTY IGNITION or IC-92X WITH J1939. This tunable also
switches the view for the respective Ignition setup pages.

ENGINE INFO

Text variables have been provided to enter user information regarding the
application. The information in these fields is for reference only and does not
affect system operation.

ENGINE MAKE *
Text readout indicating the ENGINE MAKE.

ENGINE MODEL *
Text readout indicating the ENGINE MODEL.

ENGINE LICENSE *
Text readout indicating the ENGINE LICENSE.
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ENGINE SERIAL NUMBER *
Text readout indicating the ENGINE SERIAL NUMBER.

ENGINE YEAR *
Text readout indicating the ENGINE YEAR.

OPENLOOP FAULT

MISFIRE TO OPENLOOP *

Check this box to cause the control to go into OPEN LOOP during an active
MISFIRE.

FAULT RESET

ALLOW FAULT RESET TO CLEAR FAULT LOG *

Check this box to allow a global RESET to clear the FAULT LOG. This is not
recommended for operation since the non-volatile fault log would be cleared by
pressing the RESET button.

ALLOW FAULT LOG RESET TO ISSUE FAULT RESET *

Check this box to allow a FAULT LOG RESET to clear the control faults. NOTE:
This sometimes results in needing to press FAULT LOG RESET more than once
to clear all the faults.

EE SAVE OPTIONS

AUTOSAVE EE ON ENGINE STOP *

Check this box to automatically save to non-volatile memory upon each engine
stop. This will save more often the FAULT LOG values.

SAVE CAT-TEMP HI TO NV MEMORY ON ENGINE STOP *
Check this box to automatically save the Catalyst Temperatures High Peak to
non-volatile memory.

J1939 CANLINK
E3 CAN ADDRESS *
This tunable allows the user to change the J1939 address of the E3 unit.

EXTERNAL TC PGN *
Tunable PGN allows different SPNs to be used for the External TC Node.

EXTERNAL TC NODE ID *
Tunable Node ID allows custom Node ID for the External TC Node.

AL1349 EXTERNAL TC TIMEOUT DELAY *
Tunable delay for receiving robust communication; set to at least 3 times the
normal repetition rate (ms).

ACTIVATE PLANT COMMS *
Check this box to use the 733 CAN to Modbus Converter.

J1939 IGNITION
IC-92x ADDRESS *
Tunable IC-92X Address available if needed.

IC-92x EVEN BANK ENERGY *
Tunable EVEN BANK ENERGY command allows for operation with less than
100% voltage and energy.

IC-92x ODD BANK ENERGY *
Tunable ODD BANK ENERGY command allows for operation with less than
100% voltage and energy.
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MIL SETTINGS

USE FLASH CODE FOR MIL *

Check this box to enable MIL FLASH CODE. The FLASH CODE: Flash the
number 12 to signal the start of the flash sequence followed by the first
applicable event from the FAULT LOG. When the first applicable event is
finished, the MIL block will flash the next fault until all faults have been displayed
then start over with the number 12. Uncheck this box to configure the MIL output
to activate when an emissions related fault occurs.

MIL FLASH MODE *

Check this box and any event that is LOGGED will cause the MIL output to blink.
Uncheck this box and only the fault codes from events that are currently ACTIVE
will cause the MIL output to blink.

J1939 easYgen
USE easYgen J1939 COMMS *
Check this box to use easYgen over J1939 CAN.

ISOCH MODE WHEN COMM FAIL *

Check this box to switch over to Isochronous Mode if the easYgen
communications fail. Uncheck this box to stay in DROOP if the link to the
easYgen fails.

easYgen J1939 ADDRESS *
Tunable value to select the easYgen CAN Address, control must be reboot for
setting to take effect.

SPEED BIAS SCALING *
Tunable value to scale the Speed Bias signal to RPM (RPM/100%).

ENGINE RATED POWER *
Tunable value setting the MAX LOAD scaling (kW).

SERVLINK PORT SETTINGS

SERVLINK BAUD RATE *

Drop down selection box that select the Servlink communications rate. Possible
selections: 115200 BAUD, 57600 BAUD, 38400 BAUD, 19200 BAUD, 9600
BAUD, 4800 BAUD, 2400 BAUD, 1800 BAUD, 1200 BAUD, 600 BAUD, 300
BAUD, 110 BAUD. The default is 115200 BAUD but you may want to lower this
for difficult network runs. Although proper termination, shielding, and grounding
of the RS-485 network should allow operation @ high baud rates up to 10000 ft.

SERVLINK ADDRESS *
Tunable value reserved for future multi-drop service tool operation.

MODBUS PORT SETTINGS

MODBUS BAUD RATE *

Drop down selection box that select the Modbus communications rate. Possible
selections: 115200 BAUD, 57600 BAUD, 38400 BAUD, 19200 BAUD, 9600
BAUD, 4800 BAUD, 2400 BAUD, 1800 BAUD, 1200 BAUD, 600 BAUD, 300
BAUD, 110 BAUD. The default is 115200 BAUD but you may want to lower this
for difficult network runs. Although proper termination, shielding, and grounding
of the RS-485 network should allow operation @ high baud rates up to 10000 ft.

MODBUS MODE *
Drop down selection box that select the Modbus communications mode. Possible
selections: ASCII MODE or RTU MODE.
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MODBUS BITS
The E3 Stoich can only communicate 8 bits on Modbus.

MODBUS PARITY *
Drop down selection box that select the Modbus communications PARITY
Checking. Possible selections: NO PARITY, ODD PARITY, or EVEN PARITY.

MODBUS STOP BITS *
Drop down selection box that select the Modbus communications STOP BITS.
Possible selections: 1-STOP BIT, 2-STOP BITS, or 1.5-STOP BITS.

MODBUS TIME OUT *
The Modbus time out is the time delay before issuing a LINK ERROR and should
be set at least 3 times the nominal message rate.

MODBUS INITIAL TIME OUT *
After control power up the HMI panel is given additional time to boot and
communicate without the E3 latching a link error alarm.

MODBUS SLAVE ADDRESS *
Enter the Modbus Slave Address as needed.

CONFIG FUNCTION

BANK BALANCE SETTINGS
ENABLE BANK BALANCE *
Manual Enable/Disable for Bank Balance.

MAP SENSOR FAILOVER TABLE *
2 x 6 lookup table Throttle 1 Demand (%) vs. Correction factor (%) allows a non-
linear mapping of the throttle differences over the operating range of the engine.

BANK BALANCE SETPOINT OFFSET *
The setpoint for the Bank Balance PID (%). Changing this will allow the user to
intentionally unbalance the banks to test balancing dynamics.

RUN DELAY PERMISSIVE *
The delay after engine run that the balancing will activate.

TRIM RANGE *

This value establishes the maximum adjustment that can be made to correct for
imbalance conditions (%). This is the max trim adjustment that the balancing PID
will make at 100%.

PROP GAIN *
The Proportional Gain of the Pre-Cat Control Loop, decreasing the Prop Gain will
reduce the response of the control loop. See PID control section.

INT GAIN *
The Integral Gain of the Pre-Cat Control Loop, decreasing the Int Gain will slow
the response of the control loop. See PID control section.

SDR *
The SDR of the Pre-Cat Control Loop. See PID control section.
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BATTERY CONSERVATION

MODE *

Dropdown select box with possible states: BATTERY CONSERVATION,
ALWAYS ON, or ALWAYS OFF. BATTERY CONSERVATION mode sets the
relay immediately on engine start and resets after the engine has been stopped
for BATTERY CONSERVE DELAY. ALWAYS ON OR ALWAYS OFF modes
allow troubleshooting and setup.

BATTERY CONSERVE DELAY *
Time period the BATTERY CONSERVE OUTPUT is on after last engine roll
(sec)

FAULT ARM DELAY FOR MPRD *
The time delay after the Battery Conservation Relay has energized that the
device faults arm (sec)

SHUTDOWN INTERNAL +5V SUPPLIES WITH MPRD *
Turn off Internally provided +5 Volt sensor power supplies when Battery
Conserve is active.

VOLUMETRIC EFFICIENCY TABLE

VOLUMETRIC EFFICIENCY TABLE *

5 x 5 lookup table SPEED% vs. LOAD% vs. VE which provides the VE estimate
for the Qmix calculation.

MISFIRE FAULT

MISFIRE TABLE INDEX *

An indicator of the Misfire Table index value, available indices are: THROTTLE,
Qmix, or LOAD INPUT.

MISFIRE INDEX PERMISSIVE *
The threshold that the MISFIRE INDEX must be above to enable the Misfire
Faults.

ENABLE ALARM *
Set this TRUE to enable the Misfire Alarm.

ENABLE SHUTDOWN *
Set this TRUE to enable the Misfire Shutdown.

FAULT DELAY ALARM *
The delay the misfire condition must stay TRUE before an alarm is activated
(sec).

FAULT DELAY SHUTDOWN *
The delay the misfire condition must stay TRUE before a shutdown is activated
(sec).

MISFIRE SETUP
SAMPLES *
Tunable to enter the number of engine cylinders or integral divisor.

MISFIRE INDEX SELECT *
A drop down selection box that allows the Misfire Fault mapping to be driven by
different indices. Allowable values are: THROTTLE, Qmix, or LOAD INPUT.

MISFIRE FILTER
Select AFR trim settings to allow for start adjustments.
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MISFIRE FILTER ENABLE *
Check this box to enable the Misfire Filter, uncheck and the filter is bypassed.

MISFIRE FILTER *
The Misfire Signal filter value (sec). Increasing this parameter smoothes the
signal but slows response.

MISFIRE FTV HOLD

When a misfire occurs for longer than a tunable delay AND the control is in one
of the closed-loop modes the Fuel Trim Valve is held in place. The FTV resumes
normal control when the MISFIRE condition is false for a tunable amount of time.

MISFIRE FTV HOLD ENABLE *
Set this TRUE to enable the FTV HOLD function.

MISFIRE THRESHOLDS

MISFIRE ALARM THRESHOLD TABLE *

2 x 5 lookup table Misfire Index () vs. Alarm Level (RPM/sec*2) allows a non-
linear mapping of the fault threshold over the operating range of the engine.

MISFIRE SD THRESHOLD TABLE *
2 x 5 lookup table Misfire Index () vs. Shutdown Level (RPM/sec”2) allows a non-
linear mapping of the fault threshold over the operating range of the engine.

CONFIG CONTROL

SPEED CONTROL
USE SPEED CONTROL *
Check this box to enable speed control mode.

REMOTE SPEED REFERENCE SELECT *
Drop down select box that selects the input used by the REMOTE REFERENCE.
Possible selections: ANALOG INPUT, easYgen J1939, or MODBUS.

START RAMP *
The rate that the throttle will increase after the RUN SPEED is exceeded
(%/sec).

START FUEL LIMIT *

The value the throttle is set upon start (%). The throttle stays at this value until
the engine reaches RUN SPEED at which the throttle will ramp up at the START
RAMP rate (%).

RUN SPEED *
Tunable speed switch that determines the activation of most AFR and Speed
Control functions (RPM).

IDLE WAIT TIME *
The time delay after which the engine speed reaches idle that the control will
ramp to RATED speed is in Generator Mode (sec).

ENABLE IDLE SELECT *
Check this box to allow the IDLE SWITCH to hold the speed reference at Idle
speed.

MIN SPEED/IDLE *
Enter Idle Speed Reference (RPM)
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RATED SPEED *
Enter Rated Engine Speed Reference (RPM).

MAX SPEED REF *
Enter the Maximum Speed Reference Limit in Mechanical Drive Mode (RPM).

MAXIMUM FUEL LIMITER *
The maximum value the throttle demand will go to (%). This acts as an electronic
limiter or troubleshooting tool.

RAISE/LOWER SPEED RATE *
The rate at which the Speed Reference ramps.

OVERSPEED SETPOINT *
The Engine Speed threshold at which the Overspeed Shutdown occurs.

USE SPEED BIASED DYNAMICS *
Check this box to automatically activate speed based dynamics. When this
function is activated, the Prop gain and Int Gain are reduced by multiplying by a

ACTUAL_SPEED . .
factor equal to:m , the actual engine speed is bounded by IDLE

SPEED and RATED SPEED.

USE RAW SPEED FOR OVERSPEED INPUT *
Check this box to use the RAW Speed for the Overspeed Input. This will improve
the sensitivity of the switch but may make it more susceptible to noise.

USE DROOP *
Check this box to allow the use of Droop, droop is calculated from the Real
Power Input or the easYgen kW.

DROOP *
The amount of Droop, typical values are 3-7%.

COLD DYNAMICS

A cold engine Proportional Gain, a cold engine temperature (based on ECT), and
a warm engine temperature are tunable. The Proportional Gain runs at the cold
gain at the cold temp and is linearly interpolated as temperature increases and
levels out to be equal to the normal Prop gain above the warm temp.

ENABLE COLD DYNAMICS *
Select this checkbox to enable the COLD DYNAMICS function.

COLD DYNAMICS TEMP *

The temperature that exhibits the PROP GAIN FRACTION @COLD (°F). The
PROP GAIN fraction will stay at that level even though the temperature goes
lower.

PROP GAIN FRACTION @COLD TEMP *
The fraction that the PROP GAIN will be multiplied by when the ECT is at or
lower than the COLD DYNAMICS TEMP.

WARM DYNAMICS TEMP *
The Temperature that the PROP GAIN fraction will equal 1.0 (°F). If the ECT
goes above this temperature the PROP GAIN fraction will remain at 1.0.

LOAD REJECTION

This page is used to adjust the LOAD REJECTION feature, which can help the
engine successfully endure large load dumps while keeping the engine running
without exceeding its overspeed level.
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USE CIRCUIT BREAKER FEED-FORWARD *

This selects the Circuit-breaker feed-forward aspect of the logical Load rejection.
This function causes the throttle to go to a pre-programmed setpoint when the
Generator Circuit Breaker is opened while the MAP pressure is above a pre-
programmed level.

USE LOGICAL OVERSPEED *

This selects the Logical Overspeed aspect of the logical Load rejection. This
function causes the throttle to go to a pre-programmed setpoint when the Engine
Speed reaches a high threshold while the MAP pressure is above a pre-
programmed level.

REJECTION TIME DURATION *
The duration that the Throttle is held after a Load Rejection Event is detected
(sec).

REJECTION MAP THRESHOLD *
The MAP level that the engine must be above to trigger the Load Rejection Event

(psia).

REJECTION THROTTLE POSITION *
The Throttle position that the Load Rejection function forces for the REJECTION
TIME DURATION when the Load Rejection Event is triggered (%).

LOGICAL OVERSPEED LEVEL *
The speed above Rated and below overspeed that will trigger the Load Rejection
Event when enabled (RPM).

SEQUENCE SETTINGS

PURGE TIME *

Sets the time delay for the engine to expel explosive mixtures through the intake
and exhaust before the ignition is activated (sec).

IS CRANKING SPEED *
Sets the engine speed that is considered cranking speed, this will activate the
Start Fuel Limit (RPM).

IS RUNNING SPEED *
Sets the engine speed that the engine is considered running on its own. This is a
key value, most sequencing in the E3 Control uses the Run Speed switch (RPM).

IS STOPPED SPEED *
Sets the engine speed that the engine is to be stopped (RPM).

LOAD REFERENCE SETTINGS

REMOTE SPEED REFERENCE SELECT *

Drop down select box that selects the input used by the REMOTE REFERENCE.
Possible selections: ANALOG INPUT, easYgen J1939, or MODBUS.

MINIMUM LOAD *
The lowest Load Reference Limit (kW).

MAXIMUM LOAD *
The Highest Load Reference Limit (kW).

RAISE RATE *
The Load Reference Raise Rate (kW/sec).
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LOWER RATE *
The Load Reference Lower Rate (kW/sec).

REM REF LIMIT *
The Remote Load Reference Maximum Limit (kW).

REM REF RATE *
The rate at which the control tracks the Remote Load Reference input (kW/sec).

SYSTEM SHUTDOWN CAUSES INSTANT UNLOAD *
Check this box to cause the Load Reference to instantly ramp to zero load if a
Control Shutdown occurs.

DISCRETE OUT SETTINGS

IGNITION OFF DELAY *

The control waits this amount of time after closing the Gas Shut-Off Valve before
the Ignition is turned off.

SPEED SWITCH RELAY DROPOUT *
The threshold at which the Speed Switch drops -out (sec). If the Dropout is
higher than the pickup then the switch becomes active below the dropout speed.

SPEED SWITCH RELAY PICKUP *
The threshold at which the Speed Switch picks-up (sec). If the Pickup is higher
than the dropout then the switch becomes active above the pickup speed.

BATTERY CONSERVE DELAY *
Time period the BATTERY CONSERVE OUTPUT is on after last engine roll
(sec).

MODE *

Dropdown select box with possible states: BATTERY CONSERVATION,
ALWAYS ON, or ALWAYS OFF. BATTERY CONSERVATION mode sets the
relay immediately on engine start and resets after the engine has been stopped
for BATTERY CONSERVE DELAY. ALWAYS ON OR ALWAYS OFF modes
allow troubleshooting and setup.

AFR CONTROL SETTINGS *

USE AVERAGE SIGNAL FOR CONTROL *

Use the per cycle average as the process signal, if this value is unchecked the
control uses the AFR SIGNAL calculation for the PID process signal.

USE PRE-CAT PID SAMPLING *
Check this box to use the Pre-cat PID synchronized to the HEGO sample
gathering. Uncheck this box to use normal PID.

USE POST-CAT PID SAMPLING *
Check this box to use the Post-Cat PID synchronized to the HEGO sample
gathering. Uncheck this box to use normal PID.

CONFIG SPEED SENSING

SPEED SENSING
USE LOW-PASS SPEED FILTER *
Check this box to activate the Low-Pass Speed Filter.

LOW-PASS SPEED FILTER *
Speed Filter Cut-off frequency (Hz).
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SPEED SAMPLES PER CYCLE *
Enter the number of engine cylinders or integral divisor.

CRANK EDGE RISING *
Check this box to configure the Crank signal to trigger on the rising edge.
Uncheck for falling edge.

CRANK SENSOR TYPE *
Drop down select box possible selections: PROXIMITY SWITCH or MAGNETIC

PICK-UP.

GEAR PATTERN CONFIGURATION

CRANK TEETH *

Enter two times the number of teeth or holes on flywheel (teeth). NOTE: As the
Crank Teeth goes up, the maximum rpm measurement is reduced. Speed signal
measurement limitations are as follows: 2530 RPM at 301 Teeth, 761 RPM at
1000 teeth.

CAM TEETH *
Enter two times the number of teeth or holes on flywheel (teeth).

Changing Table Values in ToolKit HMI

The values in the 2D and 3D tables in toolkit can be changed by clicking on the
value with the mouse and entering a new value. The value entered is used in the
control after the left mouse button is clicked or the enter key is pressed. To make
it easier to manipulate several values, or even a whole table at once, the cells to
be edited are highlighted using the mouse and then the right mouse button is
clicked. This opens a popup window as shown in Figure 3-70. In the popup
window there are different options to modify the table values as shown in Figure
3-71.

418-2841.Rev101.wtool - Woodward ToolKif - [3x]
Fle View Device GSettings Tools Help
P01 S H | S a5 |8 O 11-TRIMyAVE oPENLOOR =&
|| General
Speed 0 RPM LEFES
of w0 = 0]« 50 & 70 0] sl 10
Speed 1000 RPM
erence 280 280 280 280 280
Throttie 00 % 280 280 280) 280 280
v - 280 280 20| 280 280
rmveE - 280] 280 280 280/ 280
Load 00 % _ 280 280 20| 280 280
- z /% Edit Values E9] 260 80 20| 20 20
Map 378 kPa = 20 280 280 20| 280
]
A 280 280 280 280 280
ECT 800 -C = 280 280 280) 280 280
s oK Cancel .
P 280 280 280] 280 280
Lambda Desired 1010 80 | 280| 280 280 280 20| 280 280 280 280 280 280
- 1950 | 280| 280 20 280 280) 280 280] 280) 280 280 280
T 0000
Measured 7100 | 280] 280] 280] 280] 280| 280 =280 280 280 280] 280
losed Loop 000 % Trim valve Position (%)
System Info
ECT(C)  Multiplier
@ Shutdown MAP Percentage %0 % i) s
@ Aam Trim valve Position from table 20 %
[ Reset Alarms / 5D Open Loop Trim valve position 2800 %

[] Save Tunables
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Total Runtime 00 Hours

Back to
Navigation Page

[Connected on COM2 | Min: -100000000000000000000000000000000000000.0, Max;: 100000000000000000000000000000000000000.0

Figure 3-70. Editing Several Values in 2D and 3D Tables
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% Edit Values

Figure 3-71. Selecting an Operator to Modify Table Values

Toolkit Trend Chart Component

The Toolkit Trend Chart Component allows you to monitor values in a trend
window. See Common Component States in Toolkit Help for Trend Chart states.

Monitoring Values

The Trend Chart component displays multiple values in a trend with the
parameter name.

To start monitoring values using the Trend Chart component, left mouse click on
the Start button.

To stop monitoring values using the Trend Chart component, left mouse click on
the Stop button.

Changing Trend Chart Properties

You can modify the properties of the plots and the Trend Chart component by
clicking the Properties button on the Trend Chart component. Some of the
properties you can change include the Time Span and Sample Rate of the chart
as well as the Scale and Color of each individual plot.

Removing a Plot from the Trend Chart

There are several methods to remove a plot from the Trend Chart. Choose a
method below to remove a plot. Once a plot has been removed, you will not be
able to recover the plot. You can only re-add the parameter to the Trend Chart by
dragging it from the list of parameters in the Design Tools window and dropping it
on the Trend Chart component.

Method 1:

In Run Mode, right-click on the plot to remove.

Select Remove Plot from the pop-up menu.

Method 2:

In Run Mode, click on the Properties button.

In the Trending Properties dialog, select the plot to remove and click on the
Remove Plot button.

Close the Trending Properties dialog.

Method 3:

In Design Mode, select the Trend Chart component.

Select the Properties... tab of the Design Tools window.

Click the ... button adjacent to the Plots property.

In the Plot Properties dialog, select the plot to remove and click on the Remove
Plot button.

Close the Plot Properties dialog.
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Exporting Trend Values

The Trend Chart component allows you to export the trend values that are
currently in the visible trend chart to a .csv file for inspection by other programs.
To export trend values:

Capture the trend in the trend chart window.

Right mouse click on the Export... button.

Select the file name to be saved in the Save Dialog.

Select the Save button on the Save Dialog.

Trend on the Fly

ToolKit allows you to trend any value even if a trend chart is not part of your tool.
To trend on the fly:

Connect to the device.

Right mouse click on the component containing the parameter value you wish to
trend.

Left mouse click the Add To Trend pop-up menu item.

The Trending window will open with the parameter value you selected.

To add additional parameters to the trend repeat steps 3 and 4 for each
parameter.
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Chapter 4.

Hardware Installation
]

Introduction

This chapter contains instructions for E3 Stoichiometric Trim hardware
installation. The system includes the following required or optional components
and inputs/outputs:

e  E3 control module (PCM128-HD)
e  Engine speed sensor
e  Manifold pressure sensor
¢  Manifold temperature sensor
e  Engine coolant temperature sensor
e  Engine protection sensors: oil pressure, oil level, coolant level
e  Catalyst diagnostic sensors: delta-pressure, temperature
e Analog Inputs (0-5 V)
Generator Power input
Remote Speed/Load reference
Speed reference bias
Actuator Position Feedback (TPS)
e PWM Speed Bias Input
e HEGO sensors (pre-catalyst & post-catalyst)
e Discrete Inputs and Outputs
e  Throttle actuator
e  Trimvalve
e 1C-920/922 Ignition system
e easYgen™ 3100/3200 power management controller
e  Third-Party SAE J1939 CAN Thermocouple Node

Figure 4-1 shows an overview of the major system components.

Figure 4-1. System Overview
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Control Module

EXPLOSION HAZARD—Refer to product manual 26309 for the
PCM128-HD Digital Control for detailed regulatory compliance
information and installation warnings associated with this product.

EXPLOSION HAZARD—Do not connect or disconnect while circuit is
live unless area is known to be non-hazardous.

Substitution of components may impair suitability for Class I,
Division or Zone applications.

The control will only meet ingress protection specifications with all
mating connectors properly installed. In addition, all unused
connections in the mating connectors must be plugged to ensure
proper sealing of the connectors. Refer to Table 3-1 for the proper
Connector Plug part numbers. Failure to adhere to these guidelines
may result in product failure or decreased product life.

Due to the hazardous location listings associated with this product,
proper wire type and wiring practices are critical to operation.

Do not connect any cable grounds to “instrument ground”, “control
ground”, or any non-earth ground system. Make all required
electrical connections based on the wiring diagram (Chapter 6).

Control Module Power Requirements

The PCM128-HD requires a voltage source of 18 to 32 Vdc (24 Vdc nominal).
The power dissipation within the control is typically less than 15 W.

IMPORTANT

Total power consumption for both the control and the driven load is
dependent upon the application. A typical application may require 0.5
to 0.8 kW to drive the loads under all operating conditions. The
power source must be sized appropriately for the application.

NOTICE

To prevent damage to the control, do not exceed the input voltage
range.

IMPORTANT

If a battery is used for operating power, an alternator or other
battery-charging device is necessary to maintain a stable supply
voltage.

To prevent damage to the control, make sure that the alternator or
other battery-charging device is turned off or disconnected before
disconnecting the battery from the control.
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Location of Control Module

Consider these requirements when selecting the mounting location:

e  Adequate ventilation for cooling. Select a location on the engine that will
provide an operating temperature range of —40 to +85 °C (—40 to +185 °F).
A position low on the engine is more likely to be in this temperature range.

e  Space for servicing and repair.

e  Protection from direct exposure to water or to a condensation-prone
environment.

e  Protection from high-voltage or high-current devices, or devices which
produce electromagnetic interference in excess of levels defined in
EN61000-6-2 (Immunity).

e  Avoidance of high vibration. Vibration or shock dampeners should be used
when mounting the control.

e  The control should be electrically grounded to the engine. If the control is
mounted inside an enclosure, it should be a metallic enclosure and attached
to the engine such that the engine and enclosure have the same ground
potential.

e  Wiring to and from the control should be routed within two inches of engine-
ground-potential structural components to minimize subjecting the control to
electromagnetic interference.

e  Mounting dimensions and instructions are shown in Figure 4-2.

Mounting of Control Module
Mount the control module using the included vibration dampeners.

Bolt dimensions and torque to 8 N-m. Engine ground — 1”7 (25 mm) wide copper
braid 18” (46 cm) in length max. Ensure that the mounting location does not
subject the control module to environmental factors in excess of the limits
specified in the PCM128-HD hardware manual (document 26309).

Electrical Connections
Figure 4-3 shows the E3 connector location and terminology. Table 4-1 provides
information on the mating connectors. Table 4-2 is the list of tools to be used for

the pinning of the ECU (PCM128-HD).

Table 4-1. Mating Connectors

Connector Woodward Manufacturer’s
Part Number Part Number
J1-C and J2-A, 24-pin Connector 1635-1175 Tyco 4-1437287-5
J1-B and J2-B, 24-pin Connector 1635-1176 Tyco 4-1437287-6
J1-A, 32-pin Connector 1635-1177 Tyco 4-1437287-7
Terminal 18-20 AWG (0.91-1.16 mm) | 1602-1028 Tyco 0-1437284-9
Terminal 14-16 AWG (1.46-1.84 mm) | 1602-1029 Tyco 1-1437284-0
Plug (Seals unused pin locations) 1602-1030 Tyco 4-1437292-3
24 pin connector cover 1635-7001 Tyco 4-1437287-8
32 pin connector cover 1635-7002 Tyco 4-1437287-9
Table 4-2. Connector Tools
Tool Woodward Manufacturer’'s Part
Part Number Number
Crimper 8996-2041 Tyco 1456088-1
Extractor (steel) 8996-2052 Tyco 1437303-9

A connector kit is available with all mating connectors and pins: PN 8928-1096.
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Figure 4-2. E3 (PCM128-HD) Hardware (PN 8237-1238)
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Figure 4-3. E3 Connector Terminology

Wiring Guidelines

DO NOT run signal wires next to wires carrying large currents (such
’MPORTANT as power source wiring).

e Allfield wiring should be limited to < 30 meters in length.
e The power lines to the control should be limited to < 10 meters
in length from the power supply.

See Woodward application note 50532, Interference Control in
Electronic Governing Systems, for more information.

Where shielded cable is used (such as cam or crank speed signals, HEGO

sensor inputs, or communications signals), cut the cable to the desired length

and prepare the cable as instructed below.

e  Strip outer insulation from BOTH ENDS, exposing the braided or spiral
wrapped shield. DO NOT CUT THE SHIELD.

e Using a sharp, pointed tool carefully spread the strands of the shield.

o  Pull inner conductor(s) out of the shield. If the shield is the braided type,
twist it to prevent fraying.

¢ Remove 6 mm (1/4 inch) of insulation from the inner conductors.

e  Ground the shield at the source end and cut off the exposed shield at the
receiving end.

. Installations with severe electromagnetic interference (EMI) may require
additional shielding precautions. Contact Woodward for more information.

Transducer Ground

Most sensor inputs are single-ended. The low side of these sensors should be
connected to transducer ground, which is PCM128-HD terminal J1-A24
(TRANSDUCER GROUND).

Shielded Wiring
Connect all shielded wires to ground on J1-B24 (SHIELDING GROUND) (not to
J1-A24 (TRANSDUCER GROUND))
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Power Inputs

Power supply output must be low impedance (for example, directly from a
battery). DO NOT power the control from high-voltage sources with resistors and
zener diodes in series with the control power input.

To prevent damage to the control, do not power a low-voltage control
NOTICE from high-voltage sources, do not exceed 32 V on the power inputs
for more than 1 minute, and do not power any control from high-

voltage sources with resistors and zener diodes in series with the
power input.

Power Ground

Connect the power leads directly from the power source to the control. DO NOT
POWER OTHER DEVICES WITH LEADS COMMON TO THE CONTROL. Avoid
long wire lengths. Connect the battery positive (power source positive) to the
J1-B2, J1-B8, J2-A18, and J2-A19 inputs and battery negative (power source
common) to J2-A15, J2-A16, J2-A24, and J2-B9. If the power source is a battery,
be sure the system includes an alternator or other battery-charging device.
Power supply wiring is shown schematically in Figure 4-4.

J1-B2

J1-B8

J2-A18

Fuse

0 ~_0O J2-A19
10A

J2-A15

J2-A16

J2-A24

J2-B9

Figure 4-4. Power Supply Wiring

Proper fusing of the control is highly recommended to prevent

NOT’CE damage to the control in case of shorts that may occur in the field
wiring. Fuses should be wired in series with all the power inputs to
the control.
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Key Switch Input

The key switch (KEY_SW) discrete input provides a power-on wake-up
command signal to the PCM128-HD control’s internal power supply. Once
activated the control’s internal power supply will remain active until commanded
to shutdown by the application program. The voltage at this terminal is reported
to the application.

This input should be powered whenever the system is powered.

Serial Communications Port (RS-485)

RS-485 is also an ANSI standard definition of electrical connections for
communications between devices. Because it uses balanced drivers, it can
communicate over long distances (1200 m/4000 ft) at high baud rates (115 K).

Interface Cables

When choosing a cable for RS-485, it is necessary to examine the required
distance of the cable run and the data rate of the system. Beyond the obvious
traits such as number of conductors and wire gauge, cable specifications include
a handful of less intuitive terms.

Characteristic Impedance (ohms)—A value based on the inherent
conductance, resistance, capacitance, and inductance of a cable that represents
the impedance of an infinitely long cable. When the cable is cut to any length and
terminated with this Characteristic Impedance, measurements of the cable will be
identical to values obtained from the infinite length cable. Therefore, termination
of the cable with this impedance gives the cable the appearance of being infinite
length, allowing no reflections of the transmitted signal. When termination is
required in a system, the termination impedance value should match the
Characteristic Impedance of the cable.

Shunt Capacitance (pF/ft)—The amount of equivalent capacitive load of the
cable, typically listed in a per foot or per meter basis (1 pF/ft = 3.28 pF/m). One of
the factors limiting total cable length is the capacitive load. Systems with long
lengths benefit from using low capacitance cable.

Propagation velocity (% of c)—The speed at which an electrical signal travels
in the cable. The value given typically must be multiplied by the speed of light (c,
3x108 m/s) to obtain units of meters per second. For example, a cable that lists a
propagation velocity of 67% gives a velocity of 0.67 x 3x108 = 2.01x108 m/s. The
higher the percentage, the smaller the signal delay.

General recommendations for serial cable are listed in Table 4-3.

Table 4-3. Serial Cable Requirements

Impedance 100 Q +20%
Cable capacitance 52.5 pF/m (15.0 pF/ft) at 1 kHz
Propagation Velocity | 67.0%

Data Pairs 0.2 mm? (24 AWG) solid bare
copper
Signal attenuation 6.0 dB maximum
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Recommended Bulk Cable

Woodward recommended cables are compatible with long run lengths and high
baud rates. Longer cable lengths than the maximum specified may be possible at
lower baud rates with the best cables, but are not supported by the ANSI
standards for RS-485.

Shielded Ethernet Category 5 cable is a very good cable selection for RS-485
networks. It will support cable lengths to 900 m (3000 ft) at baud rates up to
115200. Since Ethernet cable is easy to find and is inexpensive, it will often be
the cable of choice. Shielded cable must always be used.

Belden 89207 is a 20 AWG low capacitance cable that is also a good choice for
RS-485 networks. It is a larger wire size than Ethernet cables and other typical
serial cables, so it is better suited for engine wiring and high-speed
communications. At maximum baud rate this cable should be limited to 150 m
(500 ft) or less. Shielded cable must always be used.

Since Ethernet cables and other typical serial cables have wire sizes smaller
than the 18 AWG minimum for the ECU (PCM128-HD) connector, special wiring
practices will be necessary for a good crimp.

The RS-485 serial port is used to provide communications between the control
and a PC service tool. Figure 4-5 shows an RS-485 communication schematic.

R5—485
L] L]
» L
MASTER SLAVE

Figure 4-5. RS-485 Standard Link

Termination

For RS-485, termination should be at each end of the cable. The value of each
termination resistor should be equal to the cable impedance (typically, 120 () for
twisted pairs). If termination cannot be located at the end of a cable, it should be
placed as close as possible to the end of the cables.

EasySync USB Serial Adapter, Woodward PN 1784-1037

Woodward recommends using the EasySync USB Serial Adapter when
connecting the RS-485 communication port to a PC. The adapter receives its
power from the USB port of the PC. It does not need an external power source.
This adapter is automatically detected and installed when plugged into the USB
port of a PC. If the device is not initially detected and installed, the unit comes
accompanied with a Drivers/Installation guide that can be easily installed
following the directions below:
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Installation for Windows 2000/XP/2003 Drivers

1.

aobwd

i

9.

10.

Plug the USB connector into the USB port on the adapter, and connect the
USB connector on the other end of the cable to the host USB port on the
PC.

A window will open: “Found New Hardware Wizard.”

Click “Next.”

Select “Search for the best driver for my device”, and click “Next.”

Select “Specify a location” and click “Next”. In the “Copy Manufacturer’s file
from”, type “D:\USB-COM” where “D” is the location of the PC’'s CD-ROM.
Windows driver file searches for the device “USB-COM Serial Adapter”
Click “Next” to continue.

Windows has finished installing the software. Click “Finish” to complete the
first part of the installation.

The “Found New Hardware Wizard” appears again, and will complete the
installation for the device “USB Serial Port”.

Repeat steps (4) to (8) to complete installation.

Inside the unit, there is a 10x2 (20 pin) header block that must be jumpered
properly to select the mode of operation. The adapter is capable of converting
USB to RS 422 or RS 485, the port used by the PCM-HD. To configure the
device, the plastic cover must be removed. To configure the adapter for the RS
485 port it must be configured as shown in the following table:

Jumper Populated (Y/N?)

1-2

34

5-6

7-8

9-10

11-12

13-14

15-16

17-18

19-20

<|z|<|z|<|z|<|<|z|<

The EasySync adapter and its jumper locations are depicted in Figure 4-6.

usSB

Jumpers o

N

DB9 (Male)

Figure 4-6. EasySync RS-485 to USB Adapter
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CAN Communications Ports

The ECU (PCM128-HD) has two CAN ports. The CAN ports are not isolated from
each other, or from any of the other circuitry on the PCM128-HD control, i.e.,
they share a common ground. The internal CAN port is used only for
communication with Woodward on-engine hardware. Optional on-engine
hardware with CAN communication includes the F-Series ITB/actuator with CAN,
ProAct Digital PLUS, ProAct ISC, Third-Party J1939 TC Node, and the
IC-920/922 ignition control. The external port is used for plant communications,
and can be connected to other equipment when applying a CAN isolator or
isolated gateway.

Table 4-4. PCM128-HD CAN Specification

Transceiver type CAN 2.0B

Isolation voltage None

Baud rates supported | 125, 250, 500, and 1000 kbps
Protocols supported | CANopen, SAE J1939

Figure 4-7 depicts typical CAN bus topology.

Node 1 Node 2 Node 3

CAN Hi

1210 1210

CAN Lo

Figure 4-7. CAN Bus Topology

Per ISO 11898-2 the two-wire CAN bus must meet the following criteria:

¢ A maximum length of 25 m for 1 Mbit/s data rate, 40 m for 250 kbits/s.

e  Arecommended maximum drop line length of 0 m for 1 Mbit/s data rate, 1 m
at 250 kbits/s.

e  Characteristic line impedance of 120 ()

e Nominal line resistance of 70 m./m.

¢  Nominal specific propagation delay of 5 ns/m.

On both CAN links the SAE J1939 protocol is used and restricted to 250 kbps
and the SAE J1939 standard limits wiring distances to 40 meters, when un-
isolated controls are connected to the J1939 link.

Recommended Cable

Use only recommended shielded cabling for a CAN network. Correct cable is
available from Raychem and many other suppliers providing equivalent cable.
“J1939/11” cable is a good example of CAN cable for on engine use.

Part Description
Number

Raychem Cheminax, J1939-11, 0.75 mm?, 120 Q characteristic impedance,
2019D0301 10.5 pF/ft mutual capacitance, 74% velocity of propagation
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The basic cable requirements are listed in Table 4-5. When selecting other
cables, be sure they meet these requirements.

Table 4-5. Cable Specification

Data pair

. 120 Q +10% at 1 MHz
impedance

Cable capacitance | 12 pF/ft at 1 kHz (nominal)

Capacitive 1200 pF/1000 ft at 1 kHz (nominal)
unbalance

Propagation delay | 1.36 ns/ft (maximum)

DC Resistance 6.9 Q /1000 ft @ 20 °C (maximum)

0.75 mm?- 1.0 mm? corresponds to 20 — 18 AWG,

Data Pair individually tinned, 3 twists/foot
Drain / Shield 0.75 mm?— 1.0 mm? Tinned Copper drain wire inside a braid
Wire or foil shield

0.13 dB/100 ft @ 125 kHz (maximum)

Signal attenuation  "555°48/700 ft @ 500 kHz (maximum)
0.40 dB/100 ft @ 1000 kHz (maximum)

Network Construction

There are a number of different ways to physically connect devices on a CAN
network. Woodward recommends that multi-drop networks be constructed using
either a “daisy chain” configuration (also called zero length drop line) or a
“backbone” with very short drop lines for best performance.

In a daisy chain configuration, wires are run from one device to the next device
without drop lines.

In a backbone with stubs configuration, a main trunk line is run between the two
devices that are physically farthest apart and have the physically longest cable.
Stub lines are run from the intermediate devices to the trunk line. Stubs should
be kept as short as possible and may never exceed 6 m (20 ft). As shown in
Figure 4-8, it is acceptable to mix both methods on the same network.

Zero Lengih Deop Line Shert Drrap Lines (6 m'20 1t

Figure 4-8. CAN System Wiring Example
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A daisy chain (zero drop length) connection is not feasible at the PCM128-HD
connection due to the sealed connector design. The next best alternative is to
use a very short drop line from the trunk into the PCM128-HD. Special ‘T’
connectors (Tap in the diagram above) are available from multiple manufacturers
to ease the wiring harness manufacture. Also available from the same
manufacturers, are termination resistors that plug directly into the ‘T’ connectors
for the network ends.

The PCM128-HD may be used on networks where isolated CAN devices are
present. In this case the isolated nodes may have a signal common connection
that should be connected to B- for proper referencing with the PCM128-HD. Non-
isolated nodes (such as the PCM128-HD) do not have a signal common
available for connection. Where the signal common is not available, use the
alternate wiring scheme of connecting the CAN ground wire from the isolated
nodes to the B- terminal at a non-isolated node. B- is typically the signal
reference for CAN if isolation is not provided. Do not connect to B- at more than
one location.

Termination

It is necessary to terminate the network to prevent interference caused by signal
reflections. Depending on network length, many CAN networks will not operate
without proper termination.

In order to allow the possibility of removing and inserting a unit onto a running
network, the CAN termination network is not included inside the PCM128-HD
control. An external CAN termination network must be provided.

As a rule, no matter how many units are on a network, there should never be
more than two network terminations installed. Termination resistors must be
installed only for the two units that are at the physical ends of the network.
Terminating more than two units can overload the network and stop all
communications.

Termination is a simple 121 Q, V4 watt, 1% metal-film resistor placed between
CAN high and CAN low terminals at the two end units, a differential termination.
Do not connect the termination resistor to anything besides the CAN high and
CAN low wires.

Shielding

Shielded CAN cable is not required between the ECU (PCM128-HD) and any
other device(s), but it is highly recommended. Unshielded or improperly shielded
cables are likely to cause communication problems and unreliable control
operation. Improper shield termination to ground can also cause communication
problems and unreliable control operation.

If shielding is used with the E3 CAN wiring, the shield should only be tied at the
ECU (PCM128-HD) control ground J1-B24 (Shielding Ground). If the shield is
grounded at the other end, it should be through a high-frequency AC ground, i.e.,
via a 0.01 pF capacitor to chassis-body ground. Figure 4-9 shows an example of
a CAN network for the E3 Stoichiometric Control system.
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Note 1: Cable per ISO 11898-2:

Maximum length of 40 m. For the J1939 on 250 Kbps.
Ends of the network need to be terminated with 120 () resistors

Nominal resistance of line is 70 mQ/m
Nominal specific propagation delay of 5 ns/m.

Note 2: Maximum length of drop line length of 1 m at 250 kbps
Note 3: Shielding only to be connected to F-Series and E3 sides. The shielding

needs to be continued through.

Note 4: Ends of the network need to be terminated with 120 Q resistors
Note 5: Termination resistor on ProAct™ side is mounted inside ProAct. Only a

jumper needs to be installed to make the termination active.

Figure 4-9. CAN Network Example

Fuel Trim Valve

EXPLOSION HAZARD—Leak check all gaseous fuel connections.
Leaking gaseous fuel can cause explosion hazards, property
damage, or loss of life.

EXPLOSION HAZARD—Do not remove covers or connect/disconnect
electrical connectors unless power has been switched off or the area
is known to be non-hazardous.

Substitution of components may impair suitability for Class |,
Division 2 or Zone 2.

Refer to product manuals 26249 and 26237 or 26289 for the L-Series;
26355 for F-Series; 26112 for the ProAct for detailed regulatory
compliance information and installation warnings associated with
these products.
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External fire protection is not provided in the scope of this product. It
is the responsibility of the user to satisfy any applicable
requirements for their system.
Due to the hazardous location listings associated with this product,
proper wire type and wiring practices are critical to operation.

Do not connect any cable grounds to “instrument ground”, “control
NOTICE ground”, or any non-earth ground system. Make all required

electrical connections based on the wiring diagram (Chapter 6).

Due to typical noise levels in engine environments, hearing
ACAUTION protection should be worn when working on or around the Fuel Trim
Valve.

The surface of this product can become hot enough or cold enough
ACAUTION to be a hazard. Use protective gear for product handling in these
circumstances. Temperature ratings are included in the specification
section of this manual.

Trim valve installation instructions are available in the individual component
manuals. See the Approved Electronic Parts List (Chapter 7) for available trim
valves and corresponding technical manuals.

For assistance with determining the correct valve size and actuator type, please
contact Woodward.

Throttle Actuator (F-Series, Flo-Tech, & ProAct)

products.

Refer to product manuals 26355, 04141, and 26147 for the F-Series,
Flo-Tech, and ProAct Analog for detailed regulatory compliance
information and installation warnings associated with these
EXPLOSION HAZARD—Do not remove covers or connect/disconnect
electrical connectors unless power has been switched off or the area
is known to be non-hazardous.

Substitution of components may impair suitability for Class I,
Division 2 or Zone 2.
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RISQUE D’EXPLOSION—NEe pas enlever les couvercles, ni
raccorder / débrancher les prises électriques, sans vous en
assurez auparavant que le systeme a bien été mis hors
tension; ou que vous vous situez bien dans une zone non
explosive.

La substitution de composants peut rendre ce matériel
inacceptable pour les emplacements de Classe I, Division 2
ou Zone 2.

Due to the hazardous location listings associated with this product,
proper wire type and wiring practices are critical to operation.

Do not connect any cable grounds to “instrument ground”, “control
NOTICE ground”, or any non-earth ground system. Make all required

electrical connections based on the wiring diagram (Chapter 6).

Throttle Body and Actuator Sizing

Please contact Woodward for correct throttle body and actuator sizing for your
application.

Installation Instructions

Complete installation instructions for the F-Series, Flo-Tech & ProAct Analog
throttle actuators are available in the individual manuals:

Manual 26355, F-Series Actuator and Integrated Throttle Body
Manual 04141, Flo-Tech™ Integrated Actuator and Throttle Body
Manual 26147, ProAct™ Analog Electric Actuator with Integral Driver

Electrical Connections

The mating connector kit for the 14 pin F-Series is part number 8923-1311. The
mating connector kit for the 23 pin F-Series is part number 8923-1312. The
connectors and terminals can also be purchased from the manufacturer directly:
Tyco Electronics

14 pin connector part number 770680-1

23 pin connector part number 7762731

Contact part number 770854-3

The mating connector kit for the 75 mm Flo-Tech is part number 8923-371. The
connectors and terminals can also be purchased from the manufacturer directly:
Delphi Packard Electric

Connector part number 12020926
Contact part number 12089188
Wire seal part number 12015323
Sealing plug part number 12010300
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Supply Voltage

The supply voltage during normal operation must be 18 to 32 V, measured at the
throttle actuator connector. Follow the supply power wiring requirements that are
specified in the respective F-Series, Flo-Tech & ProAct installation and operation
manuals.

Actuator PWM Option

The E3 Stoichiometric Control system is enabled to drive up to four (4) PWM
Actuators including F-Series, L-Series, ProAct Digital Plus, and P-Series throttle
bodies and actuators. With this option a TPS position monitoring signal and
Status Output signal can be used by the E3 to provide robust diagnostics.

Actuator SAE J1939 Option

The E3 Stoichiometric Control system is enabled for F-series, ProAct Digital
Plus, ProAct ISC, and P-Series throttle bodies and actuators with SAE J1939
communications capability for control and diagnostic messages.

CAN Termination
Follow the CAN termination instructions in the section above in this chapter, titled
CAN Communications Ports.

Shielded Wiring
See the section above in this chapter, titted CAN Communications Ports, for
recommended shielding practices.

The CAN Shield can be used to terminate the shield of the CAN wiring. Internally,
this pin is connected to the actuator case through a capacitor.

Service Tool Communications

Please consult the respective Actuator Installation and Operation manual
publication for instructions on connection and use of the Actuator service tool.

Engine Speed Sensor

If a variable reluctance magnetic pick-up sensor (MPU) input is used to detect
engine speed, it should be mounted as shown in Figure 4-10 and connected to
the PCM128-HD as shown in Figure 4-11. Shielded wire for the speed sensor
inputs is recommended, but is not required unless problems are encountered due
to noise on the signal. Connect the shield to J1-B24 (SHIELDING GROUND).
Make sure the shield has continuity the entire distance to the speed sensor, and
make sure the shield is insulated from all other conducting surfaces. If shielded
wire is not used, then a twisted wire pair is the next best alternative.
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Housing

Ring Gear ol

Flywheel

O

Gap: 0.25-1.25mm

Figure 4-10. Magnetic Pickup Mounting in Flywheel Housing

The following installation guidelines should be observed:

o Install the magnetic pickup (MPU) on the outside diameter of the flywheel
gear, either through a housing or a bracket. Usually the MPU will be located
in the flywheel housing of the engine.

o  Set the gap between the MPU and the flywheel gear between 0.25 and 1.25
mm.

e  Connect the MPU wires to the E3 Stoichiometric Trim control, terminals J1-
A2 and J1-A13.

e  Minimum voltage of 1.5 to 2 Volt top-top is needed for proper signal
detection.

J1-
Passive ] I at3] CNK

C L

MPU LI lenk VR
A2 —
T— JI-1 XDRG_A

B24

Figure 4-11. Magnetic Pickup Wiring — Speed sensor

Optionally, an active proximity probe can be used. Proximity sensor wiring is
shown in Figure 4-12. For more information refer to the PCM128-HD hardware
manual (document 26309).

N Prox Pwr
I

Hall-effect Al CNK
Proximity
Sensor J1-1 CNK_VR- .
A2
-
vl XDRG_A

Figure 4-12. Proximity Sensor Wiring — Speed Sensor
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Manifold Absolute Pressure Sensors (MAP1 & MAP2)

The standard Manifold Absolute Pressure (MAP) Sensor for the E3 system is PN
6910-314. The MAP sensor is required and is used to indicate engine load,
calculated using the Engine Speed and Manifold Air Temperature. Two MAP
sensors are required for Stereo AFR control. Two MAP sensors can be used for
Mono AFR control and the control calculates the average for internal use or the
second sensor is used as a hot standby and takes over if the first sensor faults.

Mount the MAP sensor at a position where only minor ambient temperature
changes occur during normal operation. The pressure connection of the MAP
sensor should be after the throttle valve, on the topside of the manifold to avoid
oil, water or dirt entering the sensor or hose. Do not mount the pressure
connection close to an intake port, directly after the throttle, or at the dead end of
the manifold to avoid erratic readings due to pulsations or strong turbulence.
Place the MAP sensor higher than the sample point. Mount the tube or hose
continuously rising to avoid trapping oil, water or dirt in the hose or tube.

Connect the wires of the MAP sensors to terminals J1-A30 (MAP 1) & J1A6
(MAP 2), and transducer ground as shown in Figure 4-13. The physical inputs for
these functions are configurable in the software; default input settings are shown.

+5V | J1-A11

—
MAP1 ;

ground | J1-A24

MAP #1

Figure 4-13. Manifold Pressure Sensor Wiring

For the use of customer-provided or optional Woodward-provided MAP sensors,
please contact Woodward.

Manifold Air Temperature Sensors (MAT 1 & MAT 2)

The standard Air Temperature Sensor (MAT) Sensor for the E3 system is PN
DL08041301. The MAT sensor is not required but improves accuracy of the
engine load (Qnx) based on air density in the manifold. Two MAT sensors can be
used for Stereo AFR control. Two MAT sensors can be used for Mono AFR
Control and the control calculates the average for internal use or the second
sensor is used as a hot standby and takes over if the first sensor faults.

Install the Manifold Air Temperature (MAT) sensor in the inlet manifold of the
engine. Connect the two wires of the sensor element to terminals J1-A10 (MAT
1) & J1-C6 (MAT 2) and transducer ground; see “E3 Wiring Diagram”.

It is important that the sensing element in the tip of the sensor measures the
temperature that represents a good average of the flow. When the tip of the
sensor is too close to the wall, the influence of the temperature of engine
components affects the measurement.

The PT-100 MAT sensor used with the legacy product EGS-01 is not compatible
with the E3. The MAT sensor should be a NTC thermistor type. For the use of
customer-provided or optional Woodward-provided MAT sensors, please contact
Woodward.
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TMAP Sensor

For small engines a combined TMAP sensor is available. For large engines (with
relatively thick intake manifold castings) the tip of this sensor will not protrude far
enough into the intake manifold, so the influence of the temperature of engine
components will affect the measurement of manifold air temperature. Figure 4-14
shows TMAP sensor wiring. For more information refer to the TMAP sensor
manual, document 82689 (this document has limited distribution — to receive a
copy, please contact Woodward).

J1-A24 | XDRG_B :GROUND

AT AN13M :MAT

e XDRP_B :+5V
sensaor ANOSM  :MAP

Figure 4-14. Bosch TMAP Sensor Wiring

Engine Coolant Temperature Sensor (ECT)

The Engine Coolant Temperature (ECT) sensor should be installed in the engine
water jacket. The two wires of the sensor element should be connected to the
signal terminal (defaulted to J1-C15) and transducer ground. For more
information, refer to the control wiring diagram in Chapter 6.

Catalyst Pressure Transducers

The Catalyst Pressure taps should be installed in the exhaust stream. Ensure
that water accumulation is accommodated by using drains or locating the
transducer above the pressure tap. The signal output from the transducer
connects to the signal input terminal; the signal return of the transducer is
connected to transducer ground XDRG_B (J1-A24). If the sensor needs a 5 Volt
power supply, connect to XDRP_B (J1-A11). For more information, refer to the
control wiring diagram in Chapter 6.

Catalyst Temperature Sensors

The Catalyst Temperature sensors should be installed in the exhaust stream.
The E3 supports two types of resistive temperature devices, RTD & Thermistor.

The two wires of the sensor element should be connected to the E3 signal input
terminal and transducer ground. For more information, refer to the control wiring
diagram in Chapter 6.

Analog Inputs (0-5 Vdc)

Analog inputs should be 0.5 to 4.5 Vdc signals. If their grounds are not common
to engine ground, they should be isolated with a galvanic isolator. All the Analog
Input functions except the HEGOs are selectable for that type of sensor i.e.
Voltage type sensors and potentiometers can select from AN1 to AN12 (pull-
down inputs). Resistive type inputs can select from AN13, AN 18, AN19, AN26,
AN 27 & AN28 (pull-up inputs).
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Generator Power Input

This input is configured for a load transducer (kW). It is only used if E3 Internal
Load Control is desired.

Woodward recommends real power sensors that are powered separately from
the generator so that a failed load signal is not detected during shutdown. The
signal should be 0.5 to 4.5 Vdc so that a failed signal can be detected.
Measurement of all three phases is recommended for accurate power control. A
kW transducer needs a maximum response time of approximately 250 ms for a
0-90% change in load. An accurate signal and update time will improve Load
Control. A signal from a PLC is not preferred. If a PLC signal is used, then a
galvanic isolator must be mounted between E3 input and PLC output.

Remote Reference

The remote reference input (speed or load) is connected to J1-A25 and
transducer ground. The signal should be a 0.5 to 4.5 Vdc signal, so that loss of
signal can be detected.

Galvanic isolators are required in cases where the signal is shared with other
applications and to eliminate ground loop problems.

Speed Bias

The speed reference bias signal is wired to J1-A16 (default) and transducer
ground. This bias signal is added directly to the speed setpoint. The input signal
must be configured with a null point, such as 2.5 Vdc. The null point voltage
corresponds to a bias of O rpm.

PWM Speed Bias

The PWM Speed Bias signal is wired to DG3 (J1-A19) and transducer ground.
DG3 has a 1 kQ pull up resistor to internal +5 Vdc. The PWM driver must be able
to pull this signal down to 4 Vdc to trigger the input comparator. The default
setting is a 10-90% Duty Cycle with 50% as a null point (zero RPM bias), with the
drive frequency from 16 to 4000 Hz. This bias signal is added directly to the
speed setpoint.

StableSense™ HEGO Sensor

The StableSense HEGO (Heated Exhaust Gas Oxygen) sensor measures the
oxygen content of the exhaust mixture. It is specifically designed for Natural Gas
Engines and provides immunity for Methane and Hydrogen interference. The
StableSense HEGO sensor wiring is shown in Figure 4-15.
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The sensor has an M18x1.5-6e thread which should be coated with anti-seize for
future removal. Mount the sensor such that the tip extends as much as possible
into the exhaust stream. To extend sensor life it is recommended to locate the
HEGO sensor close to the Catalyst to get a better read of what the Air/Fuel Ratio
measures as it enters the catalyst element. The sensor should NOT be mounted
on the catalyst housing if possible as this typically moves the sensor out of the
exhaust stream. A thread boss should be used to provide a flush gasket contact
surface. An example of an approved thread boss is a 1 inch diameter and V4 - 72
inch deep Stainless Steel donut with M18 thread inside. Weld the boss flush with
the exterior of the exhaust manifold, this will allow for the greatest protrusion of
the sensor element into the exhaust stream.

“ IMPORTANT

NOTE—Woodward sensors are designed for use on industrial
stationary applications only.

NOTICE @

HANDLING

DO NOT drop or use an oxygen sensor that has been dropped as
this may have caused shock damage to the ceramic cell

DO NOT use any compounds on or around the sensor unless
labeled as oxygen sensor friendly products

DO NOT use impact wrench or conventional socket type wrench
to install sensor

DO NOT allow sensor or lead wires to touch exhaust manifold or
any other hot component

DO NOT expose this product to water, oil, anti-corrosion oil,
grease, terminal cleaner, etc...

DO NOT store under high humidity conditions

Installation Instructions

Remove protector cap just prior to installation

If not already coated, apply anti-seize to oxygen sensor threads
Install sensor body ensuring lead wires are not twisted or bent
Install all sensors with new gasket supplied

Install finger tight then %% - % turn with wrench or O, sensor socket

arON =

o

(26-33 ft-Ib)

Connect and route lead wires
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J1-

A24
I r [

a- - BLACK

|
I |
B3 i I |
I . I '
D I |
N- L . |
B4 v GRAY i !
| | :

J1- WHITE

A23 | |
I |
| |
VBAT+ WHITE I I
| |
|

/4 L o
Woodward

Run heater leads StableSense™ HEGO
outside of signal PN 1689-1197
shielding

Figure 4-15. StableSense HEGO Sensor Wiring Diagram

SENSOR SIGNAL SENSOR GRD.
(BLACK) (GRAY)

HEATER
(WHITE)

Figure 4-16. StableSense HEGO Sensor Connector Wiring Diagram looking into
the connector.

It is recommended that the wires from the HEGO sensor(s) to the E3
’MPORTANT control be shielded to reduce the levels of EMI. For best performance
shield the heater wires separately to reduce noise emissions.

Galvanic Isolation

To avoid problems with analog connections to the ECU, isolators should be used.
These separate the analog input from the ECU galvanically. These devices
require a power supply, which is also isolated from the input and the output of the
isolator.
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Phoenix supplies configurable isolating amplifiers like MINI MCR-SL-UI-UI(-SP)
(~NC). On the input and output side, the standard signals 0—-20 mA, 4—20 mA,
0-10V, 2-10V, 0-5V, or 1-5 V are available, electrically isolated. The DIP
switch accessible on the side of the housing allows the configuration of the input
and output signal ranges. The voltage supply (19.2-30 Vdc) can either be
provided via connecting terminal blocks "3"/"4" or "7"/"8" of the modules, or
together, via the DIN rail connector.

Discrete Inputs and Outputs

Discrete Inputs

The discrete input HMI screen is shown in Figure 3-64. The E3 control uses up to
12 discrete inputs. The inputs need to be connected to transducer ground on the
control to be activated. There is no detection of input or wiring failure of these
inputs.

The Run command input is failsafe. A failed to open input or broken wiring will
result in an engine stop.

Although certain inputs are user configurable for normally open or normally
closed operation, it is highly recommended that inputs used for engine or
equipment protection (e.g. coolant level, oil level, and external shutdowns) be
configured as normally closed, so that a wiring or switch fault will result in a
failsafe system shutdown, and will required user override or correction of the fault
for engine restart.

“ NOT’CE Input and wiring fault detection is not performed on discrete inputs. H

Discrete Outputs

The discrete input and output HMI screen is shown in Figure 3-65. The E3
control has 2 low-side relay driver outputs (LSO) to act as alarm (J2-B12) or
shutdown (J2-B15) indicators.

A third LSO, J2-B17, can optionally be connected to a gas shutoff valve. If this
option is used, a redundant automatic gas shutoff valve that is completely
independent of the E3 system is strongly recommended.

Typical application of these outputs to drive a relay is shown in Figure 4-17.

In addition, there are optional outputs for driving a MIL (malfunction indicator
lamp), a speed switch, Ignition SD, and Battery Conservation Relay..
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VBAT+
DRVP

Relay

B

2l sos

14T

Figure 4-17. LSO Wiring Output Diagram (Alarm Relay shown)

IC-920/-922 Ignition Module
EXPLOSION HAZARD—Refer to product manual 26263 for the IC-
920/-922 Ignition Module for detailed regulatory compliance
information and installation warnings associated with this product.
EXPLOSION HAZARD—Do not remove covers or connect/disconnect
electrical connectors unless power has been switched off or the area
is known to be non-hazardous.

Substitution of components may impair suitability for Class I,
Division 2 or Zone 2.

1
Due to the hazardous location listings associated with this product,
proper wire type and wiring practices are critical to operation.

Do not connect any cable grounds to “instrument ground”, “control
NOTICE ground”, or any non-earth ground system. Make all required

electrical connections based on the wiring diagram (Chapter 6).

Optional high energy capacitive discharge ignition functionality for this system is
provided by the I1C-920/-922 ignition module. The IC-920/-922 is shown in Figure
4-18. This module communicates with the E3 controller over the internal J1939
network.
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The 1C-920/-922 is a modern high-energy capacitance discharge ignition system.
The system consists of a 16-bit CPU and other CPU related peripherals, sensor
signal conditioning circuitry, a high voltage power supply, and 20 outputs (24
outputs are optional, for 12 cylinder engines with two coils per cylinder). The system can
be configured for two cylinders up to 20 cylinders. The E3 system CD includes all
the required software needed to configure the Ignition control for any type of
industrial engine. All user programming/configuration is accomplished using
IC-900 Series Service Tool software residing on a PC (personal computer). This
software is included on a CD-ROM supplied with each I1C-920/-922 system.

Figure 4-18. 1C-920/922 Ignition Control

The 1C-920/-922 uses information provided by 3 required sensors to precisely
determine the correct crank angle for firing each output (speed sensor, TDC
sensor and phase sensor).

During operation, the 1C-920/-922 continuously monitors the status of the system
by verifying proper information from all timing sensors and proper operation of
the primary ignition circuit. Depending on the severity of a detected fault, the unit
will either shut down or warn the operator via integral warning lamps as well as
via fault signals communicated over the J1939 network to the E3 controller,
which will in turn activate the corresponding alarm output.

The 1C-920 is a CD system that stores a maximum of 180 mJ (at 100% energy
setting) while the IC-922 stores a maximum of 360 mJ (at 100% energy setting).
The 1C-920 is the standard E3 system option; the IC-922 can be selected when
higher ignition energy is required.

The 1C-920/-922 module (part number 8408-0702 or 8408-0724) is integrated
with the E3 System by connecting it to the Engine CAN bus (see Figure 4-8 or
the control wiring diagram in Chapter 6). Control and diagnostic information is
communicated between the units is through this bus connection.

For further description of 1IC-920/-922 functionality in the E3 system, see Ignition
Control (1C-920/922 or Smart Coils) in Chapter 2 and Commissioning of the
IC-920/922 Ignition in Chapter 4.
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For complete information on the 1C-920/-922, see the 1C-920/922 Installation and
Operation Manual (document 26263).

easYgen 3100/3200

As part of the E3 System in a generator application, the easYgen 3100/3200
power management module can be connected to CAN Bus 1 (see the control
wiring diagram in Chapter 6). Control and diagnostic information between the
units is exchanged via this bus connection.

For a full description of easYgen functionality, setup and configuration in the E3
system, see Chapters 2 and 4. For complete installation information, see the
easYgen-3000 installation manual (document 37223).

Installation Checkout Procedure

When hardware installation is complete, observation of the following checkout
procedures is recommended before commissioning is started.

1. Visual inspection
A. Check for correct wiring in accordance with the control wiring diagram,
(see Chapter 6 and individual component manuals as required).
Check for broken terminals and loose terminal screws.
Check for proper connections to the control connectors.
Check the speed sensor(s) for visible damage. If the sensor is a
magnetic pickup, check the clearance between the gear and the
sensor, and adjust if necessary. Clearance should be between 0.25
and 1.25 mm (0.010 and 0.050 inch) at the closest point. Make sure the
gear runout does not exceed the pickup gap.
2. Check for proper ground connection between the control and the engine
chassis.
3. Check the shielding on CAN links has been correctly installed, following
control wiring diagrams.
4. Check that installed fuses are in accordance with wiring diagram and with
wiring used.

oCow
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Chapter 5.

Commissioning

Introduction

Commissioning can begin once all system hardware has been installed and
connected (see Chapter 3). Commissioning is performed using the ToolKit HMI.
See Serial Communications Port (RS-485) in Chapter 3 for instructions on
establishing an RS-485 link between the E3 controller and the HMI PC.

When available, a settings file for an existing engine of the same type can be
used and uploaded to the E3 controller. This makes the commissioning easier,
however it is important to remember that when uploading a settings file, all
previous settings will be overwritten. All settings and sensor calibrations should
be checked to ensure they are valid for the new engine.

I/O Commissioning

I/O commissioning is performed by entering the correct settings for each sensor
and actuator used. The HMI screens for these devices are organized under the
heading 1/0O on the navigation screen. The alarm levels are configured by the
user, at the top of each screen (Minimum and Maximum voltage levels). These
voltage levels are used to detect a sensor/wiring failure. The scaling table is
populated by the user to configure the relationship between the sensor input
voltage and the engineering units used in the control.

TPS & FTPS

Figure 5-1 shows the HMI user settings for TPS & FTPS. The TPS when used

with position error detection ensures proper operation of actuators.

THROTTLE POSITION SENSOR 1 TPS 1 SCALIMNG FUEL TRIM POSITION SENSOR 1 FTPS 1 SCALING
LIMTED LIMITED
@TPs 10K Fiwle  SCALED [y @ FTPSTOK RAW (V)  SCALED (%]
TPS 1 SELECT AN 02220KFD  » 053 0 FTPS1SELECT ANT1SLIKFD » s i
44 100 455 100
TPS 1 MIN LIMIT 03555 voo FTPS 1 MIN LIMIT 025/ £14] voc
PEo PSS TPS 1 NON-LINEAR FEH P FTPS 1 NON-LINEAR
TPS 1 MAX LIMIT 218 voc PS1E NONLN( TIPS THAXUMIT S8 voc FIPST G NONLIN (2]
TPS 1INPUT FILTER 05[22 sec R IR 0122 sec
02 149
TPS 1 Réw INPUT 307 WOC 5 g F1PS T AAW INPUT 285 VDC
TPS 1 UNFILTERED BEE % 761 B51  FTPS 1 UNFILTERED 576 %
100 100
TPS 1 FILTERED 655 % FTPS 1 FILTERED 576 %
[C]ACTIVATE TPS 1 ACTIVATE FTPS 1
TPS 1 LINEARIZED 55 % NON-LINEAR FTPS 1 LIMEARIZED: 123 % NONLINEAR:
THROTTLE POSITION SENSOR 2 TPS 7 SCALIMNG FUEL TRIM POSITION SENSOR 2 FTFS 7 SCALING
LIMITED LIMITED
@RS 20K Riwp ocaleppy @ FIFS20K RAw (/) SCALED [%)
TPS 2 SELECT ANOBZ2RFD v 073 0 FTPS 2 SELECT EN12ELIKFD |+ [i] i
377 100 45 100
TPS ZMIN LIMIT 025[S1$ vor FTPS 2 MIN LIMIT 025 &1 vor
TEIETE TPS 2 NON-LINEAR: TEETE FTPS 2 NON-LINEAR.
TPS 2 M&X LIMIT Shs voc TPszi  NONLN(g TS ZMAXUMIT 75l &1e] voo FEEIE  FEMTIE
TPS 2 INPUT FILTER 05/ 2}E sec 0 ol = 01214 sec 0 0
209 nz 149 - 02 149
TPS 2 RéW INFUT VDo o g FTPSZRAWINFUT 86 WDC 3 T
TPS 2 UNFILTERED 78 % 71 B51  FTPS 2 UNFILTERED 590 % 761 651
100 100 100 100
TPS 2 FILTERED 781 % FTPS 2 FILTERED 530 %
[ ACTIVATE TPS 2 ACTIVATE FTPS 2
TPS 2 LINEARIZED 781 % NOM-LINEAR FTPS 2 LINEARIZED 445 % NON-LINEAR
Figure 5-1. HMI Settings for TPS and FTPS (HMI Screen 6.9)
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MAP and MAT
Figure 5-2 shows the HMI user settings for MAP and MAT. The MAP sensor is

required and the MAT sensor is optional.

MAP & MAT configuration options: MAP 1 ONLY, MAP 2 ONLY, MAP WITH
BACKUP, or MAP WITH AVERAGE. MAP 1 ONLY uses just MAP 1; MAP 2
ONLY uses just MAP 2; MAP WITH BACKUP uses MAP 1 unless it is failed and
then it uses MAP 2; MAP WITH AVERAGE uses the average of the two MAP
sensors unless one is failed and then it uses the good one.

“MAT DEFAULT” is a user specified value which is used by the logic if the
sensed MAT sensor voltage is out of range. It is suggested to enter the value
normally observed at full load operation. The default settings apply to the
standard Woodward supplied sensors. When other transmitters are used, the
applicable calibration data should be entered.

ANALODG INPUTS CONFIGURATION

MAF 10 COMFIG
RESULTANT MaP FILTER

MAP 1
D HaP 10K

MAF 1 SELECT
MAF 1 MIM LIMIT

MaP 1 X LIMIT

MAP 1 INPUT
FILTER

MAP 1 Rt INPUT
MAP 1 UMFILTERED
MAF 1 FILTERED

MAP 2
@ MaP 20K
M&P 2 SELECT
MAP 2 MIN LIMIT

M&P 2 WX LIMIT

MaP 2 INFUT
FILTER

MAP 2 R INFUT
MaP 2 UNFILTERED

MAF 2 FILTERED

2 MAF SENSORS WITH BACKUP v

Ala
05FST sec

MAF 1 SCALING
LIMITED SCALED
AMO5511RFD » Raw [v) [psia)
025 &ls voo 2 42:
175/&1§ voC
05/ % sec
205 vDC
19 psia
191 psia
MAP 2 SCALING
LIMITED SCALED
AMOGS1IRPD Raw [¥) [psia)
025 =15 VDT 2 d:i
175 =18 voo
05/21% sec
1.96 VDC
183 psia
184 psia

ANALOG INFUTS CONFIGURATION

MAT 10 COMFIG
MAT DEFAULT

MAT 1
D MAT 10K

MAT 1 SELECT
MAT 1 MIN LIMIT

MAT 1 MR LIMIT

MAT 1 INPUT
FILTER

MAT 1 Rt INPUT
MAT 1 UMFILTERED
MAT 1 FILTERED

MAT 2
@ MAT 20K
MAT 2 SELECT
MAT 2 MIN LIMIT

MAT 2 MR LIMIT

MAT 2 INFUT
FILTER

MAT 2 Rk INFUT
MAT 2 UMFILTERED

MAT 2 FILTERED

TH BaCkUP

AN132ZZKFU (w0

-

0.5[5[4] voo

475 1 vDC

1

AP Al e

A

¥ sec
142 vDC
1327 °F

1327 °F

AN2822KPU v
025518 wiT

1 A
¥ sec

=~
175 =18 voo
<
1.48 vDC
1294 °F

1295 °F

MAT 1 SCALING

LIMITED:
RAW (¥)

0 422635
0.728643
1.263104
1.642357
2098214

313565

4.07955
4. 647347

SCALED ['F)

MAT 2 SCALING
LIMITED
RAW (¥) SCALED ['F)
0422635 212
0728643 176
1.263104 140
1.642357 122
2038214 104
313565 ]
4.07955 32
4. 647347 -4

Figure 5-2. HMI Settings for MAP and MAT (HMI Screen 6.9)
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LOP, LOT, ECT, & LOAD

Figure 5-3 shows the HMI user settings for LOP, LOT, ECT, & LOAD. The LOP,
LOT, and ECT are optional . If internal Load Control is desired, the LOAD signal
is required.

LoF EMGINE COMLANT TEMP
LOF SCALING FALLT
@Lorox @ECT oK
LIMITED SCALED
LOP SELECT ANDBETIKFD v Réw V] {psi) ECT SELECT AN2722KPU v ECT SCALING
LOP MIN LIMIT n2s[£ 14 voc o5 B8 ECTMINLMIT 03[ Sie] voc LIMITED
45 3 "
LOP M&x LIMIT 475 &% voC 5 75 ECT MAXLIMIT 475 518 voo R E DI )
o e 0086 248
LOF INFUT FILTER 001218 e : 155 ECTINPUTFILTER 11218 e 018 22
27 176
LOP Fidw INPUT 1.65 YDC ECT Rt/ INPUT 0.35 WDC et 10
LOF UNFILTERED 233 i ECT UNFILTERED 1644 °F 097 104
181 Fi
LOP FILTERED 233 mi ECT FILTERED TB4E F 298 2
LoT LOAD ¢ 0
LOT SCALING
@LoT oK i () LOAD DK, LOAD SCALING
LOT SELECT . g LMAD SELECT
ANZEZIKFU v Rew [v]  SCALED ['F) AN 0451IKFD LMITED SCALED
LOT MIN LIMIT n25/2/ 2] voe 0.357143 L2 0AD MIN LMIT 025/ 22 voc Bt )
070201 245 12 i
LOT M LIMIT 475/ & & voo 1116721 212 LOAD M&XLIMIT 475} &% oo 5 200
1.754772 176
153 FEarS
LOT INPUT FILTER =13 e 3E7378 104 LDADINPUTFILTER =13 s
LOT R&w INPUT 318 yDC 4.252267 68 LOAD Raw INFUT 148 voC
4 E91805 2
LOT UNFILTERED 187 °F 183429 4 LOAD UNFILTERED 218 kw
LOT FILTERED 1186 °F LOAD FILTERED EER

Figure 5-3. HMI Settings for LOP, LOT, ECT, & LOAD (HMI Screen 6.10)

EXTERNAL BIAS
Figure 5-4 shows the HMI user settings for SPEED BIAS, PWM SPEED BIAS,
REMOTE INPUT, and AFR ADJUST POT.

Remote Speed/Load Reference - The remote reference is an optional input. It
can be used as speed reference, or in the case of a generator application, either
a load or speed reference, depending on the status of the generator breaker and
the utility breaker inputs.

Speed Bias and PWM Speed Bias — Generator application only
This is the value that is directly added to the speed reference. It can be used as
synchronizer input and as load sharing input.

SPEED BIAS SPEED BIAS SCALING REMOTE REFERENCE
@ SPEED BlAS 0K @ FEMOK L]
UMTED  SCALED pepoTE REF
SPEED BIAS SELECT AN10STIKFD R V) BPM) A ANDISTIKFD v REM REF SCALING
SPEED EI&S MIN LIMIT n2s[&l4 voc 3: gﬂ REM MIN LIMIT 25} 2[4 voc LMITED
! B
SPEED BIAS Max LIMIT 475214 voo REM M LIMIT 475212 voo iS5, CE DI )
05 o
SPEED BIAS INPUT FILTER 0054|218 e REM INPUT FILTER &8 e 45 100
SPEED BIAS R INFLIT 25 vbC REM Fittw! INFUIT 19 voc
SPEED BI4S UNFILTERED 03 RPM REM UNFILTERED M2y
SPEED BI4S FILTERED 03 RPM REM FILTERED M2 % AFRPOTBIAS TABLE
SPEED BIAS Pt SPEED BIAS Py AFRADIUST POT AF[HSmEX AleAS
@ SPEED BIAS Pwh OK HEALNE @ FOTOK 0 0
UMITED ~ SCALED e i
[7] USE PwM SPEED BIAS REW (ZDC)  [BFM) POT SELECT ANDTZZKPD v n :
SPEED EI&S P DFFSET 0[=f2] xoc ‘SE 3E FOT MIN LIMIT o1[&f4] oo 310 0
SPEED BIAS PwM INPUT ala Ala 460 0
D 001 [&2F2] eo POT MAK LIMIT s1[&l4] voo - .
EHPEEB&%WM TARGET 0SS He POT INFUT FILTER 01214 s 642 0
B82 o
SPEED BIAS PwM FREQ 00 Hz POT Raw INPUT 167 wDC
EXTERMAL BIAS
SFEED BIAS FWM Rt/ .
000 200 POT UNFILTERED 2 my
INPUT " @ EXT BIAS TABLE FALLT
SPEED BlAS FwM
ONFILTERED G P AL Gl o EXT BIAS YALLE
SPEED BIAS PwM e
EHEERIEL 00 RPM POT SCALING T[&f2] m 0wy

MODEUS STEP SIZE TOTAL SETPOINT
RESET EXTERMAL =
Bl&s TAELE TO ZERD 2l 730 my

Figure 5-4. HMI Settings for EXTERNAL BIAS (HMI Screen 6.9)
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Digital Inputs
Figure 5-5 shows the HMI user settings for digital inputs.

DISCRETE IN - DI ACTIVE OPEN DISCRETE INFUT CONFIGURATION

@ oG [ DG1 ACTIVE OFEN EXTERMAL SHUTDOWN 1 AN_21 v Q
@ oGz [ D2 ACTIVE OPEN EXTERNAL SHUTDOWN 2 DG2 v Q
@ aN14 [ AN14 ACTIVE OPEN COOLING WATER LEVEL LOW ALw/AY'S OFF v Q
@ 4N15 [ AN15ACTIVE OPEN LUBE OIL LEVEL LO%? ALW/AY'S OFF Q
@ &N1E [ &N16 ACTIVE OPEN MODBUS SELECT ALWAYS OFF Q
@ 4N17 [ AN17 ACTIVE OPEN RUN/STOP AN_20 )
@ &nz0 [] &N20ACTIVE OPEN FAULT RESET AN_22 v Q
@ Azt [ AN21 ACTIVE OPEN IDLE/RATED AN_23 Q
@ 2n2z [] &N22 ACTIVE OPEN LOWER AN_24 Q
@ hzz [] AN23ACTIVE OPEN RAISE AN_25 Q
@ 2n24 [] &N24 ACTIVE OPEN GENERATOR BREAKER ALWAYS OFF Q
@ M5 [ ANZ5 ACTIVE OPEN UTILITY BREAKER ALw/AY'S OFF v Q
IGNITION ON ALWAYS ON v Q
AFF POT LEARN DG v Q
THROTTLE 10K AN_14 v )
THROTTLE 2 0K AN_15 v )
FUEL TRIM WALYE 1 0K AN_16 v )
FUEL TRIM YALVE 2 0K AN_17 v J

Figure 5-5. HMI Settings for DISCRETE INPUTS (HMI Screen 6.7)

Speed Sensor Input
Figure 5-6 shows the HMI user settings for SPEED SENSING.

SPEED SENSING
[ JUSE L PASS SPEED FLTER

Smmaut Cods are not sedected
Urdy Pallein avalable i Pallein 1 « Redundant evenly spaced

LOW/PASS SPEED FILTER 1%

g
n
F

SPEED SAMPLES PER CYCLE Qm-Ling road only - Usa Of-line edior fo change vale.

[ CRANE. EDGE RISING
CHANKE SENSUR TYFE

MAGHETICPICKLIP e Op-Line read oaly - Ure 8o edior lo change vedloe,

GEAR PATTERN CUNFIGURATION
CHANK TEETH 02 Crank. Teeth Pattemn - Erver number 2¢ rumbes of teeth on fyawheel

CAM TEETH gz Cam Teelh Pallein - Erler rnanber 25 misben of leeth o lvhest

Figure 5-6. HMI Settings for Speed Sensor Input (HMI Screen 7.3)

Figure 5-7 shows the HMI user settings for speed sensor inputs. The number of
teeth on the geared wheel should always be entered in the box next to CRANK
TEETH. This value is also used by the misfire detection algorithm; enter 2x
number of teeth on the flywheel.
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HEGO Heater & Condensation Protection

Figure 5-9 shows the HMI user settings for a typical HEGO sensor. Leave
THERMAL SHOCK DELAY, HEATER WARMUP TIME, HEGO STABLE DELAY,
OPEN CIRCUIT LEVEL, and MAX EFFECTIVE VOLTAGE at their defaults
unless you are having issues damaging sensors due to improper heater control.
To set the GRACE PERIOD determine the amount of time the sensor takes to

normally become active, double that number and enter it in as the GRACE
PERIOD.

HEGO 1 - PRE-CAT BANK 1 HEGO 1 SENSOR FALLTS
HEGD 1 INFUT FILTER 12124 sec @ HEGD 1 0K
HEGD 1 DIFFERENTIAL DELAY &2 mec @ AL550 HEGD 1 YOLTAGE LOw
HEGD 1 UNFILTERED 1y @ AL555 HEGD 1 VOLTAGE HIGH
HEGO 1 FILTERED BT @ 4L560 HEGD 1 5ENSOR FAILED
HEGD 1 HEATER @ £L561 HEGD 1 HEATER OFEN CIRCUIT
[T HEGO 1 HEATER MANUAL SD HEGD 1 FALLT ARM HEGD SEQUENCE STATE
HEGD 1 HEATER CURRENT 0,000 ADC @ HEGO 1 ARMED HEGD STATE NO CLOSED LOOP
HEGD 1 HEATER DUTY CYCLE 17 % @ ENGINE RUNNING SHOCK REMAIN 0 sec
HEGO 1 HEATER Pwh FREGLENCY 1000 Ha @ NOFUEL 5TOP WARMUR REMAIN 0 sec
HEGO 1 HEATER ACTIVE @ GRACE TIME STABLE REMAIN 0 sec
(D HEGO 1 HEATER ON @ HEGO 1 MODE GRACE REMAIN 0 sec
@ ENGINE NOT RUNNING @ L04D READY HEGDHEATER 83 VDo
@ RUN SWITCH OFF HEGO 1-3 HEATER SETPOINTS prespem—
@ AL456 HEGD 1 HEATER CURRENT HIGH 5D THERMAL SHOCK DELAY sec
HEGO 1 SWITCHING GQUALITY HEATER WARMUP TIME 120 see AR PO

(D SENSOR RICH HEGO STABLE DELAY

) O A

RAnAR

10-MAP &

HEGO 1 L0 PEAK 480 GRACE PERIOD 720 sac

THR 1
HEGO 1 HIPEAK 463 miv OPEM CIRCUIT CURRENT LEVEL 0.m ADC
HEGD 1 AMPLITUDE 3 v FTv

MAX EFFECTIVE WOLTAGE

o
o

YOO

Figure 5-7. HMI Settings for HEGO sensor and Heater Control (HMI Screen 6.14)

easYgen™ 3100/3200

The E3 can communicate with the Woodward easYgen 3100/3200 for load
sensing, breaker information, shutdown logic and speed reference. The
communication between easYgen and E3 is over the J1939 CAN network.

Figure 5-8 shows the HMI screen for easYgen 3100/3200. When USE easYgen
OVER CAN is checked the E3 will ignore the hard wired input for load, breakers,
and speed/load bias.

When the box beside “ENABLE AL 1451 — easYgen STOP COMMAND” is

checked, the E3 controller will obey commands from the easYgen to shutdown
the engine.

The speed bias signal (£100%) received from the easYgen is converted to + rpm
by the user specified “SPEED BIAS SCALING”.
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easr'gen CAN WRITE SETUP
[] USE easvgen OWER CAM

[[]EMABLE AL 1451 - eas''gen STOP COMMAMD

MOMNITOR easvgen CAMN WalLUES
@ 5PN 570 - ENGIME ALK SHUTDOWH

o SPM 3545 - GEMERATOR CIRCUIT BREAKER STATUS

o SPM 3546 - UTILITY CIRCUIT BREAKER STATUS

SPN2452 - GENERATOR TOTAL REAL POWER 0w SR FAED SRR
GENERATOR POWER 00 ki ElSr s kw
DESIRED POWER 00 kw

DROOP MODE ISOCHRONOUS

zasrgen CAN SPEED SETPOINT

SPM 189 - ENGINE RATED SPEED 0 RPM SPEED BIAS SCALING
SPM 3938 - GEMERATOR GOWVERMING SPEED BIAS noog z &0 @ 5 RPM
SPEED REFEREMNCE 1002666 RPM

easr'gen CAN ALARM/ASHUTDOWN
.ALMED -EXTERMAL CAM COMM TIMEOUT

@ 411451 - EXTERMNAL CAN SHUTDOWH COMMAMD

REBOOT TO UPDATE WALUE
easvgen CAM ADDRESS USED a

easrgen CAM ADDRESS 234 @ =

Figure 5-8. HMI Screen for easYgen 3100/3200 (HMI Screen 6.1)

Actuator Calibration

Depending on the hardware selected, there is an optional procedure to test and
configure the mixture actuator for best performance.

Throttle & Fuel Trim Valve Actuator calibration

This procedure is described in Chapter 3 under Throttle & Fuel Trim Valve
Actuator Calibration.

Set-up Before Starting the Engine

Before starting the engine for the first time with E3 Stoichiometric Trim the
settings below must be correctly entered by the user.
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System Configuration

Figure 5-9 shows the HMI user settings for system configuration.

CONFIG FALLT RESET 11838 s gen
[] USE MECHANICAL DRIVE LOGIC []ALLDW FAULT RESET T0I CLEAR FALLT LOG [] USE sasgen J1939 COMMS
[ USE 3 INTERNAL BASE LOAD CONTROL [] ALLOW FAULT LOR RESET TOISSUE FALULT RESET ISTICH MIIDE WHEN ClIvikd FAIL
[T USE BANK BALANCING EE SAVE OPTIONS easrgen /1939 ADDRESS EEIE
USE STERED MODE [ SAVE CAT-TEMP HI TO Ny MEMORY ON ENGINE STOP SPEED BIAS SCALING sl =l2] mew
E'\ﬁ[ﬁwgm 1246/ S1% in3 1933 CANLINK ENGINE RATED POWER 1201515 kw
0P 0 FULLL LD B[SHS pie FA CANADDRESS sts SERVLINK PORT SETTINGS
IGHITION I PARTY IGNITION EXTERNAL TC PGN BSOS SERVLINK BAUD RATE 115200 BALD
ENGINE INFD EXTERNAL TC NODE ID EEEE T, aala
ENGINEMAKE  [WOODWARD TEbuT oA 10003[S 1S ms y00BUS PORT SETTINGS
ENGINEWODEL  |Gas [ ACTIVATE PLANT COMMS MODBUS BAUD RATE 115200 BAID v
ENGINE LICENSE FORT COLLINS 11333 IGHITION MODEUS MODE RTUMODE v
ENGINE SERIAL NUMBER 201104m EBAIDIRESS z[Sis MIODEUS BITS SEITS
ENGINE YE4R e E-32+ EYEN BARK ENERGY 0[S # MODBUS PARITY NOFSRITY
QRENLOOR FALLT 1C-92 0DD BANK ENERGY 0[S % MODBUS STOP EITS 1STOPBIT  w
MISFIRE T0 ORENLOOP MIL SETTINGS MODELS TIME OUIT 0[ElE] e
[ CE RN MODRUS INITIAL TIME OUT 218 s
LIMILFLASH MODE MODBUS SLAYE ADDRESS 1lals

Figure 5-9. HMI Settings for System Configuration (HMI Screen 7.0)

The system configuration including devices connected to the J1939 busses and
incorporated in the system is defined by checking the appropriate boxes on this
screen.

I/O Selection

For complete information on all system configuration options, see I/O Calibration
in Chapter 3.

Use of an Exhaust Gas Analyzer

To ensure that the engine is calibrated in accordance with the manufacturer’s
and local requirements, use of a suitable exhaust gas analyzer is recommended
to measure the NOy, O, and CO levels in the exhaust gas.

The exhaust gas analyzer should be installed and operated in accordance with
the manufacturer’s instructions.

Ignition Timing Settings

If the engine being commissioned includes ignition control by the E3 controller,
check that the correct preliminary spark timing settings have been entered in the

timing map. See Ignition Control (IC-920/922 or Smart Coils) in Chapter 3 for
more information.
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Speed Control Settings

For complete information on these settings see Speed Reference in Chapter 3.

Prior to engine start the user should configure the following parameters:

o I|dle speed set point

o Rated speed set point (activated after "Wait at min. speed” time has
elapsed)

e Lower and higher limits around the rated speed, to allow synchronization in
case of a generator set.

o Raise/Lower Speed Rate.

e  Overspeed set point also needs to be configured; this triggers a shutdown of
the engine.

o  Wait (Warm-up) time at idle — this is the interval between the engine
reaching run speed and beginning to ramp to rated speed. For first startup
this time can be raised as desired to increase time to check the system
while the engine runs at a lower speed.

e  When a Droop system is used, the Load Droop percentage and the Droop
Mode (Dual Dynamics) selection must be enabled by checking the box
beside “Droop Mode (Dual Dynamics)”.

Load Control (Grid mode) Settings

The Load Control (Grid mode) is used when the grid breaker is closed and the
kW feedback signal is present, and when load control is activated by the user
with the HMI. Figure 5-10 shows the HMI user settings for load control. The user
should configure the following parameters.

Minimum and Maximum load

Raise and Lower rates

Remote Reference limit and rate

LOAD REFERENCE SETTINGS

REMOTE LOAD REFEREMCE SELECT ANALOG INFUT
MINIMUM LOAD e 5 kw
MasIMUM LOAD 1200=1 % kw
RAISE RATE 10122 ks
LOWER RATE 10052 kwis
REM REF LIMIT 1200218 kw
FEM REF RATE 1022 ks

[]SYSTEM SHUTDOWMN CAJSES INSTANT UMLOAD

Figure 5-10. HMI Settings for Load Control (HMI Screen 2.5)
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Dynamics Settings (Speed Control at First Start-up)

When the system is configured as a speed control appropriate settings need to
be entered via the HMI. To start the commissioning it is simpler to select fixed
dynamics. Then the gains do not change due to load or speed changes. Figure
5-11 shows the HMI user settings for fixed dynamics.

FIXED DYMAMICS SELECT FIXED ACTUAL DYMAMICS DYNAMICS SELECTED
PROP =i FIXED FROP PROP
GAIN k] ) pRoP Gan GAIN 0750 GAlN FI<ED
INT == FIXED INT INT INT
GAIN U ISt M Gan GAIN 0700 GAIN FIXED
SDR TR [7] FIXED SDR SDR 0150 5DR FIXED

Figure 5-11. HMI Settings for Fixed Dynamics (HMI Screen 2.2)

In a later stage the Dynamics 1 and Dynamics 2 settings can be enabled and
adjusted to optimize the speed and load control performance.

Load Rejection

Load rejection should be disabled by unchecking the box beside “USE CIRCUIT
BREAKER FEED-FORWARD” as shown in Figure 5-12.

LOAD REJECTION
[]USE CIRCUIT BREAKER FEED-FORWARD

[ ] USE LOGICAL OWERSPEED

Figure 5-12. HMI Enable/Disable Setting for Load Rejection (HMI Screen 2.5)

Commissioning 1C-920/922 Ignition

When the 1C-920/922 ignition is integrated with the E3 system, the ignition
controller must be configured before the engine is started the first time.

For the installation and commissioning of the 1C-920/922 ignition controller, refer
to the user manual, document 26263 and follow the procedures therein.

For J1939 control and communications between the E3 controller and I1C-
920/922, specific configuration parameters in the ignition controller must be
checked and/or adjusted. To do this the IC-900-Series service tool is required.
This software can be downloaded from the Woodward website
(www.woodward.com) and can also be found on the CD-ROM that is included
with the system purchase.

Figure 5-13 shows the 1C-900-Series service tool start screen.

A communication cable for the service tool is required. As shown in Figure 5-14,
it is a standard null modem cable where only pins 2, 3 and 5 need to be
connected. The connection to both the PC and the 1C-920/922 is via a DE-9
connector.
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> IC900-Series Service Tool _I—I- = 5'

File  Communication Tools Help

lgnition Status: Triggertooth caunt error

J1938 CAM Status:  Globhal timing and energy values received -- Active

Engine Speed: 8449 rpm Engine Run Time: 3 Hours Contact A open
Total Timing: 3.00 "BTDC Average Energy: TO.0 %

Energy Levels | configuration | Timing | Misfires | Identification

Even Energy Maximum: 70 % Failure Level: 100 % High Level: a0 %
Odd Energy Maximum: 70 % Warning Level: 95 % Lowy Loy Lewel: 20 %
High High Level: a0 % Lowy Level: 20 %
Failure Warning - — — HighHigh, Lowdlow  -------- High, Low
7hhxh98
E
h
rE 100%
g H0% 4
Y B0% | B |
40%
20%
1 2 3 4 5 G 7 8 9 10
Cail
Edit Graph Levels... I Edit Energy Contral... |

Connected

Figure 5-13. IC-900 Series Service Tool Start Screen

RE-232
Connection Computer
1 1
R 2 2 R¥
T+ 3 I 3 T
4 4
COmM 5 5 COM
] 5
7 7
g 3
9 39

Figure 5-14. IC-900 Series Service Tool Connection Schematic

Figure 5-15 shows the configuration screen. To change the configuration click
the “Change Configuration” button on the bottom of the screen. A new window
will open (see Figure 5-16) where all the ignition system parameters can be
configured (no password required). Click on the tab labeled “CAN”.
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C900-5eries Service Tool _1Ol x|

File Comrunication Tools Help

lgnition Status: Triggertooth count errar

J1939 CARM Status:  Glohaltiming and energy values received -- Active

Engine Speed: 849 rprm Engine Run Tirme: 3 Hours Contact A open
Tatal Timing: 3.00 °"BTDC Average Energy; 700 %

Energy Levels Configuration | Timing | Mistres | identincation

Enginge =
Fiting Sequence
Mumber of Cails: 10
Firing Interval: 72
Magnetic Pickup
Mumber of Teath: 60
Reset Pastion: 90.00 °*BTDC
Ignition will not fire at speeds below 30 rpm. |
Timing
Schedule A
haximurm Advance: 30.00 °BTDC
hlaxirmurm Retard: 30.00 "ATDC
Wanual Timing Range
Countarclockwize: 10.00 "ATDC
Clockwisa: 10.00 °BTDC
Analog Input
Mone
Sneed Clire h

Change Configuration... I

Connected

Figure 5-15. IC-900 Series Service Tool Configuration Screen

onfiguration File Editor - Configuration5.cfg — IEIIlI

File Help

m= = RETE

Enginel Timingl Spead CAM | Modbusl

v J1938 CAN control enabled
J159349 Diagnostic Priarity: | 2

Moate:

IfJ1939 CAN control is enabled, the ignition will not run:

- ifthere is no healthy CAN hus communication

- until a CAMN message setting the Global Timing and Energy has been received

Figure 5-16. CAN J1939 Activation on IC-900 Series
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On this screen the J1939 CAN bus communication can be activated by checking
the box beside “J1939 CAN control enabled”.

This setting needs to be loaded and saved into the Ignition control. This is done
by clicking the download icon as shown in Figure 5-17.

File Help
D& Elz 2]

Engine | Timing =224 T2 Sortrol jyogpg |

[v J1939 CAN control enabled

J1839 Diagnostic Priority: | 2

Mote:

101938 CAN cantrol is enabled, the ighition will not run:

- ifthere iz no healthy CAN bus communication

- until a CAM message setting the Glohal Timing and Energy has been received

Figure 5-17. Loading the Settings to the 1C-920/922

A password is required (Figure 5-18). This is the standard 1C-900 series
password (number of running hours + 10). Enter this value, then click “OK”. The
settings will be loaded and saved in the ignition controller.

After loading new settings to the 1C-920/922, the E3 controller should be power
cycled to reset the system. The J1939 communication is monitored by a software
watchdog. When the expected messages are not received, an alarm is activated
(AL470 - 1C-920/-922 J1939 watchdog timeout).

Further information about the IC-900 Series service tool can be found in the
IC-920/922 series manual, document 26263.

User configuration of ignition timing is described in Chapter 4 under Ignition
Control (1C-920/922 or Smart Coils)
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2% Configuration File Editor - Co

File Help

=0l |

olslm al= %]

Engine' Timingl Speed CANl Madbus'

[¥ J1339 CAN control enabled

J1938 Diagnostic Priotity: I 2

Mote:

IfJ1938 CAM control is enabled, the ignition will not run:

- ifthere is no healthy mAR his commnnicatinn

- until a CAN messag: ER At I x|

A password is required to access the functionality desired.

Passward; I1

0K Cancel |

Figure 5-18. Password for Configuration Changes

Air Fuel Ratio Control Commissioning

This procedure assumes that all of the necessary end devices have been
enabled and are functioning properly.

The 3 main tasks to accomplish when commissioning the AFR control are:

1. Get the engine to start

2. Get the engine to Full Load
Enabling Pre-Cat Closed Loop Control
Enabling Post-Cat Closed Loop

3. Tuning Emissions with analyzer

First Firing and Set-up after Starting the Engine

Engine Start

Crank the engine with the fuel supply turned off. During cranking, make sure that
the E3 receives the speed signal from the magnetic pick-up by monitoring the
speed in the HMI. If the speed reading remains at zero during cranking, check
the wiring and adjustment (gap) of the MPU(s) (installation instructions can be

found under Engine Speed Sensor (MPU) in Chapter 3).
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When the speed signal is recognized the controller will count down the purge
time (see Purge Time in Chapter 3), and then energize the gas shut-off valve
relay. Before turning on the fuel supply, ensure that the base spark timing is
correct, using a timing light while cranking. When this has been done, the fuel
supply can be turned on. The engine should start at this time. If the engine does
not start, find out if the gas shut-off valve has actually opened by measuring
pressure downstream of the valve.

When the engine starts, record the time. This will be used for calibrating the
warm-up time.

Failure to Start

If the engine fails to start, check and, if necessary, troubleshoot the following:
While engine is stopped

e  Alarm and/or shutdown messages that reappear after clicking “Reset Faults”
During cranking

e  Alarm and/or shutdown messages that reappear after clicking “Reset Faults”
Speed reading on HMI screen correctly indicates cranking rpm

Gas shut-off valve opens after purge time has elapsed

Gas is supplied to trim valve

Spark events are occurring at correct timing (using timing light)

If no faults exist after performing the steps above and the engine still fails to start,
the cause could be that the trim valve open loop position is making the mixture
too lean or too rich. Decrease or increase the trim valve position settings (See
Trim valve Settings in this chapter) and attempt to start the engine. Another
option to consider, instead of changing the trim valve position, is adjusting the
gas supply pressure to the trim valve.

Getting the Engine to Start

The software has a start position for the fuel trim valve which is used to ensure
reliable starting.

1. Force “Run/Stop” command to true
a. Page 6.7 IO-Discrete Inputs will show the status of the input and allows
the user to force the input logic by:
i. Selecting “Always On” from configuration dropdown or
ii. Inverting the default logic of the discrete by setting the input as
“‘ACTIVE OPEN”
2. Force engine speed set point to idle
a. If using the E3 Stoich speed control:
i Page 7.2 Config Control: Set “Rated Speed” to be equal to “Min
Speed/ldle”
3. Page 2.0 Start: Set “AFR request mode” to “Manual Valve”. Set “Manual
Position” to 25%
4. Attempt to start Engine adjusting “Manual Position” as necessary to get the
engine to start reliably.
5. Upon determining a reliable trim valve starting position enter this value into
“Trim Valve Start Pos”
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Tuning Speed Control Dynamics after First Start

After starting the engine, run the engine without load at idle speed (force to idle
speed with the discrete input or in the HMI by increasing “Wait at min speed”.

Next, tune the carburetor for the correct air/fuel ratio at idle using either the Idle
Adjustment Screw or the fuel pressure regulator depending on the type of
carburetor used.

Now tune the speed control in fixed dynamics mode. This is discussed in under
Dynamics Settings (Speed Control at First Start-up) in this Chapter. Record the
values for the proportional gain, the integral gain, the SDR and the Q. Let the
speed control ramp to rated speed and retune the P, |, and SDR terms. Record
the new values and Q,,x. The two sets of values and the change in QMIX can
then be used to configure the proportional gain versus the Q.

Getting the Engine to Full Load

Next, attempt to get the engine to rated power so that the fuel regulator and main
adjustment screw are in positions that allow the trim valve to have good control.

In order to do this, the engine needs to run rich enough to carry load (HEGO 1
reading >800 mV) while not being so rich as to cause an over temp on the
catalyst element. This is done by setting the Open Loop table to trim valve
positions 3% higher than the value at which the “Pre-cat signal” transitions from
lean (<100 mV) to rich (>800 mV).

FFRSIAIE OPENLOOPTABLE ~ PRE-CAT SETPOINT HEGD 1 S TCHING GUALTY
REQUEST
PRE-CAT DITHER  » OFENLOOP AFR STPT
zietz i fschm) %l Qs fscim) (i ) () DI I
a0 161 &0 450 HEGO 1 L0 PEAK. 0 m
PRE-CAT CLOSED LOOF 1o 161 1o 430 i
- = 07 T i HEGO 1 HI PEAK, i
 CERATRIEL N HELED 155 207 155 540 HEG 1 AMPLITUDE 0 my
PRE-CAT COMTROL 0m x 230 215 230 50
A b 289 214 269 465 TRIM SETTINGS
TRIM 208 % 21 209 321 400 START POSITION xwlels
41 206 341 40
PROP GAIN 01}Ste DEFAULT RATE A4St =
06 % 400 v
IMT GAIN 01 &S " MANUAL POSITION 700l e %
SDA = FREQUENCY TABLE ~ AMPLITUDE TABLE BRI FESITEY S e
— ) FREQENCY ) AMPLITUDE
L0 SCALE LIMIT nsS s % Qimix [scfm] [Hz) Qrnist [zcfm) (E4] MANUAL MODE RATE 10 @ Al o
a0 1 &0 3
Alal
HI SCALE LIMIT L 110 ] 1o 3 AFR SETTINGS
ADVANCED DYNAMICS 120 1 120 3 LOAD BREAKPOINT 2001518 scfm
155 1 156 3
GAIN RaTIO eS ala
Fie -0 ] 2 3 LOAD HYSTERESIS w2l s s
WINDOW L 289 1 29 3 BREAKFOINT DELAY 2SS s
21 1 321 3
FEED-FORWARD =
CONTROL 3 1 N 3 ALTER 35T seo
ala
SR IE Y ilcans FTV LIMITS o ™ - ]
AFF SIGNAL —— - [ THF: 1 l [ FTv 1 ] l I0HEGD 1 l [ \D-HEGDBI [
FILTER ST == Qu
AFR SIGNAL 10[212 croies QH

Figure 5-19. AFR Pre-Cat Mono Settings (HMI Screen 1.1)

1.  Open Loop Table configuration
a.  With the engine idling copy the current “Qmix” in the dashboard to the
first row of the Open Loop Table
b. Transfer current “Manual Position” to first row of “Open Loop” (%)
c. Change “AFR State” to “Open Loop”.
i The trim valve position will now follow the “Open Loop Table”
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d. Adjust the “Openloop (%)” until “Pre-cat signal” changes from lean (less
than 100 mV) to rich ( greater than 800 mV).

i. Add 3% to the “Openloop (%)”
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Figure 5-20. Speed Control Settings (HMI Screen 7.2)

2. Change “Rated Speed” to the actual engine rated speed

3. Enter the current “Qmix” into second row of the Open Loop Table
a. Adjust the “Openloop (%) until “Pre-cat signal” changes from lean (less
than 100 mV) to rich ( greater than 800 mV).

b. Add 3%

4. Repeat Process as you carefully load the unit to full load. Filling in the
second to last value in the “Qmix” column with your full load value. The last

value is for your overload condition.

a. If you open the valve to 100% and the pre-cat signal has still not
switched rich you will need to either open your main adjustment screw
and/or increase the pressure out of your final cut regulator.
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Enabling Closed Loop

Enabling Pre-Catalyst Closed Loop

The trim valve should be ~60% open (between 55 and 70% open) at full load.
Having the valve this far open gives good control while leaving enough margin for
it to open further when conditions change. To get it to 60%, open the Main
adjustment screw and adjust the final cut regulator. The pressure going into the
carburetor or mixer should be between 0 and 5 inches H20.

1. While at full load/full speed, adjust primarily the final cut fuel regulator(s),
and secondarily the mixing screw(s) to maintain the appropriate amount of
positive pressure on carburetors (downstream of the trim valve) while
keeping the open loop position 3% richer than the lean-rich transition value.

2. With the full load value at ~60%, decrease load finding new Open Loop
positions as was performed in step 4 of the previous section.

3. Return load to full load.

a. With an “AFR STPT” of 450 mV, a “Frequency” of 2 Hz, and an
“‘“Amplitude” of 1%.

4. Set “AFR State” to “Pre-Cat dither”.

5. Increase amplitude in increments of 1% until “HEGO1 Amplitude” is greater
than 600 mV.

a. Ideally the amplitude will be between one (1) and five (5). If the setup
dictates a value higher than eight (8), try lowering the fuel pressure in 1
inch H20 increments.

6. Repeat process as the engine is carefully unloaded to the minimum load
requiring AFR control.

Tuning Emissions with Analyzer

When the AFR is tuned with the analyzer, there is a number of different software
knobs based on the emissions. There are three main knobs to turn. The AFR
Setpoint (mV) is the biggest knob, followed by the Frequency. These values
allow an increase or decrease of the amount of CO or NOx in the exhaust.

The amplitude knob is used to ensure that the emissions are switching from rich

to lean consistently. If this value is too high, the emissions will bleed through the

catalyst, causing high values for both CO and NOx that aren’t affected by the

AFR set point and frequency. If the amplitude value is a little too high or too low

the emissions post catalyst will cycle between high NOx and high CO.

1. Load engine to full load.

2. Install emissions analyzer post-catalyst using dilution or Stoichiometric cells
if available.

3.  Adjust “AFR STPT” until your emissions are where they need to be.

a. As arule of thumb, try to keep the CO numbers somewhere around 3
to 5 times the NOx numbers while still having margin on the emissions
permit. Stoichiometric engines tend to be very sensitive on the lean
side.

4. Record a 15-minute trend of the “DASHBOARD” values.
5. Go to page 1.2 AFR POST-CAT and insert the average value of the Post-

Cat HEGO3 into the POST-CAT SP TABLE.

6. Repeat the procedure as the engine is unloaded to the minimum load
requiring AFR control.

7. Set the “Load Breakpoint” to be equal to the Qmix at the minimum load
requiring AFR control.
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Tuning the Speed and Load PID

For an explanation of the Woodward PID implementation, see PID Control in
Chapter 3.

The following procedure describes a method of tuning the PID controls for
optimum performance.

To start tuning the speed/load control, the process must be in a stable steady
state condition. If operation is not stable, the Proportional gain should be reduced
until the process stabilizes. During the tuning operation, no load or speed
changes should be imposed from the process side. Toolkit trends can be used to
monitor the behavior of different parameters.

I-gain should be reduced to a value that is lower than originally tuned, but that
does not result in instability. The Derivative should be switched of by tuning it to
100.

Proportional Gain (P-gain)

Make a small change in the speed/load reference. Observe the response of the
process. If little or no cycling takes place, increase the P-gain to 150% of its
previous value, restore the speed/load reference to its original value and observe
the process response.

After each set point change, if the process does not cycle in response to the
change in speed/load reference, increase the P-gain to 150% of its previous
value until cycling occurs as shown in Figure 5-21a. When this point is reached,
reduce the P-gain to the previous setting (or slightly lower for extra margin in
stability).

Process —— »

Process
Setpoint

Time

Figure 5-21a. Proportional Gain Too High Curve

Process

Process —— —»

Setpoint

Time

Figure 5-21b. Proportional Gain Optimum Curve
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Process

Process

Setpoint

Time

Figure 5-21c. Proportional Gain Too Low Curve

Integral Action (I-gain)

Process

Process

Setpoint

Time —»

Figure 5-22a. Integral Action Too High Curve

Process

Process

Setpoint

Time —»

Figure 5-22b. Integral Action Optimum Curve

With the P-gain at the previously obtained in previous steps, make a change in
speed/load reference and observe the recovery cycle. If there is no excessive
cycling or oscillation, increase the I-gain to 150% of the original value. If there is
an oscillation, reduce the value. Continue to tune until the response looks like the
optimum Integral action response curve (Figure 5-22b).
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Derivative Action (SDR—Speed Derivative Ratio)

With the P-gain and the I-gain previously obtained in previous steps, reduce the
SDR to 50. Make a change in speed/load reference and observe the response
curve. If there is no excessive cycling or oscillation, decrease the SDR to 25.
Make another small change in set point and again observe the response curve.
Continue this tuning by approximately halving the SDR and making small step
changes to the set point, until a Derivative action optimum response curve is
obtained (Figure 5-23b). If a setting gives a response that looks like the
Derivative action too high curve (Figure 5-23a), increase the SDR to the previous

value.

With the P-gain, I-gain and SDR adjustments at the values previously obtained,
repeat previous steps starting with Proportional Gain (P-gain), until controller
adjustments show no further improvements. Normally it will be found that with the
SDR tuned, the P-gain can be increased. After the P-gain and SDR have been
optimized, the I-gain can be retuned as a final step.

Process

Process

Setpoint

Time

Figure 5-23a. Derivative Action Too High Curve

With the dynamics adjustments at the values previously obtained, verify
adequate settings and response of the process by making a larger change in the
speed/load reference and observing the process response. The desired typical
response is shown in Figure 5-24.

Process

Process

Setpoint

Time

Figure 5-23b. Derivative Action Optimum Curve

Woodward 207



E3 Stoichiometric Control System Manual 26473

Process

Process

Setpoint

V4

Time

Figure 5-24. Typical Response to Speed or Load Change

Misfire Detection Calibration

Disabling ignition on individual cylinders for the purpose of calibrating misfire
detection should be done on the primary side of the coils. Disconnecting the
sparkplug cables when the engine is running is NOT recommended. The coil(s)
can be damaged because of the high voltage that arises if the spark cannot
jump! This also poses a risk of shock to personnel near the engine.

HIGH VOLTAGE—Modern ignition systems can produce very high
voltages which can be very dangerous.

Alarm Override at Starting and Synchronization
To avoid misfire alarms during starting and synchronization misfire detection is
only active above the user specified “MISFIRE INDEX PERMISSIVE".

Calibration of the Misfire Detection

Figure 5-25 shows the HMI settings for misfire detection. Misfire Detection should
be calibrated to always recognize a misfire condition, but should not produce
false alarms. In order to achieve this balance, the following procedure should be
followed.
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MISFIRE FALLT
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Figure 5-25. Misfire Detection HMI Settings (HMI Screen 3.1)

Misfire Alarm Table

The filtered speed derivative signal changes in response to engine load. When
the engine is operating normally (no misfire, normal A/F ratio etc.) a baseline
curve of filtered speed irregularity versus engine load is defined. When the speed
irregularity signal is at or below this curve, this is interpreted as no misfire. During
misfire calibration it must be determined how far the speed irregularity signal may
go above this baseline before triggering an alarm. The speed irregularity vs. Load
table for triggering a misfire alarm on the ToolKit misfire screen allows the user to
adjust different alarm levels for different levels of Load.

The alarm is disabled below an adjustable load level. This to avoid spurious
alarms, as the speed irregularity signal to noise ratio is poorer at low load.
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In Figure 5-26 the linear relationship between the misfire signal and a changing
load can be seen. The speed irregularity signal is the baseline for normal
operation and is determined at the different load points. The Alarm Line is the
allowed speed irregularity above the baseline.

Before starting the calibration it is recommended to override the misfire alarms.
The ability to adjust load on the engine between 0 and 100% is required for this
procedure.
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Figure 5-26. Misfire Detection Curves

Misfire Filter Value

The speed derivative signal is filtered to tune misfire detection sensitivity to
“noise”. The default value of 0.2 s should be a good starting point. When the filter
time constant is too high, the responsiveness of the misfire detection it will be
reduced. The filter time (Tau) applies to a second order filter.

Minimum Load for Misfire Detection

The engine should be cycled through several starts and stops to check if false
misfires are detected during starting and stopping. The idle, running, and
synchronization modes should also be checked. The minimum Load for misfire
detection should be adjusted during these checks if misfire is indicated at lower
loads but is not really occurring.

Misfire Samples

The recommended setting for the number of samples parameter (“Samples =
Number of Cyls”) is the number of cylinders of the engine. If desired, the setting
can be fine tuned by trial and error. The maximum value is 16.

Alarm Delay
Figure 5-25 shows the HMI user setting for misfire alarm delay. The alarm delay
should be tuned to avoid false misfire detection during transients.
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Control Response to Misfire Detection

The response of the E3 controller to misfire detection is user configurable. There
will always be an alarm. At the user’s option, a shutdown on misfire detection can
be selected by checking the box under “Shutdown”. If shutdown is not selected,
closed loop will be disabled and the E3 controller will run in open loop mode.
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Chapter 6.

Diagnostics

Introduction

To facilitate troubleshooting problems in the system and to protect the engine, all
the critical parameters are monitored via diagnostics logic.

There are three possible reactions of the E3 to a diagnostic event:
e  Alarm with no derate

e  Alarm with derate

e  Shutdown

Below is a listing of all the alarms and shutdowns in numerical order. The faults
can be overridden by the user if desired via the HMI, if communication with the
control is established at or above the required password level. It is also possible
to configure the control response to the different diagnostic events.

All the alarms and shutdowns are latching. This means that on the occurrence of
a diagnostic event, the controller will record this information and keep the
alarm/shutdown active, until it receives a reset command and the cause for the
event has been removed.

Resets for the alarms can be commanded with the engine running; shutdowns
can only be reset after the engine is stopped.

Table 6-1 is a full listing of alarms and shutdowns. The HMI alarm and shutdown
screens are shown in Figures 6-1 through 6-5.

Table 6-1. E3 System Alarms

FAULT FLASHID | FMI | SPN | EMISSIONS?
ALS LOSS OF POWER 111 18 168 FALSE
SD5 LOSS OF POWER 112 31 168 FALSE
AL10 SYSTEM RICH 113 16 | 1119 TRUE
AL15 SYSTEM LEAN 114 18 | 1119 TRUE
AL20 MAP 1 SENSOR VOLT LO 115 4 106 FALSE
AL25 MAP 1 SENSOR VOLT HI 116 3 106 FALSE
AL30 MAP 2 SENSOR VOLT LO 117 4 | 3562 FALSE
AL35 MAP 2 SENSOR VOLT HI 118 3| 3562 FALSE
AL40 MAP SENSOR FAILURE 119 2 | 3563 TRUE
SD40 MAP SENSOR FAILURE 121 12 | 3563 TRUE
SD70 SPEED SENSOR CONFIG ERR 122 13 190 FALSE
AL71 CAM SENSOR FAIL 123 2 723 FALSE
SD71 CAM SENSOR FAIL 124 11 723 FALSE
SD72 CRANK SENSOR FAIL 125 2 190 FALSE
AL73 CRANK SPEED TOO LOW 126 17 | 1675 FALSE
AL74 CRANK SPEED TOO HIGH 127 15| 1675 FALSE
AL75 MAX TIMING ERROR EXCEEDED 128 15 723 FALSE
SD75 MAX TIMING ERROR EXCEEDED 129 16 723 FALSE
AL76 CAM/CRK SYNC ERROR 131 7 723 FALSE
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FAULT FLASHID | FMI | SPN | EMISSIONS?

SD76 CAM/CRK SYNC ERROR 132 0 723 FALSE
SD80 ENGINE OVERSPEED DETECTED 133 0 190 FALSE
SD81 ENGINE STALLED 134 1 190 FALSE
AL82 CLOSED-LOOP ERROR 135 16 | 4240 TRUE
SD82 CLOSED-LOOP ERROR 136 0| 4240 TRUE
AL83 POST HEGO 15 MIN AVG

EXCURSION 137 14 | 3235 TRUE
SD83 POST HEGO 15 MIN AVG

EXCURSION 138 13 | 3235 TRUE
AL84 UNREQUESTED OPEN-LOOP 139 18 | 4240 TRUE
SD84 UNREQUESTED OPEN-LOOP 141 1| 4240 TRUE
AL85 PRE-CAT BACKUP MODE

ACTIVATED 142 17 | 4240 TRUE
SD85 PRE-CAT BACKUP MODE

ACTIVATED 143 15 | 4240 TRUE
AL86 PRE-CAT TRIM HIGH LIMIT 144 3| 4236 TRUE
SD86 PRE-CAT TRIM HIGH LIMIT 145 5| 4236 TRUE
AL87 PRE-CAT TRIM LOW LIMIT 146 4| 4236 TRUE
SD87 PRE-CAT TRIM LOW LIMIT 147 6| 4236 TRUE
AL88 POST-CAT TRIM HIGH LIMIT 148 3| 3235 TRUE
SD88 POST-CAT TRIM HIGH LIMIT 149 5] 3235 TRUE
AL89 POST-CAT TRIM LOW LIMIT 151 4| 3235 TRUE
SD89 POST-CAT TRIM LOW LIMIT 152 6| 3235 TRUE
AL90 BANK BALANCE HIGH LIMIT 153 0 0 TRUE
SD90 BANK BALANCE HIGH LIMIT 154 0 0 TRUE
AL91 BANK BALANCE LOW LIMIT 155 0 0 TRUE
SD91 BANK BALANCE LOW LIMIT 156 0 0 TRUE
AL98 LOAD INPUT VOLT LO 157 4 | 2452 FALSE
SD98 LOAD INPUT VOLT LO 158 6| 2452 FALSE
AL100 LOAD INPUT VOLT HI 159 3| 2452 FALSE
SD100 LOAD INPUT VOLT HI 161 5| 2452 FALSE
AL102 MAT 1 SENSOR VOLT LO 162 4 105 FALSE
AL103 MAT 1 SENSOR VOLT HI 163 3 105 FALSE
AL105 MAT 2 SENSOR VOLT LO 164 4| 1131 FALSE
AL106 MAT 2 SENSOR VOLT HI 165 3| 1131 FALSE
AL110 MAT SENSOR FAILURE 166 2 105 TRUE
SD110 MAT SENSOR FAILURE 167 12 105 TRUE
AL111 LOT SENSOR VOLT LO 168 4 175 FALSE
SD111 LOT SENSOR VOLT LO 169 6 175 FALSE
AL112 LOT SENSOR VOLT HlI 171 3 175 FALSE
SD112 LOT SENSOR VOLT HlI 172 5 175 FALSE
AL113 ECT SENSOR VOLT LO 173 4 110 FALSE
SD113 ECT SENSOR VOLT LO 174 6 110 FALSE
AL114 ECT SENSOR VOLT HI 175 3 110 FALSE
SD114 ECT SENSOR VOLT HlI 176 5 110 FALSE
AL115 LUBE OIL SENSOR VOLT LO 177 4 100 FALSE
SD115 LUBE OIL SENSOR VOLT LO 178 6 100 FALSE
AL116 LUBE OIL SENSOR VOLT HI 179 3 100 FALSE
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FAULT FLASHID | FMI | SPN | EMISSIONS?
SD116 LUBE OIL SENSOR VOLT HI 181 5 100 FALSE
AL117 CAT DIFF SENSOR VOLT LO 182 4| 4291 FALSE
SD117 CAT DIFF SENSOR VOLT LO 183 6| 4291 FALSE
AL118 CAT DIFF SENSOR VOLT HlI 184 3| 4291 TRUE
SD118 CAT DIFF SENSOR VOLT HI 185 5| 4291 TRUE
AL119 PRE-CAT PRESS SENSOR VOLT
LO 186 4| 1209 TRUE
SD119 PRE-CAT PRESS SENSOR VOLT
LO 187 6| 1209 TRUE
AL120 PRE-CAT PRESS SENSOR VOLT
HI 188 3| 1209 TRUE
SD120 PRE-CAT PRESS SENSOR VOLT
HI 189 5| 1209 TRUE
AL121 POST-CAT PRESS SENSOR
VOLT LO 191 0 0 TRUE
SD121 POST-CAT PRESS SENSOR
VOLT LO 192 0 0 TRUE
AL122 POST-CAT PRESS SENSOR
VOLT HI 193 0 0 TRUE
SD122 POST-CAT PRESS SENSOR
VOLT HI 194 0 0 TRUE
AL123 PRE-CAT TEMP SENSOR VOLT
LO 195 4| 4289 TRUE
SD123 PRE-CAT TEMP SENSOR VOLT
LO 196 6| 4289 TRUE
AL124 PRE-CAT TEMP SENSOR VOLT
HI 197 3| 4289 TRUE
SD124 PRE-CAT TEMP SENSOR VOLT
HI 198 5| 4289 TRUE
AL125 POST-CAT TEMP SENSOR VOLT
LO 199 4 | 4290 TRUE
SD125 POST-CAT TEMP SENSOR
VOLT LO 211 6| 4290 TRUE
AL126 POST-CAT TEMP SENSOR VOLT
HI 212 3| 4290 TRUE
SD126 POST-CAT TEMP SENSOR
VOLT HI 213 5| 4290 TRUE
AL141 MAT1H 214 15 105 FALSE
SD142 MAT1 HH 215 0 105 FALSE
AL143 MAT1 H DERATE 216 16 105 FALSE
AL151 MAT2 H 217 15| 1131 FALSE
SD152 MAT2 HH 218 0| 1131 FALSE
AL153 MAT2 H DERATE 219 16 | 1131 FALSE
AL161 ECTH 221 15 110 FALSE
SD162 ECT HH 222 0 110 FALSE
AL163 ECT H DERATE 223 16 110 FALSE
AL166 LOT H 224 15 175 FALSE
SD167 LOT HH 225 0 175 FALSE
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FAULT FLASHID | FMI | SPN | EMISSIONS?
AL171 BALANCE DIFFERENTIAL H 226 0 0 TRUE
SD172 BALANCE DIFFERENTIAL HH 227 0 0 TRUE
AL175 MAP 1 H 228 15 106 FALSE
SD176 MAP 1 HH 229 0 106 FALSE
AL178 MAP 2 H 231 15 | 3562 FALSE
SD179 MAP 2 HH 232 0| 3562 FALSE
AL195 REM REF INPUT VOLT LO 233 4 898 FALSE
SD195 REM REF INPUT VOLT LO 234 6 898 FALSE
AL200 REM REF INPUT VOLT HI 235 3 898 FALSE
SD200 REM REF INPUT VOLT HI 236 5 898 FALSE
AL205 TPS 1 INPUT VOLT LO 237 4 51 TRUE
SD205 TPS 1 INPUT VOLT LO 238 6 51 TRUE
AL210 TPS 1 INPUT VOLT HI 239 3 51 TRUE
SD210 TPS 1 INPUT VOLT HI 241 5 51 TRUE
AL215 TPS 2 INPUT VOLT LO 242 4 | 4233 TRUE
SD215 TPS 2 INPUT VOLT LO 243 6| 4233 TRUE
AL220 TPS 2 INPUT VOLT HI 244 3| 4233 TRUE
SD220 TPS 2 INPUT VOLT HI 245 5| 4233 TRUE
AL225 FTPS 1 INPUT VOLT LO 246 4| 3673 TRUE
SD225 FTPS 1 INPUT VOLT LO 247 6| 3673 TRUE
AL226 FTPS 1 INPUT VOLT HI 248 3| 3673 TRUE
SD226 FTPS 1 INPUT VOLT HI 249 5| 3673 TRUE
AL227 FTPS 2 INPUT VOLT LO 251 4 | 4238 TRUE
SD227 FTPS 2 INPUT VOLT LO 252 6| 4238 TRUE
AL228 FTPS 2 INPUT VOLT HI 253 3| 4238 TRUE
SD228 FTPS 2 INPUT VOLT HI 254 5| 4238 TRUE
AL230 5 VOLT SUPPLY XDRP A LO 255 4 | 3509 FALSE
AL240 5 VOLT SUPPLY XDRP A HI 256 3| 3509 FALSE
AL250 5 VOLT SUPPLY XDRP B LO 257 4 | 3510 FALSE
AL260 5 VOLT SUPPLY XDRP B HI 258 3| 3510 FALSE
AL261 14V SUPPLY VOLT LO 259 4 | 3597 FALSE
AL262 14V SUPPLY VOLT HI 261 3| 3597 FALSE
AL263 LS 05 WIRING FAULT 262 0 0 FALSE
AL264 LS 06 WIRING FAULT 263 0 0 FALSE
AL265 LS 07 WIRING FAULT 264 0 0 FALSE
AL266 LS 08 WIRING FAULT 265 0 0 FALSE
AL267 LS 09 WIRING FAULT 266 0 0 FALSE
AL268 LS 10 WIRING FAULT 267 0 0 FALSE
AL275 MPRD WIRING FAULT 268 0 0 FALSE
SD310 CAN1 RX TX ERROR 269 2 639 FALSE
AL311 CAN2 RX TX ERROR 271 2| 1231 FALSE
SD320 CAN1 HARDWARE FAULT 272 31 639 FALSE
AL321 CAN2 HARDWARE FAULT 273 31| 1231 FALSE
SD330 SUPPLY VOLT LO 274 1 168 FALSE
SD340 SUPPLY VOLT HI 275 0 168 FALSE
AL350 SPD BIAS INPUT VOLT LO 276 4 | 3938 FALSE
AL360 SPD BIAS INPUT VOLT HI 277 3| 3938 FALSE
AL365 SPEED BIAS PWM FAULT 278 8| 3938 FALSE
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FAULT FLASHID | FMI | SPN | EMISSIONS?
AL370 MISFIRE DETECTED AL 279 16 | 3387 TRUE
SD380 MISFIRE DETECTED SD 281 0| 3387 TRUE
AL440 MAX FUEL / ENGINE
OVERLOAD 282 0| 3464 FALSE
AL441 LO POWER 283 1| 3464 FALSE
SD442 UNCONTROLLED OVERPOWER 284 20 | 3464 FALSE
AL443 CAT DIFF PRESSURE H 285 15 | 4291 TRUE
SD444 CAT DIFF PRESSURE HH 286 0| 4291 TRUE
AL445 CAT DIFF PRESSURE L 287 17 | 4291 TRUE
SD446 CAT DIFF PRESSURE LL 288 1] 4291 TRUE
AL447 PRE-CAT PRESSURE H 289 15 | 1209 TRUE
SD448 PRE-CAT PRESSURE HH 291 0| 1209 TRUE
AL449 POST-CAT PRESSURE H 292 0 0 TRUE
SD450 POST-CAT PRESSURE HH 293 0 0 TRUE
ALA451 PRE-CAT TEMP H 294 15 | 4289 TRUE
SD452 PRE-CAT TEMP HH 295 0| 4289 TRUE
AL453 POST-CAT TEMP H 296 15 | 4290 TRUE
SD454 POST-CAT TEMP HH 297 0| 4290 TRUE
AL455 HEGO 1 CURRENT H 298 16 | 3223 TRUE
SD456 HEGO 1 CURRENT HH 299 0| 3223 TRUE
AL457 HEGO 3 CURRENT H 311 16 | 3262 TRUE
SD458 HEGO 3 CURRENT HH 312 0| 3262 TRUE
AL470 PRE-CAT TEMP L 313 17 | 4289 TRUE
SD475 PRE-CAT TEMP LL 314 1| 4289 TRUE
AL485 LUBE OIL PRESS L 315 17 100 FALSE
SD486 LUBE OIL PRESS LL 316 1 100 FALSE
AL487 LUBE OIL PRESS L DERATE 317 18 100 FALSE
AL490 LUBE OIL LVL L 318 17 98 FALSE
SD491 LUBE OIL LVL LL 319 1 98 FALSE
AL492 LUBE OIL LVL L DERATE 321 18 98 FALSE
AL495 COOLING WATER LVL L 322 17 111 FALSE
SD496 COOLING WATER LVL LL 323 1 111 FALSE
AL497 COOLING WATER LVL L
DERATE 324 18 111 FALSE
SD498 EXTERNAL SD 1 ACTIVE 325 31 701 FALSE
SD499 EXTERNAL SD 2 ACTIVE 326 31 702 FALSE
AL550 HEGO 1 VOLT LO 327 4| 3217 TRUE
SD550 HEGO 1 VOLT LO 328 6| 3217 TRUE
AL555 HEGO 1 VOLT HI 329 3| 3217 TRUE
SD555 HEGO 1 VOLT HI 331 5| 3217 TRUE
AL560 HEGO 1 SENSOR FAILED 332 13 | 3217 TRUE
SD560 HEGO 1 SENSOR FAILED 333 12 | 3217 TRUE
AL561 HEGO 1 HEATER OPEN
CIRCUIT 334 5| 3223 TRUE
AL565 HEGO 2 VOLT LO 335 4 | 3256 TRUE
SD565 HEGO 2 VOLT LO 336 6| 3256 TRUE
AL570 HEGO 2 VOLT HI 337 3| 3256 TRUE
SD570 HEGO 2 VOLT HlI 338 5| 3256 TRUE
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SENSOR SD
@ 5040 MAP SENSOR FAILURE

@ 5070 SPEED SEMSOR CONFIG ERR
@ 5095 L0AD INPUT YOLTAGE LO

@ 50100 L0AD INPUT YOLTAGE HI

@ 50110 MAT SENSOR FAILURE

@ 50111 L0T SENSOR VOLT LO

@ 50112107 SENSOR YOLT HI

@ SD113ECT SENSOR VOLT LO

@ 50114 ECT SENSOR YOLT HI

@ 50115 LUBE OIL SENSOR VOLT LO

@ 50116 LUBE OIL SENSOR VOLT HI

@ 50117 CAT DIFF PRS SENSOR VOLT LO
@ 50115 CAT DIFF PRS SENSOR VOLT HI
@ SD119PRE-CAT PRS SENSOR YOLT LO

@ 50120 PRE-CAT PRS SENSOR VOLT HI

SEMSORSD
@ 50121 POST-CAT PRS SENSOR VOLT LO

@ 50122 POST-CAT PRS SENSOR VOLT HI
@ 50123 PRE-CAT TEMF SENSOR YOLT LO
@ 50124 PRE-CAT TEMP SENSOR YOLT HI
@ SD125 POST-CAT TEMP SENSOR VOLT LO
@ 50125 POST-CAT TEMP SENSOR VOLT HI
@ 50195 REM REF INPUT YOLT LO

@ 50200 REM REF INPUT WOLT HI

@ 50205 TPS 1INPUT VOLT LO

SENSOR 5D
@ 50550 HEGD 1VOLT LO

@ 50555 HEGD 1VOLT HI
@ 50560 HEGD 1 SENSOR FAILED
@ 50565 HEGD 2VOLT Lo
@ SDE7OHEGD 2VOLT HI
@ 50575 HEGD 2 SENSOR FAILED
@ 50580 HEGD 3VOLT LO
@ 50565 HEGD 3VOLT HI

@ 50530 HEGD 3 SENSOR FAILED

@ 50210 TPS 1 INPUT YOLT HI
@ SD215TPS 2 INPUT VOLT LO
@ 50220 TPS 2 INPUT WOLT HI
@ SD225FTPS 1 INPUT VOLT LO
@ SD225FTPS 1 INPUT WOLT HI
@ 50227 FTPS 2 INFUT WOLT LO

@ SD228FTPS 2 INPUT WOLT HI

Figure 6-1. SD - SENSOR (HMI Screen 4.0)

E35SD
@ 5051055 OF POWER

@ SDE0ENGINE DYERSPEED DETECTED
@ 5DE1 ENGINE STALLED

@ 5082 CLOSED-LOOP ERROR

@ 5DE3 POST-CAT 15 MIN A4G EXCURSION
@ 5084 UNREQUESTED OPEN-LOOP

@ 5DES PRE-CAT BACKUP MODE ACTIMATED
@ 5DEE PRE-CAT TRIM HIGH LIMIT

@ 5DE7 PRE-CAT TRIM LOW LIMIT

@ 5DE2 POST-CAT TRIM HIGH LIMIT

@ 5DE3POST-CAT TRIM LOW LIMIT

@ 5050 BANK BALANCE HIGH LIMIT

@ 50571 BANK BALANCE LOW LIMIT

@ SDIE7LOT HH

@ 50172 MANIFOLD DIFFERENTIAL HH

@ SDI7EMAP T HH

E3SD E3SD
@ SD17IMAR 2HH @ 50498 EXTERNAL 5D 1 ACTIVE

@ 50310 CANT CONTROLLER ERROR STATUS @ 50499 EXTERNAL 5D 2 ACTIVE

@ 50320 CANT CONTROLLER EUS OFF STATUS PCMHD 5D

@ 50330 SUPFLY VOLTASE LW @ 50700 RATEGROUP SLIP

@ 50340 SUPFLY VOLTASE HIGH @ 50701 PCMHD HI TEMP

@ 50320 MISFIRE DETECTED 5D @ 50702 PCMHD ROM FAULT

@ 50442 UNCONTROLLED OVERPOWER @ 50703 PCMHD RAM FALLT

@ 50444 CAT DIFF PRESSURE HH
@ 50446 CAT DIFF PRESSURE LL

@ 50443 PRE-CAT PRESSURE HH
IC-92< 50

@ 50450 POST-CAT PRESSURE HH
@ SD1000ERROR MISSING RING GEAR SIGMAL

@ 50452 PRE-CAT TEMP HH
@ 501001 ERROR MISSING RESET SIGMNAL

@ 50454 POST-CAT TEMP HH
@ 501002 ERROR MISSING CAMSHAFT SIGNAL

@ 50456 HEGD 1 CURRENT HH
@ 501004 UNKHOWM ENGINE APPLICATION CO

50458 HEGO 3 CURRENT HH
L @ 501005 OVERSPEED 50

@ 50475 PRE-CAT TEMP LL
@ 501006 EEPROM CHECKSUM ERROR

@ 501008 UMK GLOBAL TIMING OR ENERGY LO

@ 501010 0PEN PRIMARY RATE EXCEEDED

. S01011 SELF-TEST SHUTDOWN

Figure 6-2. SD - GENERAL (HMI Screen 4.1)
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IC-92= DIAGNOSTICS
@ AL1007 GLOBAL TIMING OUT OF RANGE

@ L1009 MDYV TIMING OUT OF RANGE
@ 5L1012 OPEN FRIMARY, CHAMMEL 1
@ AL1013 OPEN PRIMARY, CHAMNEL 2
@ AL1014 OPEN FRIMARY, CHANNEL 3
@ 5L1015 OPEN PRIMARY. CHAMNEL 4
@ 2L1016 OPEN PRIMARY, CHAMMEL 5
@ 5L1017 OPEN PRIMARY, CHAMMEL &
@ 4L1018 OPEN PRIMARY, CHAMNEL 7
@ AL1019 OPEN FRIMARY, CHANNEL &
@ 4L1020 OPEN PRIMARY. CHAMNEL 9
@ £L1021 OPEN FRIMAR'Y, CHAMNEL 10
@ 5L1022 OPEN FRIMARY, CHAMNEL 11

IC-82< INFO
@ ERROR NUMBER OF GEAR TEETH

@ 4T FOR DRPM
@ WARNING MISSING RING GEAR SIGNAL
@ WARNING MISSING RESET SIGNAL

@ WARNING MISSING CAMSHAFT SIGMAL

IC-92< DIAGNOSTICS
@ AL1023 OPEN PRIMARY. CHANMEL 12

@ AL1024 OPEN PRIMARY, CHANMEL 13
@ AL1025 OPEN FRIMARY, CHANMEL 14
@ AL1026 OPEN FRIMARY, CHANMEL 15
@ AL1027 OPEN FRIMARY, CHANNEL 16
@ AL1028 OPEN PRIMARY. CHANMEL 17
@ AL1029 OPEN PRIMARY, CHANMEL 18
@ AL1030 OPEN PRIMARY, CHANMEL 19
@ 411031 OPEN FRIMARY, CHANMEL 20
@ AL1032 OPEN PRIMARY, CHANNEL 21
@ AL1033 OPEN PRIMARY. CHANNMEL 22
@ AL1034 OPEN PRIMARY, CHANNEL 23
@ AL1035 OPEN PRIMARY, CHANMEL 24
@ AL1037 SCR FAULT ODD

@ AL1038 SCR FAULT EVEN
OAL‘IEME 00D EMERGY LEVEL OUT OF
RANGE

°AL1D4B EVEN EMERGY LEVEL OUT OF
RANGE

°AL1 34BIGMITION CAN WATCHDOG
TIMEOUT

ACTUATOR SD

@ 501300 THROTTLE 1 SHUTDOWN

@ 501308 THROTTLE 1 WwATCHDOG CAM TIMEOUT
@ 501310 THROTTLE 2 SHUTDOWN

@ 501318 THROTTLE 2 WATCHDOG CAN TIMEOUT
@ 501320 TRIM YALVE 1 SHUTDOWN

@ 501328 TRIM VALVE 1'WATCHDOG CAN TIMEOUT
@ 501330 TRIM VALVE 2 SHUTDOWN

@ 501338 TRIM VALVE 2'WATCHDOG CAM TIMEOUT

ACTUATOR FAULTS

@ 2L1301 THROTTLE 1 ALARM

@ L1305 THROTTLE 1 POSITION ERROR
@ 211311 THROTTLE 2 ALARM

@ AL1315 THROTTLE 2 POSITION ERROR
@ AL1321 TRIM VALYE 1 ALARM

@ L1325 TRIM YALYE 1 POSITION ERROR
@ AL1331 TRIM VALYE 2 ALARM

@ AL1335 TRIM YALYE 2 POSITION ERROR

easrgen S0

@ 501451 EASYGEN STOP COMMAND

Figure 6-3. SD/ALARM — SMART DEVICES (HMI Screen 4.2)

ALARM - SENSOR
@ AL20MAP 1 SENSOR VOLT LO

@ AL25 MAP 1 SENSOR VOLT HI
@ AL30MAP 2 SENSOR VOLT LO
@ AL35MAP 2 GENSOR VOLT HI
@ AL40 MAP SENSOR FAILURE
@ AL55 LOAD INPUT YOLTAGE LD
@ AL100L0AD INPUT YOLTAGE HI
@ AL102 MAT 1 SENS0R VOLT LD
@ AL103MAT 1 SENS0R VOLT HI
@ AL105 MAT 2 SENSOR VOLT LO
@ AL106 MAT 2 SENSOR VOLT HI
@ AL110MAT SENSOR FAILLRE
@ AL111L0T SENSOR WOLT LO
@ AL112L0T SENSOR WOLT HI
@ AL113ECT SENSOR VOLT LO

OAUM ECT SENSOR WOLT HI

ALARM - SENSOR
@ ~L115 LUBE DIL SENSOR VOLT LO

@ ~L116 LUBE DIL SENSOR VOLT HI

@ £L117 CAT DIFF PRS SENSOR VOLT LD
@ £L1IECAT DIFF PRS SENSOR VOLT HI
@ £L19PRE-CAT PRS GENSOR VOLT LO
@ 2L120PRE-CAT PRS SENSOR WOLT HI
@ 2L121 POST-CAT PRS SENSOR VOLT LO
@ 2L122 POST-CAT PRS SENSOR WOLT HI
@ 2L123PRE-CAT TEMP SENSOR WOLT LD
@ 41124 PRE-CAT TEMP SENSOR WOLT HI
@ ~L125 POST-CAT TEMP SENSOR YOLT LO
@ AL126 FOST-CAT TEMP SENSOR VOLT HI
@ 4L135 REM REF INPUT VOLT LO

@ AL200 REM REF INPUT VOLT HI

@ AL205 TPS 1INPUT VOLT LO

@ AL210TPS 1 INFUT VOLT HI

@ £L215TPS ZINFUT VOLT LO

OAL22D TPS ZINFUT VOLT HI

ALARM - SENSOR
@ AL225FTPS 1 INPUT YOLT LO

@ AL226FTPS 1 INPUT YOLT HI

@ AL227 FTPS 2INPUT YOLT LO

@ ALZZEFTPS ZINPUT WOLT HI

@ AL3505PD BIAS INPUT WOLT LO

@ AL3E0SPD BIAS INPUT WOLT HI

@ AL365 5PD BIAS P INFUT FALILT
@ AL550HEGD 1 WOLT LO

@ AL555 HEGD 1 WOLT HI

@ AL560HEGD 1 SENSOR FAILED

@ 4L561 HEGD 1 HEATER OPEN CIRCUIT
@ ALEEEHEGD 2VOLT LO

@ ALSFOHEGD 2YOLT HI

@ AL575HEGD 2 SENSOR FAILED

@ AL576 HEGD 3 HEATER OPEN CIRCUIT
@ ALE20HEGD 2VOLT LO

@ AL535 HEGD 3VOLT HI

@ AL5390HEGD 3 SENSOR FAILED

o AL1349 EXTERMAL TC NODE WATCHDOG

Figure 6-4. ALARM - SENSOR (HMI Screen 4.3)
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ALARM -E3 ALARM -E3 ALARM -E3

@ AL5L0SS OF POWER

@ AL10SYSTEM RICH

@ AL15SYSTEM LEAN

@ AL81 ENGINE STALLED

@ 482 CLOSED-LOOP ERFOR

@ ALE3POST-CAT 15 MIN AVG EXCURSION
@ ~L34 UNREQUESTED OPEN-LOOP

@ 4185 PRE-CAT BACKUP MODE ACTIVATED

@ ALIGELOT H

@ AL171 MANIFOLD DIFFERENTIAL H
@ ALITEMAP TH

@ ALITBMAP 2 H

@ £L2305VOLT SUPPLY XDRF_ALO
@ £L240 5VOLT SUPPLY XDRP_A HI
@ £L250 5VOLT SUPPLY XDRF_B LO

@ ALZE0 5 VOLT SUPPLY XDRP_E HI

@ AL275 MPRD WIRING FAULT

@ AL311 CAN2 CONTROLLER ERROR STATUS
@ AL321 CAN2 CONTROLLER BUS OFF STATUS
@ AL370 MISFIRE DETECTED AL

@ £L440 Wi, FUEL / ENGINE OVERLOAD

@ £L441 LO POWER

@ £L443 CAT DIFF PRESSURE H

@ ~L445 CAT DIFF PRESSURE L

@ AL36 PRE-CAT TRIM HIGH LIMIT @ ALZ5T 14v SUPPLY WOLT LO @ 4L447 PRE-CAT PRESSUREH

@ 4L37 PRE-CAT TRIM LOW LIMIT @ ALZE2 14¥ SUPPLY WOLT HI @ ~L443 POST-CAT PRESSURE H

@ 458 POST-CAT TRIM HIGH LIMIT @ £L263 L5 05 WIRING FALULT @ 41451 PRE-CAT TEMFH

@ L3I POST-CAT TRIM LOW LIMIT @ AL264 LS 06 WIRING FAULT @ 4L453 POST-CAT TEMPH

@ 4L90 BANK, BALANCE HIGH LIMIT @ AL2E5 LS 07 WIRING FAULT @ 4L455 HEGD 1 CURRENT H

@ 4L91 BANK BALANCE LOW LIMIT @ AL2EE LS 08WIRING FAULT @ 4L457 HEGD 3 CURRENT H

@ AL2E7 LS 09WIRING FAULT @ AL470 PRE-CAT TEMPL
@ AL263 LS 10WIRING FAULT @ 4L704 PCMHD EE FAULT

@ 4L1450 EXTERNAL CAM COMM TIMEOUT
@ ~L1450 MODBUS LINK ERROR

@ ~L1451 MODBUS EXCEPTION ERROR

Figure 6-5. ALARM — E3 (HMI Screen 4.4)

E3 System Alarms — Detailed Description

AL/SD5 LOSS OF POWER
This fault is set upon power-up; it informs the user that power has been lost.

AL10 SYSTEM RICH
The measured HEGO 3 value is compared to the setpoint. A fault occurs if the
setpoint + difference is greater than the measured value for the delay time.

AL15 SYSTEM LEAN
The measured HEGO 3 value is compared to the setpoint. A fault occurs if the
setpoint - difference is greater than the measured value for the delay time.

AL20 MAP 1 SENSOR VOLT LO and AL25 MAP 1 SENSOR

VOLT HI
This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL30 MAP 2 SENSOR VOLT LO and AL35 MAP 2 SENSOR

VOLT HI
This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD40 MAP SENSOR FAILURE
This indicates the sensor and the backup both had a sensor fault. A fault occurs
when the measured voltage is outside the prescribed limits for the delay time.
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SD70 SPEED SENSOR CONFIG ERR
This usually means the CRANK TEETH are out of range.

SD80 ENGINE OVERSPEED DETECTED
The fault is active when the speed rises above the threshold. A tunable allows
the use of the Raw Speed for overspeed sensing.

AL/SD82 CLOSED-LOOP ERROR
This alarm is activated when the pre-cat HEGO sensor does not cross 450 mV
for 60 seconds.

AL/SD83 POST HEGO 15 MIN AVG EXCURSION
This alarm is activated when the post-cat HEGO — setpoint is greater than the
window for the delay time.

AL/SD84 UNREQUESTED OPEN-LOOP
This alarm is activated when a pre-cat HEGO sensor fault occurs after the Grace
Period expires.

AL/SD85 PRE-CAT BACKUP MODE ACTIVATED
This alarm is activated when the post-cat HEGO sensor fault occurs after the
Grace Period expires.

AL/SD86 PRE-CAT TRIM HIGH LIMIT
This alarm is activated when the pre-cat PID has been on the high limit for a
delay time.

AL/SD87 PRE-CAT TRIM LOW LIMIT
This alarm is activated when the pre-cat PID has been on the low limit for a delay
time.

AL/SD88 POST-CAT TRIM HIGH LIMIT
This alarm is activated when the post-cat PID has been on the high limit for a
delay time.

AL/SD89 POST-CAT TRIM LOW LIMIT
This alarm is activated when the post-cat PID has been on the low limit for a
delay time.

AL/SD90 BANK BALANCE HIGH LIMIT
This alarm is activated when the Bank Balance PID has been on the high limit for
a delay time.

AL/SD91 BANK BALANCE LOW LIMIT
This alarm is activated when the Bank Balance PID has been on the low limit for
a delay time.

AL/SD98 LOAD INPUT VOLT LO
This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD100 LOAD INPUT VOLT HI
This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.
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AL102 MAT 1 SENSOR VOLT LO

This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL103 MAT 1 SENSOR VOLT HI

This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL105 MAT 2 SENSOR VOLT LO

This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL106 MAT 2 SENSOR VOLT HI

This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD110 MAT SENSOR FAILURE
This indicates the sensor and the backup both had a sensor fault. A fault occurs
when the measured voltage is outside the prescribed limits for the delay time.

AL/SD111 LOT SENSOR VOLT LO

This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD112 LOT SENSOR VOLT HI

This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD113 ECT SENSOR VOLT LO

This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD114 ECT SENSOR VOLT HI

This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD115 LUBE OIL SENSOR VOLT LO

This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD116 LUBE OIL SENSOR VOLT HI

This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD117 CAT DIFF SENSOR VOLT LO

This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD118 CAT DIFF SENSOR VOLT HI

This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD119 PRE-CAT PRESS SENSOR VOLT LO

This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.
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AL/SD120 PRE-CAT PRESS SENSOR VOLT HI
This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD121 POST-CAT PRESS SENSOR VOLT LO

This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD122 POST-CAT PRESS SENSOR VOLT HI

This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD123 PRE-CAT TEMP SENSOR VOLT LO

This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD124 PRE-CAT TEMP SENSOR VOLT HI
This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD125 POST-CAT TEMP SENSOR VOLT LO
This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD126 POST-CAT TEMP SENSOR VOLT HI

This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL141 MAT1H

This protection alarm activates when the measured value exceeded the threshold
for a delay time.

SD142 MAT1 HH

This protection shutdown activates when the measured value exceeded the
threshold for a delay time.

AL143 MAT1 H DERATE
This protection derate activates when the measured value exceeded the
threshold for a delay time.

AL151 MAT2 H

This protection alarm activates when the measured value exceeded the threshold
for a delay time.

SD152 MAT2 HH

This protection shutdown activates when the measured value exceeded the
threshold for a delay time.

AL153 MAT2 H DERATE
This protection derate activates when the measured value exceeded the
threshold for a delay time.

AL161 ECTH

This protection alarm activates when the measured value exceeded the threshold
for a delay time.
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SD162 ECT HH
This protection shutdown activates when the measured value exceeded the
threshold for a delay time.

AL163 ECT H DERATE

This protection derate activates when the measured value exceeded the
threshold for a delay time.

AL166 LOTH
This protection alarm activates when the measured value exceeded the threshold
for a delay time.

SD167 LOT HH
This protection shutdown activates when the measured value exceeded the
threshold for a delay time.

AL171 BALANCE DIFFERENTIAL H
This protection alarm activates when the measured value exceeded the threshold
for a delay time.

SD172 BALANCE DIFFERENTIAL HH
This protection shutdown activates when the measured value exceeded the
threshold for a delay time.

AL175 MAP 1H
This protection alarm activates when the measured value exceeded the threshold
for a delay time.

SD176 MAP 1 HH
This protection shutdown activates when the measured value exceeded the
threshold for a delay time.

AL178 MAP 2 H
This protection alarm activates when the measured value exceeded the threshold
for a delay time.

SD179 MAP 2 HH
This protection shutdown activates when the measured value exceeded the
threshold for a delay time.

AL/SD195 REM REF INPUT VOLT LO
This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD200 REM REF INPUT VOLT HI
This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD205 TPS 1 INPUT VOLT LO
This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD210 TPS 1 INPUT VOLT HI
This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.
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AL/SD215 TPS 2 INPUT VOLT LO
This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD220 TPS 2 INPUT VOLT HI

This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD225 FTPS 1 INPUT VOLT LO
This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD226 FTPS 1 INPUT VOLT HI
This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD227 FTPS 2 INPUT VOLT LO
This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL/SD228 FTPS 2 INPUT VOLT HI
This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL230 5 VOLT SUPPLY XDRP A LO

This alarm is activated when the 5V sensor power supply exceeds the threshold

for a delay time.
AL240 5 VOLT SUPPLY XDRP A HI

This alarm is activated when the 5V sensor power supply exceeds the threshold

for a delay time.

AL250 5 VOLT SUPPLY XDRP B LO

This alarm is activated when the 5V sensor power supply exceeds the threshold

for a delay time.

AL260 5 VOLT SUPPLY XDRP B HI

This alarm is activated when the 5V sensor power supply exceeds the threshold

for a delay time.

AL261 14V SUPPLY VOLT LO

This alarm is activated when the internal 14V sensor power supply exceeds the

threshold for a delay time.

AL262 14V SUPPLY VOLT HI

This alarm is activated when the internal 14V sensor power supply exceeds the

threshold for a delay time.

AL263 LS 05 WIRING FAULT

This alarm is activated when the Low-side driver senses an open or shorted
output. If the fault occurs when the driver is energized then it is a Short Circuit. If

the fault occurs when the driver is de-energized then it is an Open Circuit.

AL264 LS 06 WIRING FAULT

This alarm is activated when the Low-side driver senses an open or shorted
output. If the fault occurs when the driver is energized then it is a Short Circuit. If

the fault occurs when the driver is de-energized then it is an Open Circuit.
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AL265 LS 07 WIRING FAULT

This alarm is activated when the Low-side driver senses an open or shorted
output. If the fault occurs when the driver is energized then it is a Short Circuit. If
the fault occurs when the driver is de-energized then it is an Open Circuit.

AL266 LS 08 WIRING FAULT

This alarm is activated when the Low-side driver senses an open or shorted
output. If the fault occurs when the driver is energized then it is a Short Circuit. If
the fault occurs when the driver is de-energized then it is an Open Circuit.

AL267 LS 09 WIRING FAULT

This alarm is activated when the Low-side driver senses an open or shorted
output. If the fault occurs when the driver is energized then it is a Short Circuit. If
the fault occurs when the driver is de-energized then it is an Open Circuit.

AL268 LS 10 WIRING FAULT

This alarm is activated when the Low-side driver senses an open or shorted
output. If the fault occurs when the driver is energized then it is a Short Circuit. If
the fault occurs when the driver is de-energized then it is an Open Circuit.

AL275 MPRD WIRING FAULT

This alarm is activated when the Low-side driver senses an open or shorted
output. If the fault occurs when the driver is energized then it is a Short Circuit. If
the fault occurs when the driver is de-energized then it is an Open Circuit.

SD310 CAN1 RX TX ERROR
This fault activates when the number of RX TX Errors accumulate greater than
the tunable threshold.

AL311 CAN2 RX TX ERROR
This fault activates when the number of RX TX Errors accumulate greater than
the tunable threshold.

SD320 CAN1 HARDWARE FAULT
This alarm is activated when the CAN RED LED is ON; this usually indicates a
network wiring issue.

AL321 CAN2 HARDWARE FAULT
This alarm is activated when the CAN RED LED is ON; this usually indicates a
network wiring issue.

SD330 SUPPLY VOLT LO
This alarm is activated when the input supply voltage exceeds the tunable
threshold.

SD340 SUPPLY VOLT HI
This alarm is activated when the input supply voltage exceeds the tunable
threshold.

AL350 SPD BIAS INPUT VOLT LO
This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.

AL360 SPD BIAS INPUT VOLT HI
This indicates a sensor fault. A fault occurs when the measured voltage is
outside the prescribed limits for the delay time.
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AL365 SPEED BIAS PWM FAULT

This indicates a sensor fault. A fault occurs when the measured Duty Cycle is
outside the prescribed limits for the delay time

OR when the input frequency falls below 0.6 * tunable frequency target

OR rises above 4000 Hz.

AL370 MISFIRE DETECTED AL
This alarm is activated when MISFIRE LEVEL is greater than the tunable
threshold level for a tunable delay time.

SD380 MISFIRE DETECTED SD
This shutdown is activated when MISFIRE LEVEL is greater than the tunable
threshold level for a tunable delay time.

AL440 MAX FUEL / ENGINE OVERLOAD
This alarm is activated when the throttle stays at MAX FUEL LIMIT for a tunable
delay time.

AL441 LO POWER
This alarm is activated when the Speed PID is greater than 95% for a tunable
delay time AND the Speed Error is greater than 2% of Rated Speed.

SD442 UNCONTROLLED OVERPOWER
This alarm is activated when the load is greater than a tunable threshold AND
(the PID is less than 1% OR a Throttle Position error is active.

AL443 CAT DIFF PRESSURE H

This protection alarm activates when the measured value exceeded the threshold
for a delay time.

SD444 CAT DIFF PRESSURE HH
This protection shutdown activates when the measured value exceeded the
threshold for a delay time.

AL445 CAT DIFF PRESSURE L
This protection alarm activates when the measured value exceeded the threshold
for a delay time.

SD446 CAT DIFF PRESSURE LL
This protection shutdown activates when the measured value exceeded the
threshold for a delay time.

AL447 PRE-CAT PRESSURE H
This protection alarm activates when the measured value exceeded the threshold
for a delay time.

SD448 PRE-CAT PRESSURE HH
This protection shutdown activates when the measured value exceeded the
threshold for a delay time.

AL449 POST-CAT PRESSURE H
This protection alarm activates when the measured value exceeded the threshold
for a delay time.
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SD450 POST-CAT PRESSURE HH
This protection shutdown activates when the measured value exceeded the
threshold for a delay time.

AL451 PRE-CAT TEMP H
This protection alarm activates when the measured value exceeded the threshold
for a delay time.

SD452 PRE-CAT TEMP HH
This protection shutdown activates when the measured value exceeded the
threshold for a delay time.

AL453 POST-CAT TEMP H
This protection alarm activates when the measured value exceeded the threshold
for a delay time.

SD454 POST-CAT TEMP HH
This protection shutdown activates when the measured value exceeded the
threshold for a delay time.

AL455 HEGO 1 CURRENT H
This protection alarm activates when the measured value exceeded the threshold
for a delay time.

SD456 HEGO 1 CURRENT HH
This protection shutdown activates when the measured value exceeded the
threshold for a delay time.

AL457 HEGO 3 CURRENT H
This protection alarm activates when the measured value exceeded the threshold
for a delay time.

SD458 HEGO 3 CURRENT HH
This protection shutdown activates when the measured value exceeded the
threshold for a delay time.

AL470 PRE-CAT TEMP L
This protection alarm activates when the measured value exceeded the threshold
for a delay time.

SD475 PRE-CAT TEMP LL
This protection shutdown activates when the measured value exceeded the
threshold for a delay time.

AL485 LUBE OIL PRESS L
This protection alarm activates when the measured value exceeded the threshold
for a delay time.

SD486 LUBE OIL PRESS LL
This protection shutdown activates when the measured value exceeded the
threshold for a delay time.

AL487 LUBE OIL PRESS L DERATE
This protection derate alarm activates when the measured value exceeded the
threshold for a delay time.
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AL490 LUBE OIL LVL L
This protection alarm activates when the input is active for a delay time.

SD491 LUBE OIL LVL LL
This protection shutdown activates when the input is active for a delay time.

AL492 LUBE OIL LVL L DERATE
This protection derate activates when the input is active for a delay time.

AL495 COOLING WATER LVL L
This protection alarm activates when the input is active for a delay time.

SD496 COOLING WATER LVL LL
This protection shutdown activates when the input is active for a delay time.

AL497 COOLING WATER LVL L DERATE
This protection derate activates when the input is active for a delay time.

SD498 EXTERNAL SD 1 ACTIVE
This protection shutdown activates when the input is active for a delay time.

SD499 EXTERNAL SD 2 ACTIVE
This protection shutdown activates when the input is active for a delay time.

AL/SD550 HEGO 1 VOLT LO

This indicates a sensor fault. A fault occurs when the measured voltage is lower
than the prescribed limits for the delay time.

AL/SD555 HEGO 1 VOLT HI
This indicates a sensor fault. A fault occurs when the measured voltage is higher
than the prescribed limits for the delay time.

AL/SD560 HEGO 1 SENSOR FAILED
This indicates a sensor fault. A fault occurs when the measured voltage resides
in the tunable window for the tunable delay time.

AL561 HEGO 1 HEATER OPEN CIRCUIT

This alarm is activated when the current measured in HEGO 1 Heater is below
the tunable threshold while the heater is active.

AL/SD565 HEGO 2 VOLT LO

This indicates a sensor fault. A fault occurs when the measured voltage is lower
than the prescribed limits for the delay time.

AL/SD570 HEGO 2 VOLT HI

This indicates a sensor fault. A fault occurs when the measured voltage is higher
than the prescribed limits for the delay time.

AL/SD575 HEGO 2 SENSOR FAILED
This indicates a sensor fault. A fault occurs when the measured voltage resides
in the tunable window for the tunable delay time.

AL576 HEGO 3 HEATER OPEN CIRCUIT
This alarm is activated when the current measured in HEGO 3 Heater is below
the tunable threshold while the heater is active.
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AL/SD580 HEGO 3 VOLT LO
This indicates a sensor fault. A fault occurs when the measured voltage is lower
than the prescribed limits for the delay time.

AL/SD585 HEGO 3 VOLT Hi

This indicates a sensor fault. A fault occurs when the measured voltage is higher
than the prescribed limits for the delay time.

AL/SD590 HEGO 3 SENSOR FAILED
This indicates a sensor fault. A fault occurs when the measured voltage resides
in the tunable window for the tunable delay time.

SD700 RATEGROUP SLIP
This alarm is activated when a serious E3 Controller problem exists; please call
Woodward if this occurs.

SD701 PCMHD HI TEMP
This alarm is activated when the internal electronics temperature has exceeded
its limit.

SD702 PCMHD ROM FAULT
This alarm is activated when a serious E3 Controller problem exists; please call
Woodward if this occurs.

SD703 PCMHD RAM FAULT
This alarm is activated when a serious E3 Controller problem exists; please call
Woodward if this occurs.

AL704 EE BACKUP FAULT
This alarm is activated when the backup EEPROM calibration memory is
corrupted; please call Woodward if this occurs.

SD1000 ERROR MISSING RING GEAR SIG
This alarm is activated from the 1C-92X and indicates activity on the Reset pin
and Cam pin but no ring gear signals.

SD1001 ERROR MISSING RESET SIGNAL
This alarm is activated from the 1C-92X and indicates activity on the ring gear
and Cam pin but no Reset pin signals.

SD1002 ERROR MISSING CAMSHAFT SIGNAL
This alarm is activated from the 1C-92X and indicates activity on the Reset pin
and ring gear but no Cam pin signals.

SD1004 UNKNOWN ENGINE APP CODE
This alarm is activated from the 1C-92X and indicates a problem when control
booted-up.

SD1005 IC-92X OVERSPEED SD

This alarm is activated from the 1C-92X, please note that all IC shutdowns can
only be reset by cycling power on the IC-92X itself and then activating a Fault
Reset from the E3.

SD1006 EEPROM CHECKSUM ERROR
This alarm is activated from the 1C-92X and indicates an internal problem, please
contact Woodward if this occurs.
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AL1007 GLOBAL TIMING OUT OF RANGE

This alarm is activated from the 1C-92X and indicates that it is receiving CAN
signals but they are out of its limit range. Please check the IC timing limit (which
are still active in CAN mode) or the E3 command to ensure they are the correct
range.

SD1008 UNKNOWN TIMING OR ENERGY LVL
This alarm is activated from the 1C-92X and indicates that it is set to receive CAN
signals but no messages are coming from the E3.

AL1009 INDV TIMING OUT OF RANGE

This alarm is activated from the 1C-92X and indicates that it is receiving CAN
signals but at least one individual offset is out of its limit range. Please check the
IC timing limit (which are still active in CAN mode) or the E3 command to ensure
all cylinders are in the correct range.

SD1010 OPEN PRIMARY RATE EXCEEDED
This alarm is activated from the 1C-92X and indicates that the primary open
signal rate has exceeded its fault threshold.

SD1011 1C-92X SELF-TEST SHUTDOWN
This alarm is activated from the IC-92X and indicates that it is in Self-Test mode.

AL1012 OPEN PRIMARY CHANNEL 1
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 1.

AL1013 OPEN PRIMARY CHANNEL 2
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 2.

AL1014 OPEN PRIMARY CHANNEL 3
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 3.

AL1015 OPEN PRIMARY CHANNEL 4
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 4.

AL1016 OPEN PRIMARY CHANNEL 5
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 5.

AL1017 OPEN PRIMARY CHANNEL 6
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 6.

AL1018 OPEN PRIMARY CHANNEL 7

This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 7.

AL1019 OPEN PRIMARY CHANNEL 8
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 8.
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AL1020 OPEN PRIMARY CHANNEL 9
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 9.

AL1021 OPEN PRIMARY CHANNEL 10

This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 10.

AL1022 OPEN PRIMARY CHANNEL 11
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 11.

AL1023 OPEN PRIMARY CHANNEL 12
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 12.

AL1024 OPEN PRIMARY CHANNEL 13
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 13.

AL1025 OPEN PRIMARY CHANNEL 14
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 14.

AL1026 OPEN PRIMARY CHANNEL 15
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 15.

AL1027 OPEN PRIMARY CHANNEL 16
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 16.

AL1028 OPEN PRIMARY CHANNEL 17
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 17.

AL1029 OPEN PRIMARY CHANNEL 18
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 18.

AL1030 OPEN PRIMARY CHANNEL 19
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 19.

AL1031 OPEN PRIMARY CHANNEL 20
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 20.

AL1032 OPEN PRIMARY CHANNEL 21
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 21.

AL1033 OPEN PRIMARY CHANNEL 22
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 22.
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AL1034 OPEN PRIMARY CHANNEL 23
This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 23.

AL1035 OPEN PRIMARY CHANNEL 24

This alarm is activated from the 1C-92X and indicates that it is sensing a open
primary on channel 24.

AL1037 SCR FAULT ODD
This alarm is activated from the 1C-92X and indicates an internal component
problem, please contact Woodward if this occurs.

AL1038 SCR FAULT EVEN
This alarm is activated from the 1C-92X and indicates an internal component
problem, please contact Woodward if this occurs.

AL1045 ODD ENERGY LVL OUT OF RANGE
This alarm is activated from the 1C-92X and indicates that it is receiving CAN
signals but the ODD ENERGY signal is out of range.

AL1046 EVEN ENERGY LVL OUT OF RANGE
This alarm is activated from the 1C-92X and indicates that it is receiving CAN
signals but the EVEN ENERGY signal is out of range.

SD1300 THROTTLE 1 SHUTDOWN

This fault is activated when the selected Throttle 1 has reported a Shutdown. If
the throttle is configured as a PWM out, the THROTTLE 1 OK Discrete input can
be configured as the Shutdown indicator. If the throttle is configured for CAN then
the Shutdown was reported over the CAN link.

AL1301 THROTTLE 1 ALARM

This fault is activated when the selected Throttle 1 has reported an alarm. If the
throttle is configured as a PWM out, the THROTTLE 1 OK Discrete input can be
configured as the Alarm indicator. If the throttle is configured for CAN then the
Alarm was reported over the CAN link.

AL/SD1305 THROTTLE 1 POSITION ERROR

This fault is activated when the selected Throttle 1 has developed a position
error. If the throttle is configured as a PWM out, the TPS 1 Input can be used to
determine the position error. If the throttle is configured for CAN then the Alarm
was reported over the CAN link, in addition a hardwire TPS 1 can be used.

SD1308 THROTTLE 1 WATCHDOG CAN TIMEOUT
This fault is activated when only when throttle is configured for CAN and no
messages for the timeout period have been received.

SD1310 THROTTLE 2 SHUTDOWN

This fault is activated when the selected Throttle 2 has reported a Shutdown. If
the throttle is configured as a PWM out, the THROTTLE 2 OK Discrete input can
be configured as the Shutdown indicator. If the throttle is configured for CAN then
the Shutdown was reported over the CAN link.

AL1311 THROTTLE 2 ALARM

This fault is activated when the selected Throttle 2 has reported an alarm. If the
throttle is configured as a PWM out, the THROTTLE 2 OK Discrete input can be
configured as the Alarm indicator. If the throttle is configured for CAN then the
Alarm was reported over the CAN link.
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AL/SD1315 THROTTLE 2 POSITION ERROR

This fault is activated when the selected Throttle 2 has developed a position
error. If the throttle is configured as a PWM out, the TPS 2 Input can be used to
determine the position error. If the throttle is configured for CAN then the Alarm
was reported over the CAN link, in addition a hardwire TPS 2 can be used
instead.

SD1318 THROTTLE 2 WATCHDOG CAN TIMEOUT
This fault is activated when only when throttle is configured for CAN and no
messages for the timeout period have been received.

SD1320 FTV 1 SHUTDOWN

This alarm is activated when the selected FTV 1 has reported a Shutdown. If the
throttle is configured as a PWM out, the FTV 1 OK Discrete input can be
configured as the Shutdown indicator. If the throttle is configured for CAN then
the Shutdown was reported over the CAN link.

AL1321 FTV 1 ALARM

This fault is activated when the selected FTV 1 has reported an alarm. If the
throttle is configured as a PWM out, the FTV 1 OK Discrete input can be
configured as the Alarm indicator. If the throttle is configured for CAN then the
Alarm was reported over the CAN link.

AL/SD1325 FTV 1 POSITION ERROR

This fault is activated when the selected FTV 1 has developed a position error. If
the FTV is configured as a PWM out, the FTPS 1 Input can be used to determine
the position error. If the throttle is configured for CAN then the Alarm was
reported over the CAN link, in addition a hardwire FTPS 1 can be used instead.

SD1328 FTV 1 WATCHDOG CAN TIMEOUT
This fault is activated when only when FTV is configured for CAN and no
messages for the timeout period have been received.

SD1330 FTV 2 SHUTDOWN

This alarm is activated when the selected FTV 1 has reported a Shutdown. If the
throttle is configured as a PWM out, the FTV 1 OK Discrete input can be
configured as the Shutdown indicator. If the throttle is configured for CAN then
the Shutdown was reported over the CAN link.

AL1331 FTV 2 ALARM

This fault is activated when the selected FTV 2 has reported an alarm. If the
throttle is configured as a PWM out, the FTV 2 OK Discrete input can be
configured as the Alarm indicator. If the throttle is configured for CAN then the
Alarm was reported over the CAN link.

AL/SD1335 FTV 2 POSITION ERROR

This fault is activated when the selected FTV 2 has developed a position error. If
the FTV is configured as a PWM out, the FTPS 2 Input can be used to determine
the position error. If the throttle is configured for CAN then the Alarm was
reported over the CAN link, in addition a hardwire FTPS 2 can be used instead.

SD1338 FTV 2 WATCHDOG CAN TIMEOUT
This fault is activated when only when FTV is configured for CAN and no
messages for the timeout period have been received.
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AL1348 IGNITION CAN WATCHDOG TIMEOUT
This fault is activated when the IC-92X is selected for J1939 CAN and no
messages have been received for the timeout period (10 seconds)

AL1349 TC NODE WATCHDOG CAN TIMEOUT
This fault is activated when the IC-92X is selected for J1939 CAN and no
messages have been received for the timeout period (10 seconds)

AL1450 EASYGEN J1939 TIMEOUT
This fault is activated when the IC-92X is selected for J1939 CAN and no
messages have been received for the timeout period (10 seconds)

AL1451 EASYGEN STOP COMMAND

This is not an alarm, if an easYgen Stop Signal is sensed then the command is
latched until the engine stops. The event shows up in the FAULT LOG.

AL1460 MODBUS LINK ERROR
If a Modbus Link Error (tunable timeout) occurs during Modbus operation, this
fault is latched.

AL1461 MODBUS EXCEPTION ERROR

If a Modbus Exception Error occurs during Modbus operation, this fault is
latched.

Fault Log

Figure 6-6 shows the Service Tool Fault Log. This list gives an overview of the
alarms that are active or have been active in the past. The following columns
give relevant information:

GRID DISPLAY

The FAULT LOG displays the faults in a grid format with columns: FLASH ID,
FAULT, COUNT, FAULT STATE, EMISSIONS FAULT, EMISSIONS ACTIVE,
and RUN HOURS.

FLASH ID COLUMN
The FLASH ID column displays a unique identifier that corresponds to the MIL
FLASH CODE if enabled.

FAULT COLUMN
The FAULT column displays the Fault description.

COUNT COLUMN
The COUNT column displays the number of times the fault has reoccurred
without being removed from the FAULT LOG.

FAULT STATE COLUMN
The FAULT STATE column displays the current state of the latched fault
INACTIVE/ACTIVE.

EMISSIONS FAULT COLUMN
The EMISSIONS FAULT column displays whether or not the fault is an
emissions related fault.
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EMISSIONS ACTIVE COLUMN
The EMISSIONS ACTIVE column indicates TRUE if the fault is emissions related
and ACTIVE.

RUN HOURS COLUMN
The RUN HOURS column displays the engine RUN HOURS at the time of the
fault.

RESET INDIVIDUAL
Click this momentary button to clear selected INACTIVE faults from the FAULT
LOG.

RESET ALL
Click this momentary button to clear all INACTIVE faults from the FAULT LOG.

EXPORT
Click this momentary button to save the FAULT LOG to a text file.

FAULT RESET
Click this momentary button to send a fault reset pulse, all cleared ALARMS wiill
clear. The engine must be stopped to reset SHUTDOWN:Ss.

FIRST OUT SHUTDOWN
Text readout indicating the description of the first shutdown to trigger.

FLASH ID | FALLT COUNT  FALILT STATE = EMISSIONS FAULT | EMISSIONS ACTIVE | RUN HOURS

Reset Al ][ Export

FIRST OUT SHUTDOWM

FAULT RESET NO SHUTDOWNS

Figure 6-6. Fault Log (HMI Screen 7.1)
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Chapter 7.

Control Wiring Diagram

The E3 Stoichiometric Trim control wiring diagram, documents 9971-1330 for
AFR ONLY version and 9971-1331 for SPEED CONTROL version, is reproduced
below. This document is available in electronic form on the CD-ROM that is
supplied with the system controller and from Woodward on request. Note that all
system and wiring options are shown. Wiring of individual applications will be
reduced from that shown.
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Chapter 8.

Approved Electronic Parts List & Mating

Connector Reference Table
]

Approved Electronic Parts List

Item Part Detail Required | Qty. | Manuals
Number
Controller & | 8280-1104 E3 - Stoichiometric Control (AFR Yes 1 26473
Accessories Only)
8280-1105 E3-Stoichiometric Trim (AFR or
GQCL, S.C., and Misfire)
8928-1096 Hardware E3 System - Mating No 1
Connectors
Crank 5430-929 Magnetic(.625-18,1680-622 P.U.) Yes 1 82510
Pickup
Cam Pickup | 5430-929 Magnetic(.625-18,1680-622 P.U.) No 1
1689-1114 Sensor-Active Speed, M16X1.5,
5.12 OAL
1689-1115 Sensor-Active Speed, 5/8-18 UNF-
2A, 5.12 OAL
MAP/TMAP | 1689-1091 TMAP Yes 1 82689
Sensor VM5734.023 | MAP 3 Bar with 6m Cable
0
6910-314 MAP 3 Bar, sensor only
8928-7261 Kit - Sensor, MAP, 4 Bar, 0.5-4.5v,
W/ Connector
1689-1110 MAP, E3 Lean Trim
MAT DL08041301 | N.T.C., with Coupling 1/4" NPT, Yes 1
Sensor Wire Length 3mtr.
1689-1120 Temperature, Engine, 2-Pin
Passive, M12x1.5 Thread
ECT DL08041301 | N.T.C., with Coupling 1/4" NPT, No 1
Sensor Wire Length 3mtr.
1689-1120 Temperature, Engine, 2-Pin
Passive, M12x1.5 Thread
HEGO 1689-1197 Sensor — Industrial HEGO Yes 1
Sensor & VM5581.000 | HEGO Fitting No 1
Accessories | 4
DL10170006 | Plug for HEGO Sensor Fitting No 1
DL10081824 | Washer, Copper 18 x 24 No 1
8928-7363 Kit-AMP 4-Pin Connector Mating Yes 1
kw 8444-1022 UMT111B/A3SU No 1 37139
Transducer 36356
1680-6015 Watt; 0-300kW; In:3X380V/2X5A,
220V; Out:4-20mA
IC-920/922 | 8408-0725 IC-920 CSA Listed 20 Cylinder No 1 26263
Ignition & Industrial Ignition J-1939 CANbus
Accessories | 8408-0727 IC-922 CSA Listed 20 Cylinder No 1
Industrial Ignition J-1939 CANbus
5404-1072 Harness, IC 920 Odd Bank No 1
5404-1073 Harness, IC 920 Even Bank No 1
8408-501 Negative Gnd, Molded, Unshielded No 1
Blue per
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Item Part Detail Required | Qty. | Manuals
Number
8409-501 Coll, shielded blue negative ground | No cyl.
5430-929 Pickup, Magnetic(.625-18,1680-622 | No 3 82510
P.U.)
Trim Valve/ | 8404-2013 L-Series ITB, 25mm, PWM Yes 1 23237
Actuator & Positioner 26249
Accessories | 8404-2014 L-Series ITB, 30mm, PWM
Positioner
8404-2015 L-Series ITB, 36mm, PWM
Positioner
8404-2016 L-Series ITB, 43mm, PWM
Positioner
8404-2017 L-Series ITB, 50mm, PWM
Positioner
8235-601 F-Series ITB, 14-Pin-A, 48mm-Std, 26355
Default Sch, N/C
8235-605 F-Series ITB, 14-Pin-A, 60mm-Std,
Default Sch, N/C
8235-609 F-Series ITB, 14-Pin-A, 68mm-Std,
Default Sch, N/C
8235-650 F-Series Act, 23-Pin, Std-Mnt, Std-
Shft, Dflt Pmtrs, No Spring ( EGS)
8235-140 Flo-Tech ITB 75mm 04141
8404-077 ProAct P-Series, Model Il 26578
8928-396 Kit, ITB & LCS/LC-50, Connector, No 1
Socket, Key (for
L-series)
8923-1311 Kit, F-Series 14-Pin Mating No 1
Connector
8923-371 Kit, Connector Packard Elec. No 1
Weather Pack 6 Pin (for Flo-Tech)
6995-1021 Kit, Straight Plug Connector (for No 1
ProAct w/integrated connector)
Mixture 8404-2013 L-Series ITB, 25mm, PWM No 1 23237
Throttle/ Positioner 26249
Actuator & 8404-2014 L-Series ITB, 30mm, PWM
Accessories Positioner
8404-2015 L-Series ITB, 36mm, PWM
Positioner
8404-2016 L-Series ITB, 43mm, PWM
Positioner
8404-2017 L-Series ITB, 50mm, PWM
Positioner
8235-601 F-Series ITB, 14-Pin-A, 48mm-Std, 26355
Default Sch, N/C
8235-602 F-Series ITB, 23-Pin-A, 48mm-Std,
Default Sch, N/C
8235-605 F-Series ITB, 14-Pin-A, 60mm-Std,
Default Sch, N/C
8235-606 F-Series ITB, 23-Pin-A, 60mm-Std,
Default Sch, N/C
8235-609 F-Series ITB, 14-Pin-A, 68mm-Std,
Default Sch, N/C
8235-610 F-Series ITB, 23-Pin-A, 68mm-Std,
Default Sch, N/C
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Item Part Detail Required | Qty. | Manuals
Number
8235-650 F-Series Act, 23-Pin, Std-Mnt, Std-
Shft, Dflt Pmtrs, No Spring (EGS)
8235-140 Flo-Tech ITB 75mm 04141
8404-077 P-Series, Model 26578
8404-073 P-Series, Model lll
8404-076 P-Series, Model IV
8404-077 P-Series, Model Il
8235-373 180 mm ITB, ProAct P-Series Model
\Y
8235-372 160 mm ITB, ProAct P-Series Model
1]
8235-371 135 mm ITB, ProAct P-Series Model
I
8235-366 120 mm ITB, ProAct P-Series Model
Il
8235-365 105 mm ITB, ProAct P-Series Model
Il
8235-370 95 mm ITB, ProAct P-Series Hi
Temp Bearings
8235-369 85 mm ITB, ProAct P-Series Hi
Temp Bearings
8928-396 Kit, ITB & LCS/LC-50, Connector,
Socket, Key (for
L-series)
8923-1311 Kit, F-Series 14-Pin Mating No 1
Connector
8923-1312 Kit, F-Series 23-Pin Mating No 1
Connector
8923-371 Kit, Connector Packard Elec. No 1
Weather Pack 6 Pin (for Flo-Tech)
1631-045 Connector-3106F18-9S, Crimp, No 1
Zinc-Cobalt Plating (for ProAct
Analog)
easYgen 8440-1818 easYgen-3100-1 No 1 37223
8440-1817 easYgen-3100-5 37224
8440-1816 easYgen-3200-1 37225
8440-1831 easYgen-3200-5
USB to 1784-1037 USB to RS-485/422 Optically No 1
RS-485 Isolated
Converter
Galvanic 1784-453 Amplifier-3-Way Isolating, with No A/R
Isolator Configurable In/Output - (MCR-C-
UI-UI-DCI/..., Phoenix, 2810913)
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Appendix.
Modbus Address List

Address Description Multiplier
Boolean Writes
0:0001 FAULT RESET
0:0002 FIRST OUT RESET
0:0003 SPEED MONITOR RESET
0:0004 MISFIRE MONITOR RESET
0:0005 CAT DELTA PRESSURE MONITOR RESET
0:0006 PRE-CAT PRESSURE MONITOR RESET
0:0007 PRE-CAT TEMP MONITOR RESET
0:0008 POST-CAT TEMP MONITOR RESET
0:0009 CAT TEMP RISE MONITOR RESET
0:0010 15 MIN AVERAGE MONITOR RESET
0:0011 DI - EXTERNAL SHUTDOWN 1
0:0012 DI - EXTERNAL SHUTDOWN 2
0:0013 DI - COOLING WATER LEVEL LOW
0:0014 DI - LUBE OIL LEVEL LOW
0:0015 DI - RUN/STOP
0:0016 DI - IDLE/RATED
0:0017 DI - LOWER
0:0018 DI - RAISE
0:0019 DI - GENERATOR BREAKER
0:0020 DI - UTILITY BREAKER
0:0021 DI - AFR POT LEARN
0:0022 DI - IGNITION ON
0:0023 CLEAR EXTERNAL BIAS TABLE
0:0024 INCREMENT AFR SETPOINT
0:0025 DECREMENT AFR SETPOINT
Boolean Reads
1:0001 SYSTEM SHUTDOWN
1:0002 SYSTEM ALARM
1:0003 ENGINE CRANKING
1.0004 ENGINE RUNNING
1:0005 PID IN CONTROL
1:0006 | START RAMP IN CONTROL
1.0007 MAX LIMITER IN CONTROL
1:0008 LOAD REJECTION IN CONTROL
1:0009 15 MINUTE AVERAGE SAMPLE VALID
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Address Description Multiplier
1.0010 DI - DG1
1.0011 DI - DG2
1:0012 DI - AN14
1.0013 DI - AN15
1.0014 DI - AN16
1:0015 DI - AN20
1:0016 | DI-AN21
1.0017 DI - AN22
1.0018 DI - AN23
1:0019 DI - AN24
1:0020 DI - AN25
1.0021 DI - AN17
1:0022 IGNITION FIRE CONFIRM
1:0023 | COOLING WATER LEVEL LOW
1.0024 LUBE OIL LEVEL LOW
1:0025 MODBUS SELECT
1:0026 | RUN
1.0027 GEN BREAKER
1:0028 RESET
1:0029 IDLE
1:0030 | LOWER
1.0031 RAISE
1:0032 UTILITY BREAKER
1:0033 EXTERNAL SHUTDOWN 1
1.0034 EXTERNAL SHUTDOWN 2
1:0035 THROTTLE OK 1
1:0036 | THROTTLE OK 2
1.0037 THROTTLE OK 3
1:0038 THROTTLE OK 4
1:0039 IGNITION ON
1:0040 | MPRD BATTERY CONSERVE ON
1.0041 LSO 5 ALARM RELAY
1:0042 LSO 6 SHUTDOWN RELAY
1:0043 LSO 7 OPEN FUEL SHUTOFF VALVE
1.0044 LSO 8 MIL RELAY
1:0045 LSO 9 EXTERNAL IGNITION SD
1:0046 LSO 10 RUN RELAY
1:0047 | AL5 LOSS OF POWER
1.0048 SD5 LOSS OF POWER
1:0049 AL10 SYSTEM RICH
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Address Description Multiplier
1:0050 AL15 SYSTEM LEAN
1.0051 AL20 MAP 1 SENSOR VOLT LO
1:0052 | AL25 MAP 1 SENSOR VOLT Hl
1:0053 AL30 MAP 2 SENSOR VOLT LO
1.0054 AL35 MAP 2 SENSOR VOLT HI
1:0055 AL40 MAP SENSOR FAILURE
1:0056 | SDA0 MAP SENSOR FAILURE
1.0057 SD70 SPEED SENSOR CONFIG ERR
1:0058 AL71 CAM SENSOR FAIL
1:0059 | SD71 CAM SENSOR FAIL
1:0060 SD72 CRANK SENSOR FAIL
1.0061 AL73 CRANK SPEED TOO LOW
1:0062 AL74 CRANK SPEED TOO HIGH
1:0063 | AL75 MAX TIMING ERROR EXCEEDED
1.0064 SD75 MAX TIMING ERROR EXCEEDED
1:0065 AL76 CAM/CRK SYNC ERROR
1:0066 | SD76 CAM/CRK SYNC ERROR
1:0067 SD80 ENGINE OVERSPEED DETECTED
1:0068 SD81 ENGINE STALLED
1:0069 | AL82 CLOSED-LOOP ERROR
1:0070 SD82 CLOSED-LOOP ERROR
1.0071 AL83 POST HEGO 15 MIN AVG EXCURSION
1:0072 SD83 POST HEGO 15 MIN AVG EXCURSION
1:0073 | AL84 UNREQUESTED OPEN-LOOP
1.0074 SD84 UNREQUESTED OPEN-LOOP
1:0075 AL85 PRE-CAT BACKUP MODE ACTIVATED
1:0076 | SD85 PRE-CAT BACKUP MODE ACTIVATED
1.0077 AL86 PRE-CAT TRIM HIGH LIMIT
1.0078 SD86 PRE-CAT TRIM HIGH LIMIT
1:0079 AL87 PRE-CAT TRIM LOW LIMIT
1:0080 | SD87 PRE-CAT TRIM LOW LIMIT
1:0081 AL88 POST-CAT TRIM HIGH LIMIT
1:0082 SD88 POST-CAT TRIM HIGH LIMIT
1:0083 | AL89 POST-CAT TRIM LOW LIMIT
1:0084 SD89 POST-CAT TRIM LOW LIMIT
1:0085 AL90 BANK BALANCE HIGH LIMIT
1:0086 SD90 BANK BALANCE HIGH LIMIT
1:0087 | AL91 BANK BALANCE LOW LIMIT
1:0088 SD91 BANK BALANCE LOW LIMIT
1:0089 AL98 LOAD INPUT VOLT LO
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Address Description Multiplier

1:0090 SD98 LOAD INPUT VOLT LO

1:0091 AL100 LOAD INPUT VOLT HI

1:0092 | SD100 LOAD INPUT VOLT HlI

1:0093 AL102 MAT 1 SENSOR VOLT LO

1:0094 AL103 MAT 1 SENSOR VOLT HI

1:0095 AL105 MAT 2 SENSOR VOLT LO

1:0096 | AL106 MAT 2 SENSOR VOLT HI

1.0097 AL110 MAT SENSOR FAILURE

1:0098 SD110 MAT SENSOR FAILURE

1:0099 | AL111 LOT SENSOR VOLT LO

1:0100 SD111 LOT SENSOR VOLT LO

1.0101 AL112 LOT SENSOR VOLT HI

1:0102 SD112 LOT SENSOR VOLT HI

1:0103 | AL113 ECT SENSOR VOLT LO

1.0104 SD113 ECT SENSOR VOLT LO

1:0105 AL114 ECT SENSOR VOLT HI

1:0106 | SD114 ECT SENSOR VOLT HI

1.0107 AL115 LUBE OIL SENSOR VOLT LO

1:0108 SD115 LUBE OIL SENSOR VOLT LO

1:0109 AL116 LUBE OIL SENSOR VOLT HI

1.0110 SD116 LUBE OIL SENSOR VOLT HI

1.0111 AL117 CAT DIFF SENSOR VOLT LO

1:0112 SD117 CAT DIFF SENSOR VOLT LO

1:0113 | AL118 CAT DIFF SENSOR VOLT HI

1.0114 SD118 CAT DIFF SENSOR VOLT HI

1:.0115 AL119 PRE-CAT PRESS SENSOR VOLT LO

1:0116 | SD119 PRE-CAT PRESS SENSOR VOLT LO

1.0117 AL120 PRE-CAT PRESS SENSOR VOLT HI

1.0118 SD120 PRE-CAT PRESS SENSOR VOLT HI

1:.0119 AL121 POST-CAT PRESS SENSOR VOLT LO

1:0120 | SD121 POST-CAT PRESS SENSOR VOLT LO

1.0121 AL122 POST-CAT PRESS SENSOR VOLT HI

1:.0122 SD122 POST-CAT PRESS SENSOR VOLT HI

1:0123 | AL123 PRE-CAT TEMP SENSOR VOLT LO

1.0124 SD123 PRE-CAT TEMP SENSOR VOLT LO

1:.0125 AL124 PRE-CAT TEMP SENSOR VOLT HI

1:0126 SD124 PRE-CAT TEMP SENSOR VOLT HI

1:0127 | AL125 POST-CAT TEMP SENSOR VOLT LO

1.0128 SD125 POST-CAT TEMP SENSOR VOLT LO

1:0129 AL126 POST-CAT TEMP SENSOR VOLT HI
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Address Description Multiplier

1:0130 SD126 POST-CAT TEMP SENSOR VOLT HI

1.0131 AL141 MAT1H

1:0132 | SD142 MAT1 HH

1.0133 AL143 MAT1 H DERATE

1.0134 AL151 MAT2 H

1:0135 SD152 MAT2 HH

1:0136 | AL153 MAT2 H DERATE

1.0137 AL161 ECTH

1:.0138 SD162 ECT HH

1:0139 | AL163 ECT H DERATE

1.0140 AL166 LOTH

1.0141 SD167 LOT HH

1:.0142 AL171 BALANCE DIFFERENTIAL H

1:0143 | SD172 BALANCE DIFFERENTIAL HH

1.0144 AL175 MAP 1H

1.0145 SD176 MAP 1 HH

1:0146 | ALI78 MAP2 H

1.0147 SD179 MAP 2 HH

1.0148 AL195 REM REF INPUT VOLT LO

1.0149 SD195 REM REF INPUT VOLT LO

1.0150 AL200 REM REF INPUT VOLT HI

1.0151 SD200 REM REF INPUT VOLT HI

1:0152 AL205 TPS 1 INPUT VOLT LO

1:0153 | SD205 TPS 1 INPUT VOLT LO

1.0154 AL210 TPS 1 INPUT VOLT HI

1:0155 SD210 TPS 1 INPUT VOLT HI

1:0156 | AL215TPS 2 INPUT VOLT LO

1.0157 SD215 TPS 2 INPUT VOLT LO

1:0158 AL220 TPS 2 INPUT VOLT HI

1:0159 SD220 TPS 2 INPUT VOLT HI

1:0160 | AL225FTPS 1 INPUT VOLT LO

1.0161 SD225 FTPS 1 INPUT VOLT LO

1:.0162 AL226 FTPS 1 INPUT VOLT HI

1:0163 | SD226 FTPS 1 INPUT VOLT HI

1.0164 AL227 FTPS 2 INPUT VOLT LO

1:0165 SD227 FTPS 2 INPUT VOLT LO

1:.0166 AL228 FTPS 2 INPUT VOLT HI

1:0167 | SD228 FTPS 2 INPUT VOLT HI

1.0168 AL230 5 VOLT SUPPLY XDRP A LO

1:0169 AL240 5 VOLT SUPPLY XDRP A HI
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Address Description Multiplier
1.0170 AL250 5 VOLT SUPPLY XDRP B LO
1.0171 AL260 5 VOLT SUPPLY XDRP B HI
1:0172 | AL261 14V SUPPLY VOLT LO
1.0173 AL262 14V SUPPLY VOLT HI
1.0174 AL263 LS 05 WIRING FAULT
1:0175 AL264 LS 06 WIRING FAULT
1:0176 | AL265 LS 07 WIRING FAULT
1.0177 AL266 LS 08 WIRING FAULT
1:.0178 AL267 LS 09 WIRING FAULT
1:0179 | AL268 LS 10 WIRING FAULT
1:0180 AL275 MPRD WIRING FAULT
1.0181 SD310 CAN1 RX TX ERROR
1:0182 AL311 CAN2 RX TX ERROR
1:0183 | SD320 CAN1 HARDWARE FAULT
1.0184 AL321 CAN2 HARDWARE FAULT
1:0185 SD330 SUPPLY VOLT LO
1:0186 | SD340 SUPPLY VOLT HI
1.0187 AL350 SPD BIAS INPUT VOLT LO
1.0188 AL360 SPD BIAS INPUT VOLT HI
1.0189 AL365 SPEED BIAS PWM FAULT
1:0190 AL370 MISFIRE DETECTED AL
1.0191 SD380 MISFIRE DETECTED SD
1:0192 AL440 MAX FUEL / ENGINE OVERLOAD
1:0193 | AL441 LO POWER
1.0194 SD442 UNCONTROLLED OVERPOWER
1:0195 AL443 CAT DIFF PRESSURE H
1:0196 | SD444 CAT DIFF PRESSURE HH
1.0197 AL445 CAT DIFF PRESSURE L
1:0198 SD446 CAT DIFF PRESSURE LL
1:0199 AL447 PRE-CAT PRESSURE H
1:0200 | SD448 PRE-CAT PRESSURE HH
1.0201 AL449 POST-CAT PRESSURE H
1:0202 SD450 POST-CAT PRESSURE HH
1:0203 | AL451 PRE-CAT TEMP H
1.0204 SD452 PRE-CAT TEMP HH
1:0205 AL453 POST-CATTEMP H
1:0206 SD454 POST-CAT TEMP HH
1:0207 | AL455 HEGO 1 CURRENTH
1:0208 SD456 HEGO 1 CURRENT HH
1:0209 AL457 HEGO 3 CURRENT H
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Address Description Multiplier

1.0210 SD458 HEGO 3 CURRENT HH

1.0211 AL470 PRE-CAT TEMP L

1:0212 | SDA475 PRE-CAT TEMP LL

1.0213 AL485 LUBE OIL PRESS L

1.0214 SD486 LUBE OIL PRESS LL

1:0215 AL487 LUBE OIL PRESS L DERATE

1:0216 | AL490 LUBE OIL LVL L

1.0217 SD491 LUBE OIL LVL LL

1:.0218 AL492 LUBE OIL LVL L DERATE

1:0219 | AL495 COOLING WATER LVL L

1:0220 SD496 COOLING WATER LVL LL

1.0221 AL497 COOLING WATER LVL L DERATE

1:0222 SD498 EXTERNAL SD 1 ACTIVE

1:0223 | SD499 EXTERNAL SD 2 ACTIVE

1.0224 AL550 HEGO 1 VOLT LO

1:0225 SD550 HEGO 1 VOLT LO

1:0226 | AL555 HEGO 1 VOLT HI

1.0227 SD555 HEGO 1 VOLT HI

1:.0228 AL560 HEGO 1 SENSOR FAILED

1:0229 SD560 HEGO 1 SENSOR FAILED

1:0230 AL561 HEGO 1 HEATER OPEN CIRCUIT

1.0231 AL565 HEGO 2 VOLT LO

1:0232 | SD565 HEGO 2 VOLT LO

1:0233 | AL570 HEGO 2 VOLT HI

1.0234 SD570 HEGO 2 VOLT HI

1:0235 AL575 HEGO 2 SENSOR FAILED

1:0236 | SD575 HEGO 2 SENSOR FAILED

1.0237 AL576 HEGO 3 HEATER OPEN CIRCUIT

1:0238 AL580 HEGO 3 VOLT LO

1:0239 | SD580 HEGO 3 VOLT LO

1:0240 | AL585 HEGO 3 VOLT HI

1.0241 SD585 HEGO 3 VOLT HI

1:0242 AL590 HEGO 3 SENSOR FAILED

1:0243 | SD590 HEGO 3 SENSOR FAILED

1.0244 SD700 RATEGROUP SLIP

1:0245 SD701 PCMHD HI TEMP

1:0246 SD702 PCMHD ROM FAULT

1:0247 | SD703 PCMHD RAM FAULT

1:0248 AL704 EE BACKUP FAULT

1:0249 SD1000 ERROR MISSING RING GEAR SIG
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1:0250 SD1001 ERROR MISSING RESET SIGNAL
1.0251 SD1002 ERROR MISSING CAMSHAFT SIGNAL
1:0252 | SD1004 UNKNOWN ENGINE APP CODE
1:0253 SD1005 IC-92X OVERSPEED SD
1.0254 SD1006 EEPROM CHECKSUM ERROR
1:0255 AL1007 GLOBAL TIMING OUT OF RANGE
1:0256 | SD1008 UNKNOWN TIMING OR ENERGY LVL
1.0257 AL1009 INDV TIMING OUT OF RANGE
1:0258 SD1010 OPEN PRIMARY RATE EXCEEDED
1:0259 | SD1011 IC-92X SELF-TEST SHUTDOWN
1.0260 AL1012 OPEN PRIMARY CHANNEL 1
1.0261 AL1013 OPEN PRIMARY CHANNEL 2
1:0262 AL1014 OPEN PRIMARY CHANNEL 3
1:0263 | AL1015 OPEN PRIMARY CHANNEL 4
1.0264 AL1016 OPEN PRIMARY CHANNEL 5
1:0265 AL1017 OPEN PRIMARY CHANNEL 6
1:0266 | AL1018 OPEN PRIMARY CHANNEL 7
1.0267 AL1019 OPEN PRIMARY CHANNEL 8
1:0268 AL1020 OPEN PRIMARY CHANNEL 9
1:0269 AL1021 OPEN PRIMARY CHANNEL 10
1.0270 AL1022 OPEN PRIMARY CHANNEL 11
1.0271 AL1023 OPEN PRIMARY CHANNEL 12
1:0272 AL1024 OPEN PRIMARY CHANNEL 13
1:0273 | AL1025 OPEN PRIMARY CHANNEL 14
1.0274 AL1026 OPEN PRIMARY CHANNEL 15
1:0275 AL1027 OPEN PRIMARY CHANNEL 16
1:0276 | AL1028 OPEN PRIMARY CHANNEL 17
1.0277 AL1029 OPEN PRIMARY CHANNEL 18
1.0278 AL1030 OPEN PRIMARY CHANNEL 19
1:0279 AL1031 OPEN PRIMARY CHANNEL 20
1:0280 | AL1032 OPEN PRIMARY CHANNEL 21
1.0281 AL1033 OPEN PRIMARY CHANNEL 22
1:0282 AL1034 OPEN PRIMARY CHANNEL 23
1:0283 | AL1035 OPEN PRIMARY CHANNEL 24
1.0284 AL1037 SCR FAULT ODD
1:0285 AL1038 SCR FAULT EVEN
1:0286 AL1045 ODD ENERGY LVL OUT OF RANGE
1:0287 | AL1046 EVEN ENERGY LVL OUT OF RANGE
1:0288 SD1300 THROTTLE 1 SHUTDOWN
1:0289 AL1301 THROTTLE 1 ALARM
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1:0290 AL1305 THROTTLE 1 POSITION ERROR

1:0291 SD1305 THROTTLE 1 POSITION ERROR

1:0292 | SD1308 THROTTLE 1 WATCHDOG CAN TIMEOUT

1.0293 SD1310 THROTTLE 2 SHUTDOWN

1:0294 AL1311 THROTTLE 2 ALARM

1:0295 AL1315 THROTTLE 2 POSITION ERROR

1:0296 | SD1315 THROTTLE 2 POSITION ERROR

1.0297 SD1318 THROTTLE 2 WATCHDOG CAN TIMEOUT

1:0298 SD1320 FTV 1 SHUTDOWN

1:0299 | AL1321 FTV 1 ALARM

1:0300 AL1325 FTV 1 POSITION ERROR

1:0301 SD1325 FTV 1 POSITION ERROR

1:0302 SD1328 FTV 1 WATCHDOG CAN TIMEOUT

1:0303 | SD1330 FTV 2 SHUTDOWN

1.0304 AL1331 FTV 2 ALARM

1:0305 AL1335 FTV 2 POSITION ERROR

1:0306 | SD1335 FTV 2 POSITION ERROR

1.0307 SD1338 FTV 2 WATCHDOG CAN TIMEOUT

1:0308 AL1348 IGNITION CAN WATCHDOG TIMEOUT

1:0309 AL1349 TC NODE WATCHDOG CAN TIMEOUT

1.0310 AL1401 CYLINDER 1 OPEN CIRCUIT

1.0311 SD1401 CYLINDER 1 OPEN CIRCUIT

1:0312 AL1402 CYLINDER 2 OPEN CIRCUIT

1:0313 | SD1402 CYLINDER 2 OPEN CIRCUIT

1.0314 AL1403 CYLINDER 3 OPEN CIRCUIT

1:.0315 SD1403 CYLINDER 3 OPEN CIRCUIT

1:0316 | AL1404 CYLINDER 4 OPEN CIRCUIT

1.0317 SD1404 CYLINDER 4 OPEN CIRCUIT

1.0318 AL1405 CYLINDER 5 OPEN CIRCUIT

1:0319 SD1405 CYLINDER 5 OPEN CIRCUIT

1:0320 | AL1406 CYLINDER 6 OPEN CIRCUIT

1.0321 SD1406 CYLINDER 6 OPEN CIRCUIT

1:0322 AL1411 CYLINDER 1 SHORT CIRCUIT

1:0323 | SD1411 CYLINDER 1 SHORT CIRCUIT

1.0324 AL1412 CYLINDER 2 SHORT CIRCUIT

1:0325 SD1412 CYLINDER 2 SHORT CIRCUIT

1:0326 AL1413 CYLINDER 3 SHORT CIRCUIT

1:0327 | SD1413 CYLINDER 3 SHORT CIRCUIT

1:0328 AL1414 CYLINDER 4 SHORT CIRCUIT

1:0329 SD1414 CYLINDER 4 SHORT CIRCUIT
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1:0330 AL1415 CYLINDER 5 SHORT CIRCUIT
1.0331 SD1415 CYLINDER 5 SHORT CIRCUIT
1:0332 | AL1416 CYLINDER 6 SHORT CIRCUIT
1.0333 S$SD1416 CYLINDER 6 SHORT CIRCUIT
1.0334 SD1430 ALL COILS OPEN CIRCUIT FLT
1:0335 SD1440 ALL COILS SHORT CIRCUIT FLT
1:0336 | AL1450 EASYGEN J1939 TIMEOUT
1.0337 AL1451 EASYGEN STOP COMMAND
1:0338 AL1460 MODBUS LINK ERROR
1:0339 | AL1461 MODBUS EXCEPTION ERROR

Analog Reads Multiplier
3:0001 AFR MODE STATE 1
3:0002 | SOV SEQUENCE STATE 1
3:0003 | AFR SEQUENCE STATE 1
3:0004 CURRENT RUN DURATION(HRS) 10
3:0005 TOTAL RUN HOURS(HRS)
3:0006 | TOTAL RUN HOURS 2ND WORD(HRS) 1
3:0007 ENGINE SPEED(RPM) 10
3:0008 SPEED REFERENCE(RPM) 10
3:0009 MISFIRE LEVEL(RPM/SECA2) 1000
3:0010 MISFIRE ALARM LEVEL(RPM/SEC?2) 1000
3:0011 MISFIRE SD LEVEL(RPM/SECA2) 1000
3:0012 | THROTTLE 1(%) 10
3:0013 | THROTTLE 2(%) 10
3:0014 TRIM VALVE 1(%) 10
3:0015 TRIM VALVE 2(%) 10
3:0016 | IGNITION ADVANCE(DEG BTDC) 10
3:0017 ECT TIMING BIAS(DEG ADV) 10
3:0018 IGNITION BASE(DEG BTDC) 10
3:0019 MANUAL ADVANCE(DEG ADV) 10
3:0020 | MAP USED(PSIA) 10
3:0021 MANIFOLD PRS BANK 1(PSIA) 100
3:0022 MANIFOLD PRS BANK 2(PSIA) 100
3:0023 MAT USED(DEG F) 10
3:0024 MANIFOLD TEMP BANK 1(DEG F) 10
3:0025 MANIFOLD TEMP BANK 2(DEG F) 10
3:0026 | Q MIX TOTAL(SCFM)
3:0027 | Q MIX BANK 1(SCFM)
3:0028 Q MIX BANK 2(SCFM)
3:0029 BASE TRIM VALUE BANK 1(%) 10
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3:0030 BASE TRIM VALUE BANK 2(%) 10
3:0031 OPENLOOP VALUE BANK 1(%) 10
3:0032 | OPENLOOP VALUE BANK 2(%) 10
3:0033 AFR SETPOINT BANK 1(MV) 1
3:0034 AFR SETPOINT BANK 2(MV) 1
3:0035 AFR SIGNAL RUN AVG BANK 1(MV) 1
3:0036 | AFR SIGNAL RUN AVG BANK 2(MV) 1
3:0037 AFR SIGNAL BANK 1(MV) 1
3:0038 AFR SIGNAL BANK 2(MV) 1
3:0039 EXTERNAL CORRECTION BIAS(MV) 10
3:0040 POST-CAT SETPOINT(MV) 10
3:0041 POST-CAT HEGO RAW(MV)

3:0042 | POST-CAT HEGO AVG(MV) 1
3:0043 POST-CAT HEGO3(MV) 1
3:0044 POST-CAT PID BIAS(%) 10
3:0045 POST-CAT 15-MIN AVERAGE(MV) 1
3:0046 | PRE-CAT HEGO1(MV) 1
3:0047 PRE-CAT HEGO2(MV) 1
3:0048 PRE-CAT HEGO VOLTAGE BANK 1(MV) 1
3:0049 PRE-CAT HEGO VOLTAGE BANK 2(MV) 1
3:0050 HEGO 1 HEATER CURRENT(A) 1000
3:0051 HEGO 3 HEATER CURRENT(A) 1000
3:0052 AMPLITUDE BANK 1(%) 100
3:0053 | AMPLITUDE BANK 2(%) 100
3:0054 | FREQUENCY(HZ) 100
3:0055 LOAD REFERENCE PERCENT(%) 100
3:0056 | MAP FULL LOAD PERCENT(%) 10
3:0057 LOAD FULL LOAD PERCENT(%) 10
3:0058 PRE-CAT PID BANK 1(%) 10
3:0059 PRE-CAT PID BANK 2(%) 10
3:0060 | CAT DIFF PRESS CALC(IN H20) 100
3:0061 CAT DIFF PRESS INPUT(IN H20) 100
3:0062 PRE-CAT PRESS(IN H20) 100
3:0063 POST-CAT/AMBIENT PRS(IN H20) 100
3:0064 PRE-CAT TEMP(DEG F)

3:0065 POST-CAT TEMP(DEG F) 1
3:0066 | CAT TEMP RISE(DEG F)

3:0067 | TPS 1(%) 10
3:0068 | TPS 2(%) 10
3:0069 FTPS 1(%) 10
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3:0070 FTPS 2(%) 10
3:0071 | LOAD(KW) 1
3:0072 MAP 1(PSIA) 10
3:0073 MAP 2(PSIA) 10
3:0074 MAT 1(DEG F) 10
3:0075 | MAT 2(DEG F) 10
3:0076 LUBE OIL PRS(PSI) 100
3:0077 LUBE OIL TEMPERATURE(DEG F) 10
3:0078 ENGINE COOLANT TEMP(DEG F) 10
3:0079 | REMOTE REF(%) 10
3:0080 SPEED BIAS(RPM) 10
3:0081 SPEED MON HI(RPM) 10
3:0082 | SPEED MON LO(RPM) 10
3:0083 MISFIRE MON HI(RPM/SECA2) 1000
3:0084 MISFIRE MON LO(RPM/SECA2) 1000
3:0085 CAT DELTA PRS MON HI(IN H20) 100
3:0086 | CAT DELTA PRS MON LO(IN H20) 100
3:0087 PRE-CAT PRS MON HI(IN H20) 100
3:0088 PRE-CAT PRS MON LO(IN H20) 100
3:0089 PRE-CAT TEMP MON HI(DEG F) 1
3:0090 PRE-CAT TEMP MON LO(DEG F) 1
3:0091 POST-CAT TEMP MON HI(DEG F) 1
3:0092 POST-CAT TEMP MON LO(DEG F) 1
3:0093 | CAT TEMP RISE MON HI(DEG F) 1
3:0094 CAT TEMP RISE MON LO(DEG F) 1
3:0095 15 MIN AVERAGE MON HI(MV) 1
3:0096 15 MIN AVERAGE MON LO(MV) 1
Analog Writes Multiplier
4:0001 REMOTE LOAD REFERENCE(kW) 1
4:0002 REMOTE SPEED REFERENCE(RPM) 1
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