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General
Precautions
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performed before installing, operating, or servicing this equipment.

Practice all plant and safety instructions and precautions.
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Revisions
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http://www.woodward.com
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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.
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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. The latest version of most publications is available on the
Woodward website.

www.woodward.com/publications

Always compare with the original for technical specifications and for proper and
safe installation and operation procedures.

If your publication is not on the Woodward website, please contact your customer
service representative to get the latest copy.

Revisions— A bold, black line alongside the text identifies changes in this publication since the

last revision.

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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Important Definitions

Warnings and Notices

safety messages that follow this symbol to avoid possible injury or death.

f This is the safety alert symbol used to alert you to potential personal injury hazards. Obey all

. DANGER - Indicates a hazardous situation, which if not avoided, will result in death or serious injury.
¢  WARNING - Indicates a hazardous situation, which if not avoided, could result in death or serious

injury.
e CAUTION - Indicates a
injury.

hazardous situation, which if not avoided, could result in minor or moderate

e 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.

Lockout/Tagout
LOTO

Ensure that personnel are fully trained on LOTO procedures prior
to attempting to replace or service equipment on a “live” running
engine. All safety protective systems (overspeed, over temperature,
overpressure, etc.) must be in proper operational condition prior to
the start or operation of a running engine. Personnel should be
equipped with appropriate personal protective equipment to
minimize the potential for injury due to release of hot hydraulic
fluids, exposure to hot surfaces and/or moving parts, or any
moving parts that may be activated and are located in the area of
control of the unit.

Overspeed /
Overtemperature /
Overpressure

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,
loss of life, or property damage.

The overspeed shutdown device must be totally independent of the
prime mover control system. An overtemperature or overpressure
shutdown device may also be needed for safety, as appropriate.

Personal Protective
Equipment

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 at hand. Equipment that should be considered includes but is
not limited to:

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.
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Start-up

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
property damage.

Automotive
Applications

On- and off-highway Mobile Applications: Unless Woodward's
control functions as the supervisory control, customer should install
a system totally independent of the prime mover control system that
monitors for supervisory control of engine (and takes appropriate
action if supervisory control is lost) to protect against loss of engine
control with possible personal injury, loss of life, or property
damage.

NOTICE

Battery Charging
Device

To prevent damage to a control system that uses an alternator or
battery-charging device, make sure the charging device is turned off
before disconnecting the battery from the system.

Woodward
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Regulatory Compliance

The LESP is partially completed Motohawk blocks meant to assist end users in designing their
applications. As such, the LESP is a partially complete subsystem of individual parts. The device/system
it is used in is only complete when the Motohawk application is integrated with reciprocating engines on
or in completed “Engine Packages”, “Engine Skids”, “Construction, Earth Moving, Agricultural, Forestry, &
Offroad Vehicles & Equipment”, “Semi-Mobile Industrial” (small installations that are fixed during
operation), and stationary industrial “Fixed Installations”.

The LESP is a system of individually qualified devices; most do not have a function unless integrated into
the fully operating package or vehicle.

Regulatory Compliance for each country that the finished device will ship into or be retrofit is the
responsibility of the OEM or Aftermarket Retrofit Contractor. This includes the three essential items
of marking the finished product, creating regulatory documentation, and any evaluation of the finished
device/product.

The LESP has no regulatory marking requirements since it is a part of the system and performs no
function on its own. The OEM or Aftermarket Retrofit Contractor are responsible for any marking
required by the governing body for the location or locations of operation.

For the various parts mentioned in the following manual, please refer to the appropriate hardware
manuals for regulatory compliance.

Manual # Description
03425 LECM Product Spec
26757 Large Engine Control Module
35014 LECM Platform EID MixedMode Driver
35079 LECM Aux RTCDC
35079 RT-CDC
35100 LECM Platform EID Ignition Driver
35112 LECM Aux Thermocouple
35138 LECM Aux Platform Knock
35175 LECM Platform EID Injection Driver
35188 LECM Aux Protection 10
35200 MotoHawk Developer Guide
35203V1 LESP Packages Developer Manual
35203V2 LESP Software Features Developer Manual
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Chapter 1.

General Information
]

Introduction

The LESP Model Reference software features pre-compiled Simulink blocks with specific functionality,
which can be used in creating an application. The blocks contain logical functions that have been tested
and verified on various engines to help in speeding up development work for custom applications. The
model reference blocks can be found in the Simulink library browser once the license has been
purchased and the software successfully installed.

B8 Simulink Library Browser = O x
<@ + @
LESP Model Reference

signal Routing ~

Sinks

Sources

String

User-Defined Functions Control Functions

Additional Math & Discrete

Quick Insert
Embedded Coder
Fixed-Point Designer

Fixed-Point Designer HDL Support
HOL Coder
LESP
V¥ LESP Maodel Reference
Control

Sensors

Functions
Sensors
MotoHawk
MotoHawk Annotations W

Figure 1-1. LESP Model Reference Blocks
The model reference blocks are divided into three different categories: Control, Functions, and Sensors.

Each of these blocks are pre-compiled for a particular version of Matlab, MotoHawk, MotoHawk Target,
and Compiler that is also used in the application. Matlab, MotoHawk, ECU Target, and the compilers
should match to ensure correct functioning inside the application.

The model reference blocks can be recognized by the green bottom colors. The blocks are sealed,
preventing you from looking deeper inside the block to verify how the logic has been built. To understand
the exact functionality of using the blocks, a detailed description will be provided in the following chapters
of this manual. The blocks also contain several MotoHawk probes and MotoHawk calibration blocks
available from the .sid file, which can be made visible using ToolKit or any other 3 party interface tool
(.a2l file based). An example model that uses the model reference blocks is available, including an
example HMI tool (Toolkit-based).
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Licensing

LESP model reference blocks are node-locked licensed on a PC. The blocks can be integrated into
models and allow for model updates to occur on a PC with or without a license; however, to compile the
application with the blocks, a licensed PC must be used. LESP model reference blocks are distributed in
archives (*.zip) in conjunction with the licensing. The licensing and model reference blocks can be
extracted to the local project directory and added to the Matlab path, similar to other project
dependencies. Below is an example of LESP feature archives and corresponding licensing highlighted in
yellow.

lesp_balancing_dev_1_1_1.zip
lesp_crs_rail_pressure_dev_1_1_1zip
lesp_engine_air_dev_1_1_T1.zip
lesp_engine_start_dev_1_1_1.zip
lesp_engine_state_dev_1_1_1.zip
lesp_knock_dev_1_1_1.zip

,'L lesp_license_dev_1_1_1.zip
lesp_sensing_dev_1_1_1.zip
lesp_speed_contrel_dev_1_1_1zip

lesp_uego_dev_1_1_1zip

AL RLN LN ELN BLN RLD RLE L) LY ELY RL)

lesp_wlo_frnv_valve_dev_1_1_T.zip
Figure 1-2. LESP Model Reference Distribution & License Archives

Feature Versioning

All LESP model reference blocks are versioned using a <BuildType>_<Major>_<Minor>_<Build>
versioning scheme.

e Build Type
o Dev = Development build, generally used for debugging or prototypes.
o Rel =Release. Used in production and distribution.

e Major

o Major version based on the LESP platform major version number.
e Minor

o Minor version based on the LESP platform minor version number.
e Build

o Unique platform build (revision) number.

A version change may not equate to a functional change in the block
IMPORTANT but could be related to other non-functional changes based on the
LESP platform updates, including Matlab, MotoHawk, and Woodward

ASB version updates. See release notes for LESP features for
functional changes and issue resolutions.

PC License (or License Update)

After extracting the license archive file (lesp_license_*.zip) to the local project directory on the respective
PC node, the licensing wizard can be activated by ensuring the LESP license folder is on the Matlab path
and executing the following command in Matlab:
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Current Folder
Mame =
|:| Encryption.dll

‘;;I lesp_mdlref_check_licensel.p

‘j lesp_mdIref_g
‘;;I lesp_mdlref_g

‘j lesp_mdlref_license_manager.p

ﬂ lesp_mdlref_mex_check_licensel.mexwtd
|] LESPLicenselnterop1.dll

[#=] LESPLicenseManager.exe

|:| LicenseAuthorization.dll

[N Command Window

ﬁ{ »> lesp mdlref license manager

et_license_dirp
et_license_file.p

Figure 1-3. Launch LESP License Manager

This will launch the LESP license manager dialog. The dialog enables two different types of license
requests based on the purchase. An annual license will last for 366 days from the date the license key is
retrieved. A perpetual license does not expire. The two licenses are not compatible, and a new request
will override any current active license. If purchasing an annual license, use the Request Annual License

button; otherw

ise, use the Request Perpetual License button.

LESP License Manager n

This tool is used to validate an LESP userblock license. K the license cannot be found oris
invalid, licensed LESP blocks will report license emors during @ model build. To retreive the
stecode forthis PC node, follow the instructions to retrieve a stecode and write a license file.

Request Annual License | Request Pemetual License Cancel

Figure 1-4. LESP License Manager

After clicking the license request button, a second dialog will open. Select the drive letter for which to

associate the |

icense and click OK.

Device Selection

Select a device

of
\1
Select the device that you wish to bind the license to. . =
[

Device  Description

E 0SDisk (C:)

Cancel

Figure 1-5. LESP License Manager (Select HDD)

Woodward
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A final dialog will appear with a local PC device site code. Using the site code and the serial number
received after the purchase, retrieve the license key from your Woodward account. Paste the license key
in the License Key field of the form and hit OK. The PC should now be licensed.

License Authorization

Authornize a license

Enter the license key /?-,\P

IUse this dialog to enable additional functionality of this program.

Step 1: Contact your sales representative to purchase the desired options or

levels. You will be given one or more proof of purchase identifiers (i.e. senial
number).

Step 2: Enter the site code below along with your proof of purchase identifier on
the License Autharization page of the Woodward web site.

Site Code:
DEXEK 6L7RL 051D MF5GG

Step 3: Enter the License Key from the Woodward web site below and press OK.

License Key:

Cancel

Figure 1-6. LESP License Manager (Site Code & License Key)

Verify License

The license can be validated with the lesp_mdlref_check_license1 command. A logical ‘1’ is returned if
the license is valid; otherwise, a logical ‘0’ is returned.

»> lesp mdlref check licensel

ans =

logical

Figure 1-7. Verify LESP License

To retrieve the number of days remaining for annual licenses, add three output arguments to the check
license function call as indicated below.
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»> [license walid, errcode, days_remaining] = lesp mdlref check licensel

license wvalid =

logical

1

errcode =

days remaining =

352

Figure 1-8. Verify LESP License (Days Remaining)
LESP licensing is validated during a model compilation (build). If the
IMPORTA NT license is within 30 days of expiring, warnings will be posted.

Block Dependencies

At the time of release, all LESP feature blocks are compiled with a specific version of Matlab, MotoHawk,
MotoHawk Target, and Compiler. These versions must match when the blocks are integrated in other
applications. Matlab and MotoHawk versions are fixed and documented in the block mask. In addition, the
blocks will report an error during a model update if the Matlab or MotoHawk versions do not match. Most
blocks are distributed with multiple variants of MotoHawk targets and compilers; however, these must

match the current model for which the blocks are located; otherwise, an error will occur during
compilation.

Block Parameters: Engine State Y
LESP Engine State (mask) (link)

This block is a protected model reference with the following fixed
parameters:

Instrumentation Group = "Inputs | Virtual | Engine State”

Matlab Version: 2021b
MotoHawk Version: 2021b_sp2.2907

Parameters
Target
LECM-5566-210-065-141x =
Compiler
goc-powerpc-eabispe 4.6.0 -

Engine State

Sample Time [sec]
0.005

Cancel Help Apply

Figure 1-9. Block Dependencies
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The LESP Packages Documentation

The LESP packages do contain several model references, as mentioned earlier. Each of the blocks will
be described in greater detail in the next chapters of this manual.

Important Notes

When using the model reference blocks inside a new application, the guides for the framework as
described in manual 35203V1 must be followed. Any LESP framework dependency variables will
automatically be loaded to the base workspace during a model update.

The model reference blocks are set to the C99 (ISO) settings for the ‘C’ language standard, so be sure to
have the application also setup in such way, otherwise an error will be generated during the building
process.

& Configuration Parameters: CRS_RAIL_Pressure/MotoHawk_ConfigurationSet_v3 (Active) - m] *
Solver Target selaction

Data Import/Export
Math and Data Types
» Diagnostics Language C hd
Hardware Implementation Language standard: |C89 (IS0) -
Model Referencing
Simulation Targst
¥ Code Generation

W
3

System target file motohawk_ert_riwtlc

@®

Description MotoHawk(tm) Rapid Prototyping

Build process

Optimization

Report Generate code only

Comments y .

\dentifiers Package code and artifacts Zip file name:
Custom Code Makefile configuration

Interface - . o

Code Style enerate makefile

Verification Template makefile: motohawk_ert_riw tmf

Templates Make command: |make_rtw_motohawk

Code Placement

Data Type Replacement
MotoHawk Target Definition | C0de generation objectives
MotoHawk Tool Chain De...

Prioritized objectives: Unspecified Set Objectives..
Check maodel before generating code: |Off + | | Check Model
OK Cancel Help

Figure 1-10. ‘C’ Language Standard Setting (Simulink)

In addition, it is important to set the sample_time for the Model Reference blocks to the correct trigger
times where they will be triggered in the application model itself.

> [Pa| Speed Control
v [Pa] Control (Medium)
» [P&] Acoustic Knock Control LESP Engine Start Control (mask] (link)
> [Pa] Aux Control
[P2| Detect Change

Block Parameters: Engine Start Controll X

This block is a protected model reference with the following fixed

parameters:
» [B&] EID Contral
> [Pa] Encoder Instrumentation Group = "Control | Engine Start"
> [Pa] Module Discrete Control
> [Ba] Throttle Contrl Matlab Version: 2021b
> [Pl uEco MotoHawk Version: 2021b_sp2.2907
> [Pa] Valve Control Parameters
| Conlr?l (Slow) Target
> [P Diesel Fuel P p
> [Pa| Engine Is shutting &w'«%uﬁcation Lamp LECM-5566-210-065-141x i
» Engine Start * Compller
> [Pa] Fault Action Indication 1 ]
> [Pl Fault Action Indication 2 & s gec-powerpe-eabispe 4.6.0 hd
> [B&] Fault Action \r{dlcallun 3 ‘ Sample Time [sac]
> [P Full Gas Substitution Mode Indication
> [Pa| Gas Requested Notification ‘0-050
> [B&] Hour Meters
> [P LED
> [Pa] Load Too High For Transfer To Diesel Indical
> [Pa] Near Fuel Limit Active Notification Cancel Help Apply
> [Pal Power Reduction Reauest Indication

Figure 1-11. Note ‘Sample Time Settings’ to Match Trigger Rate of Block
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Chapter 2.

Control - CRS Rail Pressure Control
|

Introduction

The ‘Control - LESP CRS Rail Pressure Control’ blockset is used to perform rail pressure control and
diagnostics monitoring. Inside the blockset, three blocks are available as can be seen below:

25 Simulink Library Browser — O X

LESP Model Reference/Control/CRS Rail Pressure

Enter search term il 'E{ M ﬁﬁ = - @ = @

v v v

> Additional Math & Discrete -
» Quick Insert
Embedded Coder
Fixed-Point Designer
Fixed-Point Designer HDL Support
HDL Coder
LESP
LESP Model Reference
v Control
Air Management
Balancing
CRS Rail Pressure
Knock
Speed Control
WLO Fuel Metering Valve
¥ Functions

Engine Start
Engine State
v Sensors CRS Rail Pressure Control CRS Rail Pressure Diagnostic Monitors
¥ Input Processing
Dual Fuel
UEGO
MotoHawk
MaotoHawk Annotations
MotoHawk Flexible Encoder
MotoHawk FPGA
MotoHawk OBD Fault Manager
MotoHawk VDO Gauge
Simulink 30 Animation
simulink Coder
Simulink Extras
Stateflow
Woodward Custom Modbus Master/Slave
‘WoodwardASB (Gen2) Primitives
WoodwardASB Data Structures
WoodwardASE Protocols
WoodwardASB Shared Memory Region
Recently Used v

CRS Rail Pressure Input Processing

Figure 2-1. LESP Model Reference CRS Rail Pressure Blocks

CRS Rail Pressure Control

This block provides the Rail Pressure Control logic, based on the measured rail pressure, fuel per
cylinder, and actual speed. The output of the block gives the command signal, which can be used
to drive a fuel metering valve (FMV) on a high pressure fuel pump.

CRS Rail Pressure Input Processing
This block provides the logic to process the Rail Pressure sensor info. It defines the inputs,

including voltage compensation, and performs the logic to combine the two sensors into a signal
value which can be used in the application. The logic to be used can be selected from this block
and the outputs can be used to feed the other inputs of the blocks in this blockset.

CRS Rail Pressure Diagnostic Monitors
This block provides the Diagnostic monitors for the Rail Pressure Control block. Based on several

input signals, the block generates additional CRS Rail Pressure based diagnostics output signals,
like Rail Pressure Sensor Deviation, zero Rail Pressure detection and more, which can be very
useful for the application to know. The outputs will be set as FaultBus outputs, containing as
many details as needed in the application that is created.
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CRS Rail Pressure Control Block Interface

Figure 2-2. ‘CRS Rail Pressure Control’ Block

Table 2-1. ‘CRS Rail Pressure Control’ Block

Port

DataType

Description

[In] Total Fuel Per Cylinder [mg/cyl]

single

The total fuel per cylinder that is
commanded from the speed control logic
to maintain stable speed control.

[In] Use external Setpoint

boolean

If an external source for Rail Pressure
setpoint is required, this parameter will
force it to be used. When set to TRUE,
the ‘External Setpoint’ value will be used
as reference. When set to FALSE, the
internal Rail Pressure setpoint will be
used.

[In] External Setpoint [bar]

single

The external Rail Pressure setpoint
value that will be used in case the
Boolean input ‘Use External Setpoint’ is
set to TRUE.

[In] Engine State [enum]

uint8

The actual engine state the engine is
operating in at that particular moment.
These states (lesp_engine_state_enum)
are defined as below:

0 — Stopped

1 — Prestart

2 — Starting

3 — Warmup

4 — Running

5 — Cooldown

6 — Stopping

7 — Postrun

[In] Average Speed

single

The average engine speed as sensed in
the application.
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[In] Rail Pressure [bar]

AnalogSensorBus

Actual Rail Pressure as sensed.
Bus Details: AnalogSensorBus:
- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Manifold Air Temp [degC]

AnalogSensorBus

Actual Manifold Air Temperature (MAT).
Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Engine Coolant Temp [degC]

AnalogSensorBus

Actual Engine Coolant Temperature
(ECT).

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Lube Qil Filter Outlet Pressure
[kPa]

AnalogSensorBus

Actual Lube Oil Filter Outlet Pressure
Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[Out] Setpoint [bar]

single

Actual active Rail Pressure Setpoint in
[bar].

Woodward
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[Out] Command [cc/s] single The command output in cc/seconds
which can be used to control the fuel
metering valve (FMV) on the high
pressure CRS pump.

CRS Rail Pressure Diagnostic Monitors Block Interface

&

CRS Rail Pressure Diagnostic Monitors

Figure 2-3. ‘CRS Rail Pressure Diagnostic Monitors’ Block

Table 2-2. ‘CRS Rail Pressure Diagnostic Monitors’ Block

Port DataType Description

[In] Rail Pressure Sensor 1 [bar] AnalogSensorBus | The Rail Pressure as sensed by Rail
Pressure Sensor #1.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 - Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed

5 — ReferenceSourceFailed

6 — OpenCircuit

[In] Rail Pressure Sensor 2 [bar] AnalogSensorBus | The Rail Pressure as sensed by Rail
Pressure Sensor #2.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 - Valid
1 — Disabled
2 — SignalLow
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3 — SignalHigh

4 — SensorSupplyFailed

5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Rail Pressure

AnalogSensorBus

The Rail Pressure as used for control
purposes, which can be HSS, LSS, or
average (depending on selection in the
application.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Ambient Air Pressure [kPa]

AnalogSensorBus

The Actual Ambient Air Pressure.
Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Rail Pressure Setpoint [bar]

single

The actual Rail Pressure setpoint as
defined in the application

[In] Engine State [enum]

uint8

The actual engine state the engine is
operating in at that particular moment.
These states (lesp_engine_state_enum)
are defined as below:

0 — Stopped

1 — Prestart

2 — Starting

3 — Warmup

4 — Running

5 — Cooldown

6 — Stopping

7 — Postrun

[Out] Zero Rail Pressure

FaultBus

Indication if zero Rail Pressure has been
sensed at a moment where rail pressure
is expected.

[Out] Rail Pressure Control

FaultBus

Indication of faults during Rail Pressure
Control.

[Out] Rail Pressure Sensor Deviation

FaultBus

Indication of faults when Rail Pressure
Sensors are deviating from each other
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CRS Rail Pressure Input Processing

Figure 2-4. ‘CRS Rail Pressure Input Processing’ Block

Table 2-3. ‘CRS Rail Pressure Input Processing’ Block

Port

DataType

Description

[In] AIN7

AnalogSensorBus

Analog Input Channel definition where
the high frequency sampling is used to
sample/measure the rail pressure as
sensed by Rail Pressure Sensor #1.
Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled

2 — SignalLow

3 — SignalHigh

4 — SensorSupplyFailed

5 — ReferenceSourceFailed

6 — OpenCircuit

[In] AIN8

AnalogSensorBus

Analog Input Channel definition where
the high frequency sampling is used to
sample/measure the Rail Pressure as
sensed by Rail Pressure Sensor #2.
Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
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2 — SignalLow

3 — SignalHigh

4 — SensorSupplyFailed

5 — ReferenceSourceFailed
6 — OpenCircuit

[In] 5V Transducer

Transducer5VoltBus

The actual voltage of the 5V
transducer, used for ratiometric
compensation of the input signals.

[In] Power Delay

boolean

The delay in power up of the 5V
transducer voltage after reboot of the
ECU. This is required to prevent false
fault detection.

[In] Reset

boolean

Reset input to reset the analog input

faults, in case they are in failure mode.

[Out] RailPress1

AnalogSensorBus

The actual RailPressure #1 signal as
measured and processed by the logic.
Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[Out] RailPress2

AnalogSensorBus

The actual RailPressure #2 signal as
measured and processed by the logic.
Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[Out] RailPress

AnalogSensorBus

The actual RailPressure signal that is
the result of the combination of the 2
RailPressure sensors and selected
logic inside this blockset.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
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5 — ReferenceSourceFailed
6 — OpenCircuit

Example Model Using the Blocks

Below is a very simple setup using MotoHawk Calibration and MotoHawk Probes blocks to make the
model suitable for building.

[Palcrs_RaIL pressure ¥ ] Triggered subsystem ¥

Figure 2-5. Simple Example Model Using the CRS RailPressure Control Blocks

When compiling, it will generate the required files. If the Toolkit required blocks are also added to the
application model, it will generate the required SID files for the Toolkit HMI tool creation.

Default ToolKit Pages

Opening a new Toolkit application and selecting the correctly generated .sid file will look like the
screenshot below:
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ﬁ Design Tools = () X

Tool Explorer | Components

Device:
Devicel (CRS_RAIL_Pressure_000) -

B 5

- Control
- Rail Pressure
b Feedback b
> FeedForward
4 HII
127 RailPressureFeedbackContribution [*]
127 RailPressureFeedForwardContribution [+]
27RailPressureFlowCommand [+
» | Setpoint
> Verification Support
v CRS Test
CRS RAIL Pressure

4

F Diagnostics
- Pressure
- FuelRailPress
B Control
B Deviation
b Zero

A= Label

(5] Navigation Button
[2a] Static Image

(=) Offline Editor Button

(=) Run Butten

|2 %-¥ Chart

|| Buffered Editing Panel
(7] Help Button

Figure 2-6. SID File ltems Included in the Model Reference Blocks

As shown, two major parts can be recognized as coming from the Model Reference blocks:

1)
2)

Control
Diagnostics

Each of the items have sub-systems containing more details.
Default pages are created in an example Toolkit, which can be used as a starting point for the application
specific Toolkit HMI tool.

o Sy -
AN | N || RN
EP M EAON e N
—' an —SW SDD —SW SDn

1500

Figure 2-7. Overview Page Rail Pressure Control
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P LESP RailPressure_CTRL & Diagnostics wtool - Woodward ToolKit

View  Settings  Tools Control (Feedforward - Feedback)

DeRBHBE AR & [

New Open  Close  Save  Save Design  Connect Disconnect  Lozd Communication
= e Mode Application  Statitics
Tool Device
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‘Adapt Add Ttle Here
None
Select View
Setpoint B
Bk Next
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ser USBcan Profession:

P LESP RailPressure_CTRL & Diagnostics wtool - Woodward ToolKit

Ve Gxites  Tesb Control (Feedforward - Feedback)
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New  Open  Close  Save  Save Design Connect  Disconnect Load Communication ¢
& A Mode Application  Statstics Values
Tool Device
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Adapt Add Title Here
None
Select View
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ser USBcan Profession:

Figure 2-9. FeedForward Page Rail Pressure Control
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P LESP RailPressure_CTRL & Diagnostics wtool - Woodward ToolKit

View  Settings

a O B s
[ HE A 2 2 3 [
New Open  Close  Save  Save Design  Connect Disconnect  Lozd
z T = .
o

Control (Feedforward - Feedback)

Communication
Statistics

Tool

nfigure Rail P
Adapt Add Title Here

None

FeedForward Adaption Enable

nable FeedForward Adaption

Conditions

Minimum Fueling Command 5| mg/cyl  Enable adaption i fueling command i at or greater than threshold.

Minimum Rail Pressure 100] bar Enable adaption i railpressure signal is valid and st or greater than threshold.
Winimum |-Term Threshold 1)cc/s Enable adaption i the PID LTerm is within +- threshold

A Speed Threshold 100 RPM  Disable adaption for 1 second if a speed transient of magnitude threshold i abserved.
A Setpoint Threshold 100] bar Disable adaption for 1 second ifa stpoint transient of magnitude threshold is observed.

tion Table Select

R St DT (0 s e e B e
Threshold 50] RP

Nominal Table Adaption Factor Speed Compensation Table Adaption Factor
Apply a gain factor to th input 1-Term for which to adjust the Nominal

n Apply a gain factor to the input 1-Term fraction for which to adjust the Speed
Term 0 Adapt Quantity ) FeedForward table. The table should be shaped ike a V with the -Term of 0 Fraction AdaptQuantity ) Compensation table. The table should be linearly increasing (i larger
being the center point. Larger gain factors can be applied to the fu fraction cquates to faster” campensation).
=ZIIT 0001125  points of the table to adapt faster,” while smaller gain factors can be applied 0.000 -0.000045
112500 0.000844  near the center of the table (around 0 -Term, in order to adapt slower. 0250 0000034
7500 0000563 0500 0000023
3750 0000281 0750 0000011
0000 0000000 1,000 0000000
37500 0000281 1250 0000011
75000 0000563 1500 0000023
112500 0000844 1750 0000034
150000 0001125 2000 0000045

Connected on Kvz

ser USBcan Profession:

P LESP RailPressure_CTRL & Diagnostics wtool - Woodward ToolKit
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Connected on Kvz

ser USBcan Profession:

Figure 2-11. FeedBack Controller Page Rail Pressure Control
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xtool - Woodward ToolKit
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gain as a fundtion of engine speed

gain as a function of the error

the

Figure 2-12. FeedBack Controller Dynamics Page Rail Pressure Control

There is also a default page for the diagnostics as shown below. Enabling, thresholds, and time delays

can be set from this page. The LEDs are an example of the outputs.

W, LESP RailPressure CTRL & Diagnostics wtool - Woodward Toolit

View Tools

D~ “9HE A

Settings

[

Diagnostics

Cuc ]
New Open Close  Save  Save Design  Comnect  Disconnect d _ Communication o
S s Made Application Statistics Values
Tool Device
Fuel Rail Pressure -Control Diagnosties Rail Pressure Control
EnableRailPressureControlMonitor @ RaiPressureControl AssettionStatus
RailPressureControlMonitorEnableThreshold 60| bar @ RailPressureControl_ConditionalStatus
RailPressureControlMonitorMaximumDeviation 10] % @ RailPressureControl InhibitStatus
RailPressureControlMonitorPersistenceTime 1s
Fuel Rail Pressure - Deviation Diagnostics Rail &
EnableRailPressureSensorDeviationMonitor @ RailPressureSensorDeviation AssertionStatus
RailPressureSensorDeviationMonitorMaxDelta 50 bar @ RailPressureSensorDeviation Conditionalstatus
RailPressureSensorDeviationMonitorPersistenceTime 1s @ RailPressureSensorDeviation InhibitStatus

Fuel Rail Pressure - Zero Rail Pressure Diagnostics

EnableZeroRailPressureMonitor

Zero Rail Pressure

@ ZeroRaiPressure Assertonstatus
@ ZeroRaiPressure Conditionslstatus

@ ZeroRsiPressure Intibitstatus

Figure 2-13. Example of the Toolkit Pages for Rail Pressure Diagnostics
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Functional Description - CRS Rail Pressure Control Logic

The following describes Large Engine Control Module Common Rail System (LECM CRS) platform

software rail pressure sensing and control strategies.

Injectors

CTTTT

3]

ECM

Rail Pressure Sensing & Control Software

Input Processing Control

Output Processing

Diagnostics

Figure 2-14. Rail Pressure Sensing & Control Overview

Rail Pressure Sensing

Introduction

HPCR
Pump

The standard LECM CRS software implements redundant fast sampling of rail pressure sensing. Each

sensor samples the hardware input at 2 kHz and implements a configurable N order low-pass

Butterworth filter. Sensor arbitration is used to select the downstream signal used for rail pressure control.
In order to support fast sampling, the rail pressure sensors support fixed analog inputs as outlined in the

table below.

Table 2-4. Rail Pressure Sensor IO Mappings

Rail Pressure Sensor | 10 Mapping

Sensor #1 Not Used = Sensor is not available

AINO7 = Sensor utilizes AINO7 which can be configured for 0 — 5V or 4 — 20

mA sensor type.

Sensor #2 Not Used = Sensor is not available

AINO08 = Sensor utilizes AINO8 which can be configured for 0 — 5V or 4 — 20

mA sensor type.

Example:

Rail pressure signals are sampled at a rate greater than or equal to
IMPORTANT 1.8 kHz to have the latest sample of rail pressure prior to an injection

event and filter noise from rail pressure dynamics.

1800 RPM, 20 cylinder engine with a single shot equates to 300 firing
events per second. Minimum Nyquist 2x sample rate equates to 300 x
2 =600 Hz; however, a > 6x factor is used instead.
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Sensor #1
Fast sampl Signal Conversion R e _— | fitered—p
ast Sampling > (ADC > Engr Units) itening Htere
Defautting
> Signal Diagnostics |—signal Status—pf |—signal Status»
Sensor Arbitration |——Rail Pressure—#-
Sensor #N
Fast Samplin > Signal Conversion Filteriny Fitered |—riltered—¥
ast Sampling > (ADC > Engr Units > e re
Defaulting g
> Signal Diagnostics |—signal Status—p| |—signal Status»

Figure 2-15. Rail Pressure Sensing Strategy

Conversion

The conversion logic implements a linear mx+b conversion and uses standard units of bar. The gain and
offset values are tunable and HW units are based on the 10 input value.

] x 10 Value [HW Units]) + Of fset [bar]

p b ]—(G' [ bar
ressure [bar] = | Gain |-

The conversion logic also supports an option to enable ratiometric scaling by means of the 5V transducer
that powers the sensor. When this feature is enabled, the Gain is adjusted by the power supply reference
correction factor. The ratiometric correction factor is limited to a range between 0.95 and 1.05.

bar
Pressure [bar] = ((Gam x Correctiongariometric)X [m] x 10 Value [HW Unlts]> + Of fset [bar]

Fuel Rail Pressure #1

oo Seec

I Uses 5V Transducer [¥ Enable 5V XDCF Compensation
Default ) ) .
Strategy | Use Last Valid Value (MonLatching) | Initial Default Value

0| bar

AINDT Mode | (Mode 1) 0 - By hd
Scaling

Figure 2-16. Rail Pressure Sensor Configuration
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Filtering

The software implements a configurable N order Butterworth Low-Pass filter with global settings applied
to all enabled rail pressure sensors. They can optionally be disabled (test purposes), the cutoff frequency
adjusted, and the filter order adjusted between 1 and 3.

Shared Configurations

Primary Sensor | FuelRailPress1 V|

v Use Sensor Average When Both Are Valid

[¥ Enable Filtering

Filter Order [1 - 3]

—_
=] —_

Filter Cutoff Freguency

Figure 2-17. Rail Pressure Filter Configurations

It is highly recommended to utilize the default filtering options of
IMPORTANT filter order = 1 and cutoff frequency = 10 Hz; however, adjustments

may be required for different systems.

Signal Diagnostics
The signal diagnostics determine the validity of the input signal and support the following statuses:

e Disabled

o Adisabled status is reported when the sensor is not mapped to 10.
SignalLow

o A signal low status is reported when the input IO value is below a user-defined value.
SignalHigh

o A signal high status is reported when the input IO value is above a user-defined value.
SensorSupplyFailed

o A sensor supply failed status is reported when the pressure sensor is supplied by a

transducer supply and the transducer supply status is not valid.

Valid
o Avalid status is reported otherwise.

Defaulting
The defaulting logic supports three modes of defaulting the downstream signal (engineering units):

e None
o The downstream signal will report the converted input signal regardless of the input (i.e.,
no defaulting).
¢ Use Constant (NonLatching)
o The downstream signal will use a use-defined constant value while the status is not valid.
The default override will be disabled once the status returns to valid.
e Use Last Valid Value (NonLatching)
o The downstream signal will use the last signal valid value while the status is not valid. The
default override will be disabled once the status returns to valid.
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e Use Last Valid Value (Latching)
o The downstream signal will use the last signal valid value while the status is not valid. The
default override will be disabled once the status returns to valid AND only after a Reset All
Active Faults event is requested.

Sensor Arbitration

The software supports a standard sensor arbiter that selects the rail pressure signal used in downstream
control logic of all enabled sensors based on the signal status illustrated in the figure below. The arbiter
also supports an option to override the downstream filtered signal value with an average of all valid
sSensors.

[1] Primary Status == Valid [2] Secondary Status == Valid
[1] Primary Status == Error |
Secondary Status == Valid
Use Primary Sensor Use Secondary Sensor
[1] Primary Status == Valid
—

Secondary Status == Error

[1] Primary Status == Valid [2] Secondary Status == Valid

(2] Primary Status == Error Use Default Value [2] Secondary Status == Error

[3] Otherwise

Figure 2-18. Sensor Arbitration Overview

Shared Configurations

Primary Sensor FuelRailPress1

[v¥ Use Sensor &verage When Both Are Valid

[ Enable Filtering

Filter Order [1 - 3]

Filter Cutoff Frequency Hz

Figure 2-19. Sensor Arbitration Configurations
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Functional Description - Rail Pressure Control

The following describes the adaptive table-based feedforward + PID feedback rail pressure control
strategy utilized in the LECM CRS software.

Feedforward Strategy —FF Contribution

—Input Signal » Rail Pressure Setpoint Strategy Rail Pressure Setpoint [bar]—

Fuel Pump
Actuation Command

—

Feedback Strategy —FB Contribution

Figure 2-20. Rail Pressure Control Strategy Overview

Setpoint Strategy

The software supports a nominal 17x17 2-D lookup table to command a base rail pressure setpoint as a
function of engine speed [RPM] and fuel per cylinder demand [mm?]. The base setpoint is compensated
by engine coolant temperature and manifold air temperature biases. A rate limit can also be applied to the
setpoint to avoid large step changes in order to provide for a more stable control. Independent minimum
and maximum setpoint tables as a function of engine speed are then applied to the final commanded rail
pressure setpoint.

[bar]

Speed [RPM]— [4] Max Setpoint Limit Table

Speed [RPM]———|

[1] Nominal Conversion Map

Rail Pressure Setpoint [bar]

Total Fuel Per Cyli
otal Fuel Per Cylinder
[mm3] »

// i / F—nRail Pressure Setpoint [bar]-$

[6] Rate Limiter

[2] Engine Coolant Temperature Setpoint Limits

Compensation Table

Engine Coolant Temp—»

-Offset [bar}:

[3] Manifold Air Temperature
Compensation Table

-Manifold Air Temp—»|

Offset [bar}:

Speed [RPM]— [5] Min Setpoint Limit Table —

Figure 2-21. Setpoint Strategy
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Nominal Setpoint FeedForward Setup —

Volume (mm3)

00 325 5250 9a75]  12500]  1se25]  1e7e0|  21e75] 28000 28125 31250] 24375 37500 40625 43750 46875 50000
00 00 00 00 00 0o 0o 00 [ 0.0 0.0 00 00 0o 00 00 [ 0.0
1313 00 00 00 00 00 00 0.0 0.0 00 00 00 00 00 00 0.0 0.0 00
2625 00 00 00 00 0o 0o 00 [ 00 0.0 00 00 0o 00 00 [ 00
3938 00 00 00 00 00 00 0.0 0.0 00 00 00 00 00 00 00 0.0 00
5250 [ 00 00 00 0o 0o 00 [ 00 0.0 00 00 0o 00 00 [ 00
656.3 00 00 00 00 00 00 0.0 0.0 00 00 00 00 00 00 00 0.0 00
_ 7875 00 00 00 00 0o 0o 00 00| 00 0.0 00 00 0o 00 00 00| 00
E 9188 00 00 00 00 00 00 00 0.0 00 00 00 00 00 00 00 0.0 00
= 10500 00 00 00 00 0o 0o 00 00| 00 0.0 00 00 0o 00 00 00| 00
g 11813 00 00 00 00 0o 0o 00 [ 00 0.0 00 00 0o 00 00 [ 00
“ 13125 00 00 00 00 00 00 00 00| 00 00 00 00 00 00 00 00| 00
14433 00 00 00 00 0o 0o 00 [ 00 0.0 00 00 0o 00 00 [ 00
1575.0 00 00 00 00 00 00 0.0 0.0 00 00 00 00 00 00 0.0 0.0 00
17062 00 00 00 00 0o 0o 00 [ 00 0.0 00 00 0o 00 00 [ 00
18375 00 00 00 00 00 00 0.0 0.0 00 00 00 00 00 00 00 0.0 00
19683 00 00 00 00 0o 0o 00 00| 00 0.0 00 00 0o 00 00 00| 00
21000 00 00 00 00 0o 0o 00 0.0 00 00 00 00 0o 0o 0o 0.0 00
Nominal Rail Pressure Setpoint (bar)
Selpoint Compensation Setpoint Limits
Engine Coolant Manifold Air Ad Setpoint Rate Limit baris
e (degC) G (bar) T (degl)  C (bar) on
00 00 “500 00 T M‘”"“‘fg‘ag"’“’“‘"' Spocd (RPM) nctior
32 00 E 00
o o o m 00 00 0.0
683 00 628 00 225 0o 225
1050 00 1050 00 ?2'?0 oo ?2530
T — 5 - D —
s oo 1778 oo 13125 00 13125
2132 00 2138 00 & _
2500 0.0 2500 (1) 0 o0 1550
18375 00 18375
21000 00 21000

Figure 2-22. Setpoint Configurations

Feedforward Strategy

The software feedforward strategy consists of two 2-D tables that utilize engine speed, actual rail
pressure, and fuel demand to command a fuel flow [cc/s]. The first table (a.k.a. Nominal) provides a base
fuel flow command as a function of rail pressure and fuel demand, and the second table (a.k.a. Speed
Compensation) provides a gain factor based on engine speed and fuel demand. Both tables can be
dynamically adapted by the control at runtime to automatically “learn” and adapt to the system and reduce
the feedback contribution.

Figure 2-23. Feedforward Strategy
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The speed compensation table can be thought of “gaining” or “sliding” the nominal table linearly up and

down along a path for a given volume.

Setpoint [bar|

Speed [FPM|

Total Fuel Per Cylin

Total Fuel Per Cdll

Total Fuel Per Cylid

e
®

Total Fuel Per Cylinder

=
I
-Qs

[ ]

Rail Pressure [bar]

Nominal

Nominal

Nominal

Nominal

Figure 2-24. Feedforward Speed Compensation

Volume (mm3)
5.00 125.00 250.00 375.00 | 500.00 | 625.00 750.00 875.00 1000.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
300.00 0.00 19.56 07 51.08 7191 85.34 107.38 117.42 12210
600.00 943 137 40.63 58.5% 7374 94.51 111.80 12242 127.10
500.00 11.46 11.46 43959 61.28 81.26 99.40 127.1 144.30 132,10
1200.00 567 2538 4378 57.29 93.30 97.72 138.55 149.30 137.10
1500.00 827 3113 4415 63.50 8399 103.51 136.80 131.42 136.10
1800.00 4n 35.26 4543 65.00 8969 111.51 147.22 14242 147.10
2100.00 0.00 4456 64.07 a1.08 101.91 119.35 137.38 147.42 152.10
2400.00 0.00 43.56 69.07 86.08 106.91 12435 142.38 152.42 157.10

MNominal FeedForward (cc/s)

Volume (mm3)
5.00 125.00 250.00 375.00 | 500.00 | 625.00 750.00 875.00 1000.00
0.00 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
225.00 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38
450.00 042 0.76 042 042 042 043 043 042 042
£75.00 0.80 128 0.79 0.79 0.79 0.80 077 0.80 0.80
500.00 0.91 139 0.91 0.91 0.89 0.91 0.28 0.91 0.91
1125.00 114 138 135 116 1.09 115 1.10 118 114
1350.00 127 166 163 13 128 129 124 133 127
1575.00 148 2.00 138 160 151 163 148 148 148
1800.00 154 154 154 154 154 154 154 154 154

Speed Compensation (cc/s)

Figure 2-25. Feedforward Table Configurations

+— Setpoint |

FeedForward Adapt — |
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When feedforward adaption/learning is enabled, the control will only adapt the nominal table when speed
is within a small window around normal operating speed; otherwise, the speed compensation table will be
adapted.

Outside Rate Speed Window Rated Speed Window Outside Rate Speed Window
RPM RPM RPM
< Speed Compensation > < Nominal > < Speed Compensation -
Adaptation Region Adaptation Adaptation Region
Region

Figure 2-26. Feedforward Adaption Regions

The nominal feed forward table’s adaption is controlled by the I-Term (integrator contribution) of the
feedback PID controller multiplied by a gain. The direction of the adaption is the same as the I-Term,
which drives it to a value of zero, and the rate of change is controlled by a V-shaped table that is indexed
by the I-Term. The V-shaped table causes faster adaption the further the I-Term is away from zero and
slower adaptation the closer the I-Term is to zero.

I-Term Multiplier

Nominal
Feed Forward
Adapt Quantity

> X ——»
Fuel

Demand

Figure 2-27. Feedforward Nominal Adaption

MNominal Table Adaption Factor

Apply a gain factor to the input |-Term for which to adjust the Nominal

om0 A Gty 0 e er peint. Covger oain factors can be apalied to he furihest poins
-150.000 0.001 of the table to adapt "faster,” while smaller gain factors can be applied near the
-112.500 0.001 center of the table (around 0 I-Term), in order to adapt slower.
-75.000 0.001
-37.500 0.000
0.000 0.000
37.500 0.000
75.000 0.001
12500 0.001
150.000 0.001

Figure 2-28. Feedforward Nominal Adaption Configuration

The active position in the nominal feedforward table will be biased by the adaption quantity as illustrated
in the figure below. For example, if the I-Term is zero, then no adjustment of the cell value is required;
however, if the I-Term is -10 cc/s, the feedback controller is attempting to remove 10 cc/s flow command
from the total, so the adaption quantity will be negative, and the feed forward table’s cell value will
decrease respectively (causing the I-Term to approach zero). Visually, this is equivalent to taking the
point on the table and pulling it down vertically (reduce the feed forward table value so the I-Term
approaches zero).
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Note, the I-Term gain table’s values illustrated in Figure 2-23 are generally small causing adaption to
occur over long periods of time; however, during initial calibration, the gain values can be increased to

obtain an initial coarse feed forward table and then reduced again to allow finer-grained changes to occur
slowly over time.

Fuel Per Cylinder

Rail Pressure [bar]
—> ||

Figure 2-29. Nominal Feedforward Adaption Quantity

The following conditions must all be valid for the system to dynamically adapt the nominal feedforward
table:

Adaption must be enabled.

Magnitude of feedback I-Term must be above a threshold.

Rail pressure must be above a threshold.

Fuel demand must be above a threshold.

Once nominal adaption window is entered, it must remain within the window for a period of time.
Rail pressure setpoint must be stable (within a +- window) for a period of time.

o0k wWN~

FeedForward Adaption Enable + FeedForward Setup |

[v Enable FeedForward Adaption

Feedback — |
Conditions
Minimum Fueling Command mm3/cyl Enable adaption if fueling command is at or grester than threshold.
Minimum Rail Pressure bar Enable adaption if rail pressure signal is valid and at or grester than threshald.
Minimum |-Term Threshold ccls Enable adaption if the PID I-Term is within + thresheold.
A Speed Threshold RFM Disable adaption for 1 second if a speed transient of magnitude threshold is observed.
4 Setpeint Thresheld bar ption for 1 second if & setpoint transient of magnitude threshold is observed.

Compensation Table Select

Nominal Speed 1500 RPM  Acepithe

Threshold

o]

inal Rail Pressure s&f t table if speed is within Nominal Speed + Threshold:
, adapt the Speed Compensation table

n
=]

RPM

Figure 2-30. Feedforward Adaption Enable Condition Configurations

The second feed forward table is the 2-D “speed compensation” gain table, which applies a multiplier to
the nominal feed forward gain table. Recall from above that for a given volume, this is logically moving the
nominal feed forward table up and down along a path to compensate for engine speed (or pump speed).
The input to the speed compensation table implements the following:
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I-Term
N -
+ X
» Ratio Multiplier
Nominal Speed Compensation
Feed Forward Adapt Quantity
>/ > x >
[ [ TA7 T T T[15]
Figure 2-31. Speed Compensation Adaption o
Speed Compensation Table Adaption Factor
Apply a gain factor to the input [-Term fraction for which to adjust the Speed
Fraction () Adapt Quantity () Comp on table. The table should be linearly increasing (i.e. larger fraction
equates to “faster” compensation).

0.000 0.000
0.250 0.000
0.500 0.000
0.750 0.000
1.000 0.000
1.250 0.000
1.500 0.000
1.750 0.000
2.000 0.000

Figure 2-32. Speed Compensation Adaption Configuration

This equation causes the speed compensation table gain to reduce when the I-Term is negative
(reduction in flow required) and increase when the I-Term is positive (additional flow required).

The following conditions must all be valid for the system to dynamically adapt the speed compensation
feedforward table:

Adaption must be enabled.

Magnitude of feedback I-Term must be above a threshold.

Rail pressure must be above a threshold.

Fuel demand must be above a threshold.

Once nominal adaption window is exited, it must remain outside the window for a period of time.
Rail pressure setpoint must be stable (within a +- window) for a period of time.

L

Note—the enable conditions are the same as for the nominal enable conditions; however, the engine
speed condition is inverted (i.e., speed is outside the nominal window as illustrated in Figure 2-26).

Calibration Guide

A. Coarse Nominal Feed Forward Adaptation

o Forthe nominal feed forward table, run the engine at nominal speed and enable all conditions
for adaption.

o Increase the rate of adaption by gaining the values of the adapt multiplier tables (this is not
required but suggested for faster adaptation).

o  For rail pressures [300 600 900 1200 1500 1800] (commonly used rows of the table), adjust
total volume commanded per cylinder from the lowest column to the highest column and let the
feed forward map learn until the I-Term is within +- 3 cc/s (coarse mapping).

B. Coarse Speed Compensation Feed Forward Adaption

o Repeat the procedure listed above for the speed compensation map by adjusting speed outside

of the nominal speed range to fill in the table at different volume commands.
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C. PID Tuning

o  Perform any necessary PID tuning to maximize and balance control performance and

robustness either by a structured or “by feel” tuning method.

Note—minor iterations of steps A-C may be required.

Feedback Strategy

The software feedback strategy utilizes a basic PID controller with gain scheduling for the P, I, and D-

terms as a function of PID controller error as illustrated in the figure below. The gain schedules include 1-

D lookup tables as a function of error and engine speed.

——Rail Pressure [bar]—»| ——~Feedback Contribution—p>
Setpoint [bar]—»
Error:
———Kerror GaiN——P
PID P-Term——p»

—speed [RPM] + | Gain Scheduling '—Kp Gain———p|
T Lad

Feedforward Adaptation

I-Term——— P
L Gain Scheduling '—K‘ Gain——p»|
Ll
D-Term——»
Gain Scheduling Ko Gain——p»
Error Gein — FesdForward Adspt
¥ | Gain Enable I D Gain Enable
P Gain 0.2464784 | cc/s/bar | Gain 0.15 | cefsec D Gain 0| cefsec
Error (bar) P Gain Multiplier () Speed (RPM) P Gain Multiplier ) Error (bar) 1 Gain Multiplier () Speed (RPM) | Gain Multiplier () Error (bar) D Gain Multiplier () Speed (RPM) D Gain Multiplier ()
-100.00 1.00 0 1.000 -100.00 0.10° 0 1.000 -100.00 1.00 o 1.000
-87.50 1.00 131 1.000 -87.50 0.10° 131 1.000 -87.50 100 131 1.000
-75.00 1.00 263 1.000 -75.00 0.10° 263 1.000 -75.00 1.00 263 1.000
-62.50 1.00 394 1.000 -62.50 0.10° 234 1.000 -62.50 100 354 1.000
-50.00 1.00 525 1.000 -50.00 0.10° 525 1.000 -50.00 1.00 525 1.000
-3750 1.00 656 1.000 -37.50 0.10° 656 1.000 -37.50 100 656 1.000
-25.00 1.00 788 1.000 -25.00 1.00 788 1.000 -25.00 1.00 788 1.000
-1250 1.00 919 1.000 -12.50 1.00 919 1.000 -12.50 100 919 1.000
0.00 1.00 1050 1.000 0.00 1.00 1050 1.000 0.00 1.00 1050 1.000
12.50 1.00 1181 1.000 1250 1.00 1181 1.000 1250 1.00 1181 1.000
25.00 1.00 1313 1.000 25.00 1.00 1313 1.000 25.00 1.00 1313 1.000
37.50 1.00 1444 1.000 3750 0.10 1444 1.000 3750 1.00 1444 1.000
50.00 1.00 1575 1.000 50.00 0.10° 1575 1.000 50.00 1.00 1575 1.000
€2.50 1.00 1706 1.000 6250 0.10 1706 1.000 6250 1.00 1706 1.000
75.00 1.00 1838 1.000 75.00 0.10 1838 1.000 75.00 1.00 1838 1.000
87.50 1.00 1969 1.000 87.50 0.10 1969 1.000 8750 1.00 1969 1.000
100.00 1.00 2100 1.000 100.00 0.10 2100 1.000 100.00 1.00 2100 1.000

I Limits

Figure 2-34. Feedback Configurations

PGain = Pbasex Perrurx Pspeed

Igain = 0 if enabled; otherwise, {Ibasex LoyrorX ISPEEd}zimited

D¢ain = 0if enabled; otherwise (Dbasex DerrorX Dspeed)
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Functional Description - Rail Pressure Diagnhostics

The following describes the rail pressure diagnostics and monitors supported in the LECM CRS software.

Range Diagnostics & Monitors

For each rail pressure sensor, the software supports range low/high sensor diagnostics by monitoring the
sensor hardware units (V or mA) and detecting if the sensor signal is continuously below or above a
threshold for a fixed period of time. The software also supports range low/high monitors for the
engineering units (bar) of the signal when the signal’s corresponding diagnostic is considered valid (i.e.,
sensor is in range). Rail pressure range diagnostics and monitors utilize the same range diagnostics
strategy as described in LECM CRS Diagnostics & Monitoring document.

Diagnostics

Sensor Failed High/Low Fault Delay 025 s

Sensor Failed High Sensor Failed Low
Range High Threshold Range Low Threshold
[ Engine Stop Required To Clear [ Engine Stop Required To Clear
Automatically Recover After Ijl Automatically Recover After I:I
Condition #1 Active ~ | Condition #1 Active ~ |
Action #1 | MNone ~ | Action #1 | Mone v |
Condition #2 Active e | Condition #2 Active |V |
Action #2 | MNone w | Action #2 | Mone v

Monitors

Failed HighLow Fault Delay 025 s

Failed High Failed Low
Range High Threshold 2000| bar Range Low Threshold bar
[ Engine Stop Required To Clear [ Engine Stop Required To Clear
Automatically Recover After Ijl Automatically Recover After l:l
Condition #1 Active ~ | Condition #1 Active ~ |
Action #1 [ None v | Action #1 ' None v|
Condition #2 Active w | Condition #2 Active ~ |
Action #2 | None w | Action #2 | Mone w |

Figure 2-35. Rail Pressure Range Diagnostic & Monitor Configurations
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Zero Rail Pressure Monitor

The software supports an optional zero rail pressure monitor that asserts a fault if the rail pressure is at or
below the ambient air pressure while the engine is in a run state. This fault can be used to drive fault
actions if rail pressure sensing is inoperable.

Fero Rail Pressure Fault The zerorail pressure fault asserts fihe rail pressure

] ) is at or below ambient air pressure wiile running.
Iv Enable Zero Rail Pressure Monitor

[ Engine Stop Required To Clear

Automatically Recover After

D

Condition #1 Active ~ |
Action #1 | MNone ~ |
Condition #2 Active ~|
Action #2 | None w |

Figure 2-36. Zero Rail Pressure Monitor Configurations

Rail Pressure Control Monitor

The software supports an optional rail pressure control monitor that asserts a fault if a deviation in the
actual rail pressure as a percentage of the setpoint continuously exceeds a limit for a fixed period of time.
The monitor is only active when enabled and when rail pressure is above a threshold. This fault is used to
confirm the rail pressure control is stable within user-defined expectations.

Rail Pressure Control Fault The rail pressure control fault asserts if a maximum
) ) deviation of the actual rail pressure (% of the setpoint)
[v¥ Enable Rail Pressure Control Monitor exceeds the limit continuously for the fault delay
period.
Enable \When Rail Prez=zure | Above bar
Maximum Deviation From Setpoint g
[ Engine Stop Required To Clear
Automatically Recover After Ijl
Condition #1 Active v|
Action #1 | Mons w | %
Condition #2 Active w |
Action #2 | None ~ |

Figure 2-37. Rail Pressure Control Monitor Configurations

Rail Pressure Sensor Deviation Monitor

For systems with redundant rail pressure sensors, the software supports an optional rail pressure sensor
deviation monitor that asserts if there is a maximum pressure differential between the two sensors for a
fixed period of time. The monitor is only active when enabled and when multiple rail pressure sensors are
available. This fault is used to confirm the rail pressure readings are consistent within a window between
the two sensors.
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Rail Pressure Sensor Deviation Fault
[¥ Enable Sensor Deviation Monitor

Maximum AP
Fault Delay
[ Engine Stop Required To Clear

Automatically Recover After

The rail pressure sensor deviation fault asserts when
thereis a difference in rail pressure from sensor 1 and
sensor 2 above the maximum AP coninuously for the
fault delay penod.

Condition #1 | Active ~|
Action #1 | Nene w |
Cendition #2 | Active ~|
Action #2 | Mane R | %
Figure 2-38. Rail Pressure Sensor Deviation Monitor Configurations
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Chapter 3.
Control - WLO Fuel Metering Valve

Introduction

The ‘Control - WLO Fuel Metering Valve’ blockset is used to control the Woodward L’Orange Fuel
Metering valves (FMV’s) and the corresponding Diagnostics Monitoring. A Dual Pump Fuel Distributor
blockset is available when an application requires 2 pumps to supply enough flow for the engine to reach
full load. Inside the blockset, four blocks are available as shown below.

2E Simulink Library Browser - m} X

¢ & G A -|B-o-¢)= @

LESP Model Reference/Control/WLO Fuel Metering Valve

» Embedded Coder ~
Fixed-Point Designer

Fixed-Point Designer HDL Support

HDL Coder

LESP

LESP Model Reference

¥ Control

v v

Air Management

Balancing

CRS Rail Pressure

Knock

Speed Contral

WLO Fuel Metering Valve
v Functions

Engine Start

Engine State
“ Sensors B Dual Pump Flow Distributor WLO Fuel Metering Valve #1

¥ Input Processing
Dual Fuel
UEGO

MotoHawk
MotoHawk Annotations
MotoHawk Flexible Encoder
MaotoHawk FPGA
MaotoHawk OBD Fault Manager
MaotoHawk VDO Gauge
Simulink 3D Animation

v

v

v oW

simulink Coder

w

Simulink Extras

Stateflow

Woodward Custom Modbus Master/Slave
‘WoodwardASB (Gen2) Primitives
WoodwardASE Data Structures
‘WoodwardASE Protocols v

VoW W v

WLO Fuel Metering Valve #2 'WLO Fuel Metering Valve Circuit Diagnostics

Figure 3-1. LESP Model Reference ‘WLO Fuel Metering Valve’ Blocks

e Dual Pump Flow Distributor
This blockset is used when two High Pressure Fuel Pumps are used in the application. It provides
certain strategies to share between both pumps the equal amount of flow.

e  WLO Fuel Metering Valve #1
This blockset is used to control the fuel metering valve #1 inside the application.

e  WLO Fuel Metering Valve #2
This blockset is used to control the fuel metering valve #2 inside the application.

e WLO Fuel Metering Valve Circuit Diagnostics
This blockset is used to provide diagnostic information on the outputs used to drive the fuel metering
valves of the high pressure common rail pumps.
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Dual Pump Flow Distributor Block Interface

Dual Pump Flow Distributor

Figure 3-2. ‘Dual Pump Flow Distributor’ Block

Table 3-1. ‘CRS Rail Pressure Diagnostic Monitors’ Block

Port DataType Description

[In] FMV Enable [2] boolean These are the enable inputs of both the
pumps, so it requires double values

[In] FMV 10 Select [enum] [2] uint8 This field is used to select the correct 10 on
the hardware of the selected target. It
requires 2 x the inputs as for pump 1 and 2.

I0Select_enum
(lecm_discrete_out_io_select_enum)
0 — Not Used
1-LS0O1
2-LS02
3-LS03
4-LS0O4
5-LS05

6 — LSO6

7 —-LSO7

8 -LS08
9-LS09

10 - LSO10

11 - LSO11

12 -LS012

13 — HSO1

14 — HSO2

15 - HSO3

16 — HSO4

17 — HSO5
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18 — HSO6
19 — HSO7
20 - HSO8
21— IgnTrig1
22 — IgnTrig2
23 — IgnTrig3
24 — IgnTrig4

[In] FMV Current Readback [mA] Int16 The Fuel Metering Valve current readback in

[2] mA as read from the hardware. These are 2
x the current readback values as for Pump 1
and 2.

[In] Flow Command [cc/s] single The required flow as commanded from the
application. This is total flow, so in case of 2
pumps, it is for both.

[In] Demanded Load [%] single The actual demanded load in the application

at that moment.

[In] Pump Housing Temps [degC]
(2]

AnalogSensorBus

The actual temperatures of the Pump
Housings (in degrees Celsius), which can be
used for flow distribution logic to split flow
for 2 pumps. These inputs require 2 x the
values as for pump 1 and for pump 2.

Bus Details: AnalogSensorBus:
- FilteredValue
- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 — Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Rail Pressure [bar]

AnalogSensorBus

The actual Rail Pressure (in bar) that the
application has measured.

Bus Details: AnalogSensorBus:
- FilteredValue
- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 — Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Engine State [enum]

uint8

The actual engine state the engine is
operating in at that particular moment.
These states (lesp_engine_state_enum) are
defined as below:

0 — Stopped
1 — Prestart
2 — Starting
3 — Warmup
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4 — Running
5 — Cooldown
6 — Stopping
7 — Postrun

[Out] Valve1 Command

DiscreteOutputBus

The Fuel Metering Valve #1 command
output, which can be used to the correct
output FMV logic.

DiscreteOutputBus:

- 10Select_enum

- BehaviorSelect_enum
- State_enum

- DutyCycle_ Pct

- Frequency_Hz

IOSelect_enum
(lecm_discrete_out_io_select_enum)
0 — Not Used
1-LSO1
2-1LS02
3-LS03

4 -LS0O4
5-LS05

6 — LSO6

7 - LSO7

8 - LS008
9-1LS09

10 - LSO10
11 - LSO11
12 -LS012
13 - HSO1
14 — HSO2
15 - HSO3
16 — HSO4
17 — HSO5
18 — HSO6
19 — HSO7
20 — HSO8
21 — IgnTrig1
22 — IgnTrig2
23 —IgnTrig3
24 — IgnTrig4

BehaviorSelect_enum
(lesp_discrete_out_behavior_select_enum):
0 — Discrete

1-PWM

State_enum (lesp_discrete_out_enum):
0 — Not Used

1 — Inactive

2 — Active

[Out] Valve2 Command

DiscreteOutputBus

The Fuel Metering Valve #2 command
output, which can be used to the correct
output FMV logic.

DiscreteOutputBus:
- 10Select_enum
- BehaviorSelect enum
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- State_enum
- DutyCycle_ Pct
- Frequency_Hz

IOSelect_enum
(lecm_discrete_out_io_select_enum)
0 — Not Used
1-LSO1
2-1S02

3 -LS0O3

4 - LS04
5-LS05

6 —LSO6

7 - LSO7

8 -LS08
9-LS09

10 - LSO10
11 - LSO11
12 -LS012
13 — HSO1
14 — HSO2
15 - HSO3
16 — HSO4
17 — HSO5
18 — HSO6
19 — HSO7
20 — HSO8
21 — IgnTrig1
22 — IgnTrig2
23 —IgnTrig3
24 — IgnTrig4

BehaviorSelect_enum
((lesp_discrete_out_behavior_select_enum):
0 — Discrete

1-PWM

State_enum (lesp_discrete_out_enum):
0 — Not Used

1 - Inactive

2 — Active
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WLO Fuel Metering Valve #1 Block Interface

WLO Fuel Metering Valve #1

Figure 3-3. ‘WLO Fuel Metering Valve #1’ Block

Table 3-2. ‘WLO Fuel Metering Valve #1’ Block

Port DataType Description

[In] Enable boolean The enable input of the FMV of the Pump
#1.

[In] IO Select [enum] uint8 This field is used to select the correct 10 on
the hardware of the selected target for the
FMV of pump #1.

IOSelect_enum
(lecm_discrete_out_io_select_enum)
0 — Not Used
1-LSO1
2-1LS02
3-LS03
4-LS0O4
5-LS05

6 —LSO6

7 -LS07

8 - LS08
9-LS09

10 - LSO10
11 - LSO11
12 -LS012
13 — HSO1
14 — HSO2
15 - HSO3
16 — HSO4
17 — HSO5
18 — HSO6
19 — HSO7
20 - HSO8
21 —IgnTrig1
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22 — IgnTrig2
23 — IgnTrig3
24 — IgnTrig4

[In] Current Readback [mA]

Int16

The Fuel Metering Valve current readback in
mA as read from the hardware for FMV of
pump #1.

[In] Flow Command [cc/s]

single

The required flow as commanded from the
application for pump #1.

[In] Rail Pressure [bar]

AnalogSensorBus

The actual Rail Pressure (in bar) that the
application has measured.

Bus Details: AnalogSensorBus:
- FilteredValue
- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 — Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Engine State [enum] uint8 The actual engine state the engine is
operating in on that particular moment.
These states (lesp_engine_state_enum) are
defined as below:
0 — Stopped
1 — Prestart
2 — Starting
3 —Warmup
4 — Running
5 — Cooldown
6 — Stopping
7 — Postrun
[Out] Command DiscreteOutputBus | The actual Command Output signal going to

the Fuel Control Valve.

DiscreteOutputBus:

- 10Select_enum

- BehaviorSelect_enum
- State_enum

- DutyCycle_Pct

- Frequency Hz

IOSelect_enum
(lecm_discrete_out_io_select_enum)
0 — Not Used

1-LSO1
2-18S02
3-LS03
4 -LS0O4
5-LS05
6 — LSO6
7—-LSO7
8 —LS08
9-LS09
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10 - LSO10
11 - LSO11
12 - LSO12
13 — HSO1
14 — HSO2
15 - HSO3
16 — HSO4
17 — HSO5
18 — HSO6
19 — HSO7
20 - HSO8
21 - IgnTrig1
22 — IgnTrig2
23 — IgnTrig3
24 — IgnTrig4

BehaviorSelect_enum
((lesp_discrete_out_behavior_select_enum):
0 — Discrete

1-PWM

State_enum (lesp_discrete_out_enum):
0 — Not Used

1 — Inactive

2 — Active
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WLO Fuel Metering Valve #2 Block Interface

WLO Fuel Metering Valve #2

Figure 3-4. ‘WLO Fuel Metering Valve #2' Block

Table 3-3. ‘WLO Fuel Metering Valve #2' Block

Port DataType Description

[In] Enable boolean The enable input of the FMV of the Pump
#2.

[In] IO Select [enum] uint8 This field is used to select the correct 10 on
the hardware of the selected target for the
FMV of pump #2.

IOSelect_enum
(lecm_discrete_out_io_select_enum)
0 — Not Used
1-LSO1

2 -1LS02
3-LS03

4 -LS0O4
5-LS05

6 — LSO6

7 -LS07

8 - LSO8
9-LS09

10 - LSO10
11 - LSO11
12 -LS012
13 — HSO1
14 — HSO2
15 - HSO3
16 — HSO4
17 — HSO5
18 — HSO6
19 - HSO7
20 - HSO8
21 — IgnTrig1
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22 — IgnTrig2
23 — IgnTrig3
24 — IgnTrig4

[In] Current Readback [mA]

Int16

The Fuel Metering Valve current readback in
mA as read from the hardware for FMV of
pump #2.

[In] Flow Command [cc/s]

single

The required flow as commanded from the
application for pump #2.

[In] Rail Pressure [bar]

AnalogSensorBus

The actual Rail Pressure (in bar) that the
application has measured.

Bus Details: AnalogSensorBus:
- FilteredValue
- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 — Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Engine State [enum] uint8 The actual engine state the engine is
operating in at that particular moment.
These states (lesp_engine_state_enum) are
defined as below:
0 — Stopped
1 — Prestart
2 — Starting
3 —Warmup
4 — Running
5 — Cooldown
6 — Stopping
7 — Postrun
[Out] Command DiscreteOutputBus | The actual Command Output signal going to

the Fuel Control Valve.

DiscreteOutputBus:

- 10Select_enum

- BehaviorSelect_enum
- State_enum

- DutyCycle_Pct

- Frequency Hz

IOSelect_enum
(lecm_discrete_out_io_select_enum)
0 — Not Used

1-LSO1
2-18S02
3-LS03
4 -LS0O4
5-LS05
6 — LSO6
7—-LSO7
8 —LS08
9-LS09
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10 - LSO10
11 - LSO11
12 - LSO12
13 — HSO1
14 — HSO2
15 - HSO3
16 — HSO4
17 — HSO5
18 — HSO6
19 — HSO7
20 - HSO8
21 - IgnTrig1
22 — IgnTrig2
23 — IgnTrig3
24 — IgnTrig4

BehaviorSelect_enum
((lesp_discrete_out_behavior_select_enum):
0 — Discrete

1-PWM

State_enum (lesp_discrete_out_enum):
0 — Not Used

1 — Inactive

2 — Active
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WLO Fuel Metering Valve Circuit Diagnostics Block Interface

WLO Fuel Metering Valve Circuit Diagnostics

Figure 3-5. ‘WLO Fuel Metering Valve Circuit Diagnostics’ Block

Table 3-4. ‘WLO Fuel Metering Valve #2' Block

Port

DataType

Description

[In] IO Select [enum] uint8

This field is used to select the correct 10
on the hardware of the selected target
for the FMV pump. IO Select should
match the corresponding 10 mapping for
the respective valve.

IOSelect_enum
(lecm_discrete_out_io_select_enum)
0 — Not Used
1-LSO1

2 -1LS02
3-LS03

4 -S04
5-LS05

6 — LSO6

7 -LSO7

8 —LSO8
9-LS09

10 - LSO10
11 - LSO11
12 -LS012
13 — HSO1
14 — HSO2
15 - HSO3
16 — HSO4
17 — HSO5
18 — HSO6
19 - HSO7
20 - HSO8
21 — IgnTrig1
22 — IgnTrig2
23 — IgnTrig3
24 — IgnTrig4
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[In] LSO Fault Status [enum] Uint8 The actual status input of the LSO
output used to drive the FMV for the

pump.

fault_status_enum
(lesp_discrete_out_fault_status_enum):
0 - Valid

1 — ShortCircuitToBattery

2 — OpenOrShortToGround

3 — OpenOrShortToBattery

4 — PWMDutyCycleForcedToLimit
5 — CurrentMeasurementOverrun

6 — CurrentMeasurementSaturated
7 - OverCurrent

[Out] Wiring FaultBus Diagnostics info in form of FaultBus

FaultBus:

- AssertionStatus
- ConditionStatus
- InhibitStatus

Example Model Using the Blocks

The following is a very simple setup using MotoHawk Calibration and MotoHawk Probes blocks to make
the model suitable for building.

a

Figure 3-6. Simple Example Model, Using the Control- WLO Fuel Metering Valves Blocks

When compiling, it will generate the required files, and if the Toolkit required blocks are also added to the
application model, it will generate the required SID files for the Toolkit HMI tool creation.

Because the example model contains all the blocks for the fuel metering valves, a decision needs to be
made whether to use the “Flow Distributor” block or the individual “Fuel Metering Valves” blocks. This can
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be done easily by the ‘Comment out’ function in Simulink. When leaving all blocks in, it will fail to create a
successful build. See the figure below for possible options.

E‘J I—IH ,I!. \‘

& Comment-Out

——=~
R —
=
S = dp— Comment.Out

Figure 3-8. ‘Flow Distributor Block’ Active with Individual ‘FMV Blocks’ Commented Out
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Default ToolKit Pages

When opening a new Toolkit application and selecting the correctly generated .sid file, the page will look
like the screenshot below.

&5 Design Tools

Tool Explorer | Components
Device:

Devicel (Control_FMV_000)

®

4 Fuel Metering Valve

b HMI
> Valvedl
b Valve02
G
b FMV Test
> System
A= Label

() Navigation Butten
|2l Static Image

() Offline Editor Button
() Run Button

|2 %-V Chart

|5 Buffered Editing Panel
(%) Help Button

FMVs,active .

B8 Design Tools - o x

Tool Explorer ~ Components

Device
v Device! (Control_FIV_00T) -
[E]

41 Control
47 Fuel Metering Valve
Flow Distributor

M ‘— Flow,DistributorL ogic
Valvedl
Valve02

TontroT FIV

»
Individual »
»

b PV Test
> system

A= Label
(] Mavigation Button
[ Static Image

() Offline Editor Butten
() Run Button

|22 XY Chart

[=] Buffered Editing Panel
(%) Help Button

Figure 3-9. SID File Selection and Layout for Both Options

The next description will focus on having double FMV’s defined, as this will be the most extensive use,
having most options included.

Each FMV has one page, including offline pages, to setup the FMV according to factory specification.

9§ FlowDistribtor_ FMV.Toolwtool - Woodward ToolKit

View  Settings  Tools

@ @ WLO Fuel Metering Valve #1

O ~»29HR

Mew  Open  Close  Save

Save
As

A B O J
Lum o

Design  Connect Disconnect Communication

Mode Statistics

1 To be changed for real sensor data !
FD_FMV1_Command_BehaviorSelect_
enum

FD_FMV1_Command_State_enum
FD_FMVT_Comman: d_DutyCycle Pet
FD_FMV1_Command_Frequency_Hz

FD_FMV1_Command_IOSelect_enum

Feedback Amount Feedback P-Term Feedback |-Term Feedback D-Term

Contral Fuel Pump
Configure FHV #1

@ FMV Control Is Enabled

FeedForward Amount

Select View

Overview v

25000 ecfs
000 %

Flow Command

Setpoint - Actual 49953 mA

Duty Cycle Command

Actual |

500.0

Setpoint U]

Connected on Kvaser USBcan Professional HS/H #0 (Channel 0) | @ Details...
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¥ FlowDistribtor_FMV_Toolwtool - Woodward ToolKit

View  Settngs  Tools @ @ WLO Fuel Metering Valve #2
D ) H H A 9 O &
L] — L o oo
New  Open  Close  Save  Save Design Connect  Disconnect Load Communication
~ As ode Application Statistics

by
N N N N N

@ FMV Control Is Enabled
11l To be changed for real sensor data It
FD_FMV2_Command_BehaviorSelect_

4 Select View
enum

Overview v

FD_FMV2_Command_State_enum 2 _
0

FD_FMV2_Command DutyCycle_Pet

Setpoint - Actual -999.53 mA Flow Command 25000 cc/s
FD_FMV2_Command_Frequency_Hz 150 Fuel Metering Valve Control Duty Cycle Command
FD_FMV2_Command |0Select_enum 2 A 10000

Connected on SBcan Professional HS/H #0 (Channel

The Pump Flow Distributor logic requires real sensor feedback to work properly. Options for balancing the
flow can be selected from this page.

“ FlowDistribtor_FMV_Tool.wtool - Woodward ToolKit

View  Settings  Toals Control: Fuel Pump
D~ "HE A 2 2 & La
ul — Cum e
Mew  Open  Close  Save Save Design Connect  Disconnect Load Communication
5 As Mode. Application Statistics
2500 cc/s  Flow Distribution
Enable Pump Distribution When
1000 % Demanded Load Is Below 0%
Enable Temp-Based Flow Distribution
able Time-Based Flow Distribution
furer Ternp-Based Flow B 1 /degC
fermp-Based Flow Bias e
(%] Error degC H S
Flow Command €3 Error cc/s Ternp-Based Maximum Offset 10| %
Time-Based Bias 1%
2500 ccfs
1l Calibrations - To be changed for real sensor data !!! 1000 % Time-Based Period 5 mins
PumpT1HousingTemp 55 [l
— Fuel Control Valve #1 —
Pump2HousingTemp 55 [l
— Fuel Cantral Valve #2
FlowCommand 500 [ S5 =
=% (=B Temperature distribution strategy biases the flow to the two pumps based on
FMV1_FlowCommand 500 (S48 [x) Error degC the temperature differences by the *Bias” value (no more than the "Maximum
Offset’). This strategy is only available if both HP Fuel Pump Outlet
FMV2_FlowCommand 500 [S184 temperatures are Valid.

Time distribution strategy is used otherwise and temporarily biases the flow
between each pump by the “Bias™ amount for the defined “Period.”

Connected on Ki USBcan Professional H5/H #0 (Channel

Figure 3-10. Examples of the Toolkit Pages for FMV Control

This example Toolkit file is in the ‘Tools’ directory of the “Control_FMV” example model and can be used
as a base setup for the application specific service tool.
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Functional Description - Fuel Control Valve

The following describes the fuel control valve (FCV, AKA fuel metering valve) strategy. The FCV control
strategy is intended for a Woodward L’Orange current controlled high pressure fuel metering valve. The
software supports up to two control valves for dual pump systems commanding a common rail with a flow
distribution algorithm to ensure fuel pumps maintain and operate with similar temperature conditions.

Pump #1

Pump #2

Figure 3-11. Dual Fuel Pumps

LSO Current Readback ——Circuit Feedback [mA]j

Flow Command
— FMV#L Fuel Metering Valve #1 Control
[cc/s])

LSO Frequency [Hz]—»

——LSO Duty Cycle [%]—»>

Rail Pressure Control _F\ow[(;c;r;;nand_,

Pump Flow Distributor

——LSO Frequency [Hz]—>

Flow Command
—  FMV#2 P Fuel Metering Valve #2 Control
[ce/s]

LSO Current Readback ——Circuit Feedback [mA]j

Figure 3-12. Fuel Control Valve

——LSO Duty Cycle [%]—»>

Pump Flow Distributor

The pump flow distribution logic is used to direct and distribute the rail pressure flow command to one or
more of the available fuel pumps (control valves) using pump temperatures and/or a time-based strategy
to modify the flow to each pump in order to keep the pump temperatures balanced. When a single pump
is used, the rail pressure command is fed directly to the respective pump flow command (i.e., no
distribution).
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Temperature-Based Strategy

The temperature-based strategy utilizes pump housing temperatures and biases the flow of pump 1 and
pump 2 by integrating the difference in housing temperatures relative to the average temperatures
multiplied by a gain. This strategy will effectively distribute more flow to the hotter pump relative to the
cooler pump.

Note: More flow is distributed to the hotter pump as high flow results in a larger cooling effect.
Time-Based Strategy

If pump housing temperatures are not available, a time-based strategy can be enabled to continuously
distribute flow between two pumps, cycling the flow amount linearly over time. This strategy is illustrated
in the figure below.

Pump 1 Flow Bias [%]
Pump 2 Flow Bias [%]

Max Bias [%]
0%
-Max Bias [%]
- —————- ® ® *—————— >
Period [mins] Period [mins]
Figure 3-13. Time-Based Pump Flow Distribution Strategy
+ Fuel Pump Temperatures 00 cois Flow Distribution
00 % ¥ Enable Temp-Based Flow Distribution
[V Enable Time-Based Flow Distribution
Temp-Based Flow Bizs %/degC
Fump #1 .
Temp-Based Maximum Offset %
0.0 degC
Flow Command 00 ecls ———— Time-Based Bias 3
Time-Based Period mins
00 ccfs
00 % Fuel Control Valve #1 —

|

Fuel Control Valve #2 —

Temperature distribution strategy biases the flowto the two pumps based on
the temperature differences by the "Bias" value (no more than the "Maximum
B Offset"). This strateqy is only available if both HP Fuel Pump Outlet
0D degC temperatures are Valid.

Time distribution strategy is used otherwise and temporarily biases the flow
between each pump by the "Bias" amount forthe defined "Period.”

Figure 3-14. Fuel Pump Distribution Configurations
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Fuel Control Valve

Each fuel metering valve indirectly controls the fuel flow via current by adjusting the duty cycle of a low-
side drive at a fixed frequency. The control strategy consists of a fixed feedforward table and PID
feedback to close the loop on current.

[A] FMV Enable hutd

—Flow [iz;'s']ma"d—» [B] Current Setpoint setpoint

piive [C] Feedforward % y

DC [%]——— Override DC Command Final DC [%]——

[D] Feedback

DC [%]

Current Readback [mAl——3

Figure 3-15. Fuel Control Valve Strategy

The LECM hardware only supports current readback on LSO1 —
IMPORTANT LS04, requiring only these output drives to be used for the pump

control valves.

Enable Management and Setup

The fuel control valve can be mapped to any LSO with current feedback. Current readback must be
enabled for the corresponding LSO and the current measurement average periods should be set to a
value that supports updates at a minimum rate of 2x the driving frequency. For example, if the drive
frequency is 150 Hz, the PWM average period should be set to a value of 2 or less.

The ‘Apply Duty Cycle Correction’ checkbox must stay unchecked as the FCV is a highly inductive load. It
also requires a diode to be placed in the wiring harness, preferably as close as possible to the FCV.

%OOWARDj ]m—\ et H Bl e
LECM CRS v1.1 Wﬁ@ﬁﬁﬁ@ﬁ@ﬁﬁﬁ@@m@
| ENGINE STOPPED >—‘

@MV Contol s Ensbled

Dashboard
DateTime  Dec 01, 2020 - 061319 AM

RunTime  0000000.03:00:09 Select View

EngineState  Stopped

250 degC

ST 10 Select FeedForward Setup =

Confiquration 1501 Measures
frt 10 Select so1 - 4] Enable Current Readback

29V

Frequency. 150] Hz 1000 recicutation diode.

Setpoint ] Nominal Setpoint e o pesoss 2 20

71 bar 0 Flow Demand (cc/s) __ Setpoint (mA)
02 3129 (imits
02 28588
05 26367
39 2158 Shutdo
27 2194
%63 10848
1055 17765 Wire Fault Test During Prestart

1654 T Evble Wire FulTst utng Prestat

00 mm3/eyl

00 %

00 kW

oszp @ Fuel CutRequest @ Faut Potectio
@ @Shutdoun

immedite
@povertimes1 @ lmmedite
t52 @ Startnterlock

3090 10472 Wire Test Execution Time 2=

t43 @ BackToLow dle

Meain Pulze
ol @ Kecp Rated Spesd

Digital Mode
Speed Control
Setpoint 00 foM
@0reop
@ leReted

¥ Wl Setpoint 311285 mA 0 5000 NaN NaN NaN_ NaN NaN NaN NaN' Hidden -

(Connected on Kvaser USBcan Professional HS/H #0 (Channel 0) | 8 Details.

Figure 3-16. Fuel Control Valve Configuration

There is also a conversion table available to make corrections for the Measured to Actual Current. This
table can be used to compensate for the actual current observed at the solenoid when using a
recirculation diode. Typical setup of this table is similar to the example below.
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Measured Actual
Current (mA) Current (ma)
0 0
1000 698
2000 1610
3200 2704
4600 4000

Figure 3-17. Fuel Control Valve Configuration

The fuel control valve is forcibly disabled when no speed is sensed by the LESP control system. The user
has the option to select a fixed LSO duty cycle command when the fuel control valve is shutdown.

10 Select FeedForward Setup —

LSO1 Measured Actual Use t
ch
LsO1 v Enable Current Readback Current (mA) Curent (mA) zh:j
i 0 0 other
150 Hz [C] Apply Duty Cycle Correction 1000 698  redic
N N Current Measurement 2 2000 1610
ninal Setpoint Average PWM Periods 3200 2704
4600 4000
oofs) Setpoint (mA)] L\)
0.2 329 |imite
02 28388 Setpoint Rate Limit 10000| mA/s
0.5 2636.7
e 2415.8] Shutdown
207 21964] Shutdown Command 0| %
56.3 1384.8
1055 1776.5 " Wire Fault Test During Prestart
165.4 1367.0 Enable Wire Fault Test During Prestart
2336 1357.8
308.0 1147.2 Wire Test Execution Time 2ls
3884 9334
45 7169

Figure 3-18. Fuel Control Valve Configuration
Setpoint Strategy

The fuel control valve setpoint is based on a 1-D linear lookup table that converts a fuel demand [cc/s] to
a current command [mA]. This can be forward or reverse acting, depending on the FCV used for the
application. An optional setpoint rate limit can also be enabled to avoid large step changes in setpoints to
allow for more stable control.

Nominal Setpoint

Flow Demand (cc/s) Setpoint (mA)

02 29
0.2 2858.8
05 2636.7
19 2415.8

207 21%.4
563 1984.8

1055 17765

1654 1567.0

2336 13578

2000 11472

3884 933.4

an.s 716.9

5555 501.7

6209 298.1

655.0 1201

8569 432

estd | [y 23

Figure 3-19. Fuel Control Valve Setpoint Configurations
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Feedforward Strategy

The fuel control feedforward strategy supports a fixed 1-D lookup table as a function of setpoint [mA] to
command a given LSO duty cycle [%]. Using the feedforward strategy can improve the response of the
current control loop in total. Regardless, the PID must be setup correctly also.

% Offline Settings Editor
Main

Setpoint (mA)

20
6.6
2704
4728
628.5
908.1
11296
13476
1568.4
1776.0
19875
2204.6
2424.4
2665.8
29524
3395.0
3400.0

DutyCycIaSommand | — Setpoint |
0.0 | Feedback — |
13
4.2
5.8
72
a7
10.2 I}

116
131
146
16.0
175
138
201
217

235
253

Figure 3-20. Example for Fuel Control Valve Feedforward Configuration

Feedback Strategy

The software feedback strategy utilizes a basic PID controller with gain scheduling for the P, I, and D-
terms as a function of PID controller error as illustrated in the figure below. The gain schedules include 1-
D lookup tables as a function of error and rail pressure.

__Rail Pressure
[bar]

I

Gain Scheduling }7&, Gain——p»
Gain Scheduling }7& Gain——p|

Gain Scheduling }7&3 Gain——p»|

Current [mA] > | Duty Cycl[e;/(]:ommand
(]
Setpoint [MA]—>
Error:

—Kerror Gain——p»,

PID P-Term———p

I-Term———p

D-Term——p

Figure 3-21. Feedback Strategy
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Emor Gain ——————————————— — FeedForward

[ | Gain Enable ™ D Gain Enable
P Gain 1] eo/asbar 1Gain 0.15] wma D Gain 0] corsee

Error (%) P Gain Multiplier ) Rail Pressure (bar) P Gain Multiplier ( Error (%) | Gain Multiplier () Rail Pressure (bar) | Gain Multiplier () Error (%) D Gain Multiplier ) Rail Pressure (bar) D Gain Multiplier ()
-100.00 1.00 0 1.000 -100.00 0.10 0 1.000 -100.00 100 o 1.000

8750 1.00 131 1.000 -87.50 010 131 1.000 8750 100 131 1.000

75.00 1.00 283 1.000 T5.00 010 263 1.000 7500 100 263 1.000

6250 1.00 N 1.000 6250 010 34 1.000 6250 100 N 1.000

-50.00 1.00 525 1.000 ~50.00 010 525 1.000 50.00 100 525 1.000

750 1.00 656 1.000 3750 010 656 1.000 750 100 656 1.000

2500 1.00 788 1.000 2500 100 788 1.000 2500 100 788 1.000

1250 1.00 EE 1.000 1250 100 EE 1.000 1280 100 EX 1.000

000 1.00 1050 1.000 0.00 100 1050 1.000 000 100 1050 1.000

1250 1.00 1181 1.000 1250 100 1181 1.000 1250 100 1181 1.000

2500 1.00 1313 1.000 2500 100 1313 1.000 2500 100 1313 1.000

3750 1.00 1444 1.000 BE) 010 1444 1.000 750 100 1484 1.000

5000 1.00 1575 1.000 5000 010 1575 1.000 50.00 100 1575 1.000

6250 1.00 1706 1.000 6250 010 1706 1.000 6250 100 1706 1.000

75.00 1.00 1838 1.000 75.00 010 1838 1.000 75.00 100 1838 1.000

8750 1.00 1963 1.000 87.50 010 1369 1.000 8750 100 1969 1.000

10000 100 2100 1.000 100.00 010 2100 1.000 10000 100 2100 1.000

Rail pressure E
y the gai g
FIDQutlimits ——————————————— Limigs
Minimum % Minimum %
Maximum % Maximum %

Figure 3-22. Feedback Configurations
PGain = Pbasex Perrorx Prail presusre

Igain = 0 if enabled; otherwise, {Ibasex lerrorX Irann pressure}limited

Dgain = 0 if enabled; otherwise (Dbasex DerrorX Dyair pressure)
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Chapter 4.
Control - AUX Acoustic Knock Mitigation

Introduction

The ‘Control - AUX Acoustic Knock Mitigation’ blockset is used to control the mitigation logic for the
acoustic knock that is processed by the LECM Aux board and transmitted on the internal bus to the
LECM main board. Inside the blockset, one block is available as shown below.

2 Simulink Library Browser - O X
a Entersearchterm ~ |8y ~(Bl >~ @ | = @

LESP Model Reference/Control/Knock

> Embedded Coder Ll
Fixed-Point Designer
» Fixed-Point Designer HDL Support
> HDL Coder
> LESP
¥ LESP Model Reference
~ Control
Air Management
Balancing
CRS Rail Pressure
Knock
Speed Control
WLO Fuel Metering Valve
* Functions
Engine Start
Engine State
¥ Sensors
* Input Processing
Dual Fuel
UEGO
> MotoHawk
MaotoHawk Annotations

MatoHawk Flexible Encoder Aux Acoustic Knock Mitigation
MatoHawk FPGA

> MotoHawk OBD Fault Manager
MotoHawk VDO Gauge

% Cirmolink 30 Animation

Figure 4-1. LESP Model Reference ‘AUX Acoustic Knock Mitigation’ Block

e Aux Acoustic Knock Mitigation
This blockset is used to read and process the knock specific data from LECM Aux module and
provides the ability to setup different mitigation logics that can be used in the application. The
mitigation logic inside this blockset is freely configurable/selectable providing the detailed logic for
retarding timing and/or load derating of the engine load, to solve potential knock issues.

Table 4-1. ‘Aux Acoustic Knock Mitigation’ Block

Port DataType Description

[In] Gas Fuel Command [%] Single The gas % substitution rate that is active at that
moment in the application. These fields are used
to enable/disable the mitigation logic.

[In] Demanded Power [W] Single The demanded power that is active at that
moment in the application. These fields are used
to enable/disable the mitigation logic.

[In] Engine Speed [rpm] Single The actual engine speed at that moment in the
application. These fields are used to
enable/disable the mitigation logic.
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Interface

[In] Number Active Cylinders Uint8 The number of active cylinders in the application,
where the knock detection is active. These fields
are used to enable/disable the mitigation logic.

[In] Cylinder 1_8 Knock Ratios | bus The cylinder knock ratios #1 - #8 interface reports

the cylinder knock ratios values for cylinder #1 -
#8 from AUX module to the main module.

AuxKnockRatiolnterfaceBus:
- Status(AuxRxInterfaceStatusBus)
- Data(AuxKnockRatiolnterfaceDataBus)

Status(AuxRxInterfaceStatusBus):
- IsEnabled

- Timeout_ms

- RegionAge_ms

- ConfigurationFault

- TimeoutFault

- DatalinkSelect_enum

Data(AuxKnockRatiolnterfaceDataBus):
- Statuses_enum

- NewSamples

- KnockRatios_pct

- KnockSaturations_pct

- ReferenceSaturations_pct

DatalinkSelect_enum
(lesp_datalink_select_enum):

0 — None
1—CAN_1
2—-CAN_2
3—-CAN_3

4 —-CAN_4
5-CAN_5

6 — CAN_6
7—-CAN 7
8- CAN_8
9-CAN 9

10 - CAN_10
11 -SPI_1
12-SPIl 2
13-SPL_3

14 - SPI 4

15 - RS232_1
16 — RS485 1

17 — Ethernet_1

Statuses_enum (lesp_aux_knock_status_enum):
0 — Valid

1 — Disabled

2 — Oversampled

3 — Undersampled

4 — Window Outside Boundary
5 — Resource Error

6 — Encoder Schedule Error

7 — Channel Overlap

8 — System Not Initialized

9 — Shared Buffer Unavailable
10 — Sensor Failed
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11 — No Sync Detected
12 — Interface Error/Not Available

[In] Cylinder 9_16 Knock Ratios
Interface

bus

The cylinder knock ratios #9 - #16 interface
reports the cylinder knock ratios values for
cylinder #9 - #16 from the AUX module to the
main module

AuxKnockRatiolnterfaceBus:
- Status(AuxRxInterfaceStatusBus)
- Data(AuxKnockRatiolnterfaceDataBus)

Status(AuxRxInterfaceStatusBus):
- IsEnabled

- Timeout_ms

- RegionAge_ms

- ConfigurationFault

- TimeoutFault

- DatalinkSelect_enum

Data(AuxKnockRatiolnterfaceDataBus):
- Statuses_enum

- NewSamples

- KnockRatios_pct

- KnockSaturations_pct

- ReferenceSaturations_pct

DatalinkSelect_enum
(lesp_datalink_select_enum):

0 — None
1—CAN_1
2—-CAN_2
3-CAN_3

4 —-CAN_4
5-CAN_5

6 — CAN_6
7—-CAN 7
8- CAN_ 8
9-CAN 9

10 - CAN_10
11 -SPI_1
12-SPl 2
13-SPIL_3

14 - SPI 4

15 - RS232_1
16 — RS485 1

17 — Ethernet_1

Statuses_enum (lesp_aux_knock_status_enum):
0 — Valid

1 — Disabled

2 — Oversampled

3 — Undersampled

4 — Window Outside Boundary
5 — Resource Error

6 — Encoder Schedule Error

7 — Channel Overlap

8 — System Not Initialized

9 — Shared Buffer Unavailable
10 — Sensor Failed
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11 — No Sync Detected
12 — Interface Error/Not Available

[In] Cylinder 17_24 Knock
Ratios Interface

bus

The cylinder knock ratios #17 - #24 interface
reports the cylinder knock ratios values for
cylinder #17 - #24 from the AUX module to the
main module.

AuxKnockRatiolnterfaceBus:
- Status(AuxRxInterfaceStatusBus)
- Data(AuxKnockRatiolnterfaceDataBus)

Status(AuxRxInterfaceStatusBus):
- IsEnabled

- Timeout_ms

- RegionAge_ms

- ConfigurationFault

- TimeoutFault

- DatalinkSelect_enum

Data(AuxKnockRatiolnterfaceDataBus):
- Statuses_enum

- NewSamples

- KnockRatios_pct

- KnockSaturations_pct

- ReferenceSaturations_pct

DatalinkSelect_enum
(lesp_datalink_select_enum):

0 — None
1—CAN_1
2—-CAN_2
3-CAN_3

4 —-CAN_4
5-CAN_5

6 — CAN_6
7—-CAN 7
8- CAN_8
9-CAN 9

10 - CAN_10
11 -SPI_1
12-SPIl 2
13-SPL_3

14 - SPI 4

15 - RS232_1
16 — RS485 1

17 — Ethernet_1

Statuses_enum (lesp_aux_knock_status_enum):
0 — Valid

1 — Disabled

2 — Oversampled

3 — Undersampled

4 — Window Outside Boundary
5 — Resource Error

6 — Encoder Schedule Error

7 — Channel Overlap

8 — System Not Initialized

9 — Shared Buffer Unavailable
10 — Sensor Failed
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11 — No Sync Detected
12 — Interface Error/Not Available

[Out] Knock Mitigation Enable

bus

This field provides the feedback if the Knock
Mitigation is active / enabled.

EngineKnock MitigationEnableBus:
- DetectionEnable

- MitigationEnable

- MitigationDiagnosticsEnable

- MitigationRetardEnable_enum

- MitigationDerateEnable_enum

MitigationRetardEnable_enum:
(lesp_engine_knock_timing_retard_enable_enum)
0 — Disabled

1 — Light Knock Only

2 — Heavy Knock Only

3 — Light Or Heavy Knock

MitigationDerateEnable_enum:
(lesp_engine_knock_derate_enable_enum)
0 — Disabled

1 — Light Knock Only

2 — Heavy Knock Only

3 — Light Or Heavy Knock

[Out] Knock Mitigation Cylinder
Control

bus

This field provides the cylinder individual knock
mitigation control signals which can be used for
timing / duration corrections.

EngineKnockMitigationCylinderControlBus

This provides:

- Cylinder Timing Retard_x8degATDC
- Cylinder Derate Request_pct

- MaxCylinderDerateRequest_pct

- MaxDerateCylinder

[Out] Cylinder knock States
[enum] [20]

bus

This field provides the actual status of the
individual cylinders concerning knock states.

Statuses_enum (lesp_aux_knock_status_enum):
0 — Valid

1 — Disabled

2 — Oversampled

3 — Undersampled

4 — Window Outside Boundary

5 — Resource Error

6 — Encoder Schedule Error

7 — Channel Overlap

8 — System Not Initialized

9 — Shared Buffer Unavailable

10 — Sensor Failed

11 — No Sync Detected

12 — Interface Error/Not Available
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Example Model Using the Blocks

Below is a very simple setup using MotoHawk Calibration and MotoHawk Probes blocks to make the
model suitable for building.

[Pal control_knock ¥ [Pl Triggered Subsystem ¥

Figure 4-2. Simple Example Model, Using the Control - Knock Mitigation Block

When compiling, the required files will generate and if the Toolkit required blocks are also added to the
application model, the required SID files will also generate for the Toolkit HMI tool creation.

Default ToolKit Pages

Open a new Toolkit application and select the correctly generated .sid file, as shown below.

Tool Explorer | Components

Parameter Explorer
Device:
Devicel (Control Knock 000)
=]
4 Control

ntro
> [ Knock Mitigation —
I3 Knock

413 Co

Other Components

un
|2 X-Y Chart

[Z] Buffered Editing Panel
(%) Help Button

Figure 4-3. SID File Selection Knock Logic
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Below are a few of the Toolkit pages containing most of the defined parameters in the example model.

Of course, the real sensors and data must be attached to complete it for the application that is being
worked on. For that reason, some red X’s appear.

9, Control Knock_toolwtool - Woodward Taolkit

View  Settings  Tools Control: Knock Mitigation
O3 9 & A L
a1 = A Caams
New  Open  Close  Save Save Design Connect  Disconnect Load Communication ave
S As Mode Application Statistics. falues
Tool Device
Knock Mitigation Enabled
°
Select View
Overview v
Cylinder Knock States EngineD
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 0= NoKnock Knock Derate Request 000 %
KnockStstes | 5 5| 5| 5| s 5 5 s s s s s s s 5 s s 5 s s ight Knock

Derate (%) | 0.0] 00[ 00[ 00] 00[ o0o[ oof oo[ 0o oo 0o oo oo[ oof oo[ o0of oo oo[ oo[ oo

Selected Derate Cylinder #

Timing Trims [degATDC] | 0.00] 0.00] 0.00[ 0.00[ 0.00] 0.00] 0.00] 0.00] 0.00] 0.00[ 0.00] 0.00] 0.00[ 0.00] 0.00[ 0.00[ 0.00] 0.00] 0.00] 0.00]
#LightknockEvents | 0 0 0 0 o o o o o o o o o o o o o o o o6 | Knack - Cylinder Disabled
#Heavy KnockEvents | 0 0o o o o o o o o o o o o o o o o o o o
#Critical KnockEvents | o 0o o o o o o o o o o o o o o o o o o o
148 Interface

€3 15 Enabled

€3 Timeout Active

3 Configuration Error _ Add from AUXModule

Data Age [x] Error sec

Cylinders #1 - #8

Knock Statuses
0= Valid

1= Disabled

2

New sample [&ror] Error| Error| Error| Error| Error] Error] Error

indersampled

status [rror| Error] Error| Error] Ermor| Eror] Eror] Eror

findow Outside Boundary

Kok Ratio e [E3mor| Error] Error| Error] Error| Error] Eror| Eror

Saturations B [ior| Error| Ermor| Error| Eror| Errer| Error| Eror

10

Ret Saturations ps [Crror| Eror] Error| Error| Error| Eror] Error] Eror

11 = No Sync Detected
15 = Interface Error/Not Available

Connected on Ki an Professional HS/H #0 (Channel

9, Control Knock_toolwtool - Woodward Taolkit

View

Settings  Tools

D2oHE A
u — Cus e
New Open Close Save Save Design Connect  Disconnect
b As Mode
Tool

Load
Application

Q
Communication
‘Statistics.

Device

Control: Knock Mitigation

Knock Mitigation Enabled
:

Enable

Select View
Enable

Enable Knock Mitigation
Enable Aux Knock Detection
Enable Knock Diagnostics
KnockMitigationDerateEnable | Light Or Heavy Knock

KnockMitigationRetardEnable | Light Or Heawy Knock

Connected on Ki

an Professional HS/H #0 (Channel

Enable Conditionals

Knock Mitigation Enable Delay
# Cylinders must be  least
Load must be at least

Gas fuel demand must be at least

Speed must be at least

3|s
1] Cylinders
200] kW
0| %

200| RPM
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¥ Control_Knoek toolwtool - Woodward TaolKit

View Settings Toals Control: Knock Mitigation

OD~»2HE A & 2 ™
Ll — L -o
MNew  Open  Close  Save  Save Design Connect  Disconnect Loa Communication
< As e Application Statistics
Tool Device
Select View
Light Knock Thresholds ——————————————————————— Heawy Knock Thresholds ————————————————————  Critical Knock Thresholds
[ Use single level for all cylinders ‘ [ Use single level for all cylinders [ Use single level for all cylinders
Cylinder#1 Light Cyinder 1 Hesvy Grcal Thresholds
Demanded Poner (W) Threshold (%) Demanded Power (W) Threshold (%) Cylinder 1 20 %
10000 | 00 [ 10000 | 600
[ 30000 | 500 [ 30000 | 200 Cylinder 22 70| %
I 50000 | 00 I 50000 | 900 Gytinders3 0] %
Cylinder #2 Light Cylinder 22 Heavy Cylinder#4 ol%
Demanded Poner (W) Threshold (%) Demanded Power (W) Threshold (%)
10000 | 200 [ 10000 | 500 Cylinder 5 0| %
| 3000 | &0 | 3000 | 0o Cylnler s 0] %
| 60000 | 700 | 60000 | %00
Cylinder #3 Light Cylinder #3 Heavy
Demanded Power (W) Threshold (%) Demanded Power (W) Threshold (%)
10000 | 200 [ 10000 | 600
| 30000 | 600 { 30000 | 800
| 60000 | 700 | 60000 | 900
Cylinder #4 Light Cylinder #4 Heavy
Demanded Power (W) Threshold (%) Demanded Power (W) Threshold (%)
10000 | 400 [ 10000 | 600
| 30000 | 600 { 30000 | 800
| 60000 | 700 | 60000 | %00
Cylinder #5 Light Cylinder 25 Heavy
Demanded Power (W) Threshold (%) Demanded Power (W) Threshold (%)
10000 | 200 [ 10000 | 600
| 30000 | 60.0 { 30000 | 800
| 60000 | 700 | 60000 | 900
Cylinder #6 Light Cylinder #6 Heavy
Demanded Power (W) Threshold (%) Demanded Power (W) Threshold (%)
10000 | 200 [ 10000 | 600
| 50.0 | 30000 | 200

Connected or H #0 (Channel

¥ Control_Knock_toolwtool - Woodward TaolKit

View Settings  Tools Control: Knock Mitigation

D "HEBE A & 2 L
u — el L
New  Open  Close  Save  Save Design Connect  Disconnect Loa Communication  “ae
e As Mode Application Statistics alues
Tool Device
Select View
Filtering Before Action Is Taken
# Consecutive Light Knock Events Required 3] samples
# Consecutive Heavy Knack Events Required 0| samples
# Cansecutive Critical Knock Events Required 1] samples
Dewting ———— Timing Adjustment
Step Size 1] % Max Retord 5| degA
Time Base 1]s Retard Return Step Size 05| degca
Max Derate 5/ % Retard Return Time Base 5|s
Return Step Size: 05]% Retard Return Wait Time |s
Return Time Base 5|s Retard Step 1] degta
Return Wait Time 30]s Retard Tme Base 1]s

Connected or H #0 (Channel

Figure 4-4. Examples of Toolkit Pages

In the Toolkit, there are also some diagnostics available, but they are not included in the example model.
The model will need to be updated with the diagnostics as set in the application where they are used.
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Micropilot Timing Adjustment

Critical Knock

Functional Description - Knock Detection and Mitigation Logqic

[ATDC]

measurement will be made in the LECM Knock Module. See manual B35138 LECM Aux Platform Knock
%]

Installation and Operation Manual for details on calibration and configuration of that module. The knock
mitigation is accomplished by adjusting Microplot timing and SOGAYV injection duration on the LECM EID
Module. See manual B35175 Large Engine Control Module (LECM) Platform EID Injection Driver Large
Engine Injection Driver Application Manual for details on configuring the module.

is detected, the timing retards to the max retard. For the timing to advance, the control cannot detect light
or heavy knock for the retard wait time, then the timing will advance at the specified Retard Return Step

Size once every Retard Return Time Base.

Manual 35203V2

Pilot Fuel S0I
Deg Crank
knock Level

The following describes the logic that has been setup for knock detection and mitigation. The knock
When light and heavy knock is detected, the control can retard the Microplot injection timing to delay
combustion and mitigate knock. The timing control retards the timing when light knock is detected at the
specified retard step once every retard time base until the max retard limit is reached. When heavy knock

74

Time [5] s——

Figure 4-5. Example of the Micropilot Mitigation Logic
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Derate Limiting
When light and heavy knock is detected, the control can reduce the fuel limit to the Fuel Limiter Control to
mitigate knock. The derate control reduces the fuel limit when light knock is detected at the specified step
size once every time base until the max derate limit is reached. When heavy knock is detected, the timing
retards to the max retard. For the fuel limit to increase, the control cannot detect light or heavy knock for

the Return Wait Time, then the timing will increase at the specified Return Step Size once every Return
Time Base.

See Toolkit Page Control: Knock Mitigation Knock for control and calibration of the main module.

T T ——

View  Settings  Tools

3.13.0 - Control : Knock Mitigation

2 OHH A = i
\E)WOODWARDD\W“ seaw | see | omw [ son oo [ omes |

6WH20 DF v1.1 [ [~ =
I ENGINE RUNNING | \—v‘ Knock Mitigation Enabled

Select View
outboud e |
DateTime Apr 19, 2021 - 01:37:21 AM
Cylinder Knock States
01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 0=NoKnock 000 %
1 = Light Knock
Knockstates | 5| 3| 5l 5| 3l 5l sl 3 L 5L 8l 5L Sl 5L 5L 3L 5L 3L 3L 5 - Heavy Knock Selected Derate Cylinder 1
390 degC Derate (%1 | 00 00] 00 00] 0o] 0o 0o[ 0o 00| 0o[ oo 0o oo 0o 00] 0o 00 0o] 0o[ 00| 3 = Gritical Knock
= = 4 = Fault
21 s [degATDC1 | 0.00[ 0.00] 0.00] 0.00] 0.00] 0.00] 0.00] 0.00] 0.00] 0.00] 0.00] 0.00] 0.00] 0.00] 0.00] 0.00[ 0.00] 0.00] 0.00[ 0.00] 5 - pisabled

nockEvents | 0] o] o o o o o o o of o o of o o o o o o 0
EncoderState  Full Synchronization

#HeavyKnockivents | 0] 0 0 o o o o o o o o o o o o o o o o 0
Spesd Setpoint 10000 ReM
# Criical KnockEvents | 0 0| o 0o 0 o o o o o o o o o o o o o o o
Speed 10025 RPM
Knock Ratios #1-48 Interface
5212 bar
018 bar
1045 mm3/cyl @ Configuration Eror
554 % Data Age.
207 %
i #1 -
2850 kW Cylinders #1

New Sample 0| 0| 0| 0| 0|

@Fun @ Fuel CutRequest @ Fault Protection e e e
@coci@ck:son Oesizn Knock Ratio [3] 3] 2| 35 15 2|
arr Saturations [3] 0 0 0 0| 0|

Ret Saturationspg [ 0] 0] 0| 0] 0

@ BackToLow Idle

@ Keep Rated Speed

Lan

Connected on Kvaser USBean Professional HS/H #0 (Channel 0) | B Details. ‘

Figure 4-6. Toolkit Page — Control: Knock Mitigation

Configuration
The configuration can be accessed by selecting the configuration button on the Toolkit page 3.13.0 —
Control: Knock Mitigation. Toolkit will open an offline editor window.

Enable Management

Enable Management

Enable Knock Mitigation
Enable &ux Knock Detection
Enable Mitigation Derating
Enable Knock Diagnostics

Enable Mitigation Timing Retard

Figure 4-7. Knock Mitigation Enable Management

Enable Knock Mitigation: Check the box to enable knock mitigation.
Enable Aux Knock Detection: Check the box to enable Aux knock.
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Enable Mitigation Derating: Check the box to enable knock mitigation mode that will generate a fuel
limiter derate command used by the Speed Control - Fuel Demand Limiting system. The configuration of
this function can be found on the Mitigation page.

Enable Knock Diagnostics: Check this box to enable knock diagnostics. The diagnostics configuration
can be found on the Diagnostics page.

Enable Mitigation Timing Retard: Check the box to enable the knock mitigation timing adjustments to
the Microplot timing. The configuration of this function can be found on the Mitigation page.

Enable Conditionals

Knock Mitigation Enable Delay 2| s

# Cylinders must be at least 1| Cylinders
Load must be at least 0| kW

Gas fuel dernand must be at least 0%

Speed must be at least 200 | RPM

Figure 4-8. Knock Mitigation Enable Conditions

The knock mitigation control requires several thresholds to be true prior to enabling the mitigation control
and diagnostics.

Knock Mitigation Enable Delay: Delay time that must expire before knock mitigation actions will be
taken.

# Cylinders Must be at Least: Minimum number of valid knock signals must be greater than this
threshold for the knock migration actions will be taken.

Load Must be at Least: The demanded load must be greater than this threshold for the knock migration
actions will be taken.

Gas Fuel Demand Must be at Least: The % gas substitution must be greater than this threshold for the
knock migration actions to be taken.

Speed Must be at Least: The speed must be greater than this threshold for the knock migration actions
to be taken.

Thresholds
Light Knock Thresholds Heawy Knock Thresholds Critical Knock Thresholds
[¥] Use single level for all cylinders Use single level for all cylinders Use single level for all cylinders

Demanded Power (W) Light Threshald (%) Demanded Power (W)  Heavy Threshold (% Critical Threshold 70| %%
10000
60000

Figure 4-9. Knock Thresholds Setup

o
=IR=Ik=
I=AR=1N=1

[T=AN--RAV)
=AR=1-
==

Use Single Level for All Cylinders: Check the box to enable a single value for all cylinders to be used
for the knock threshold. Unchecking this box will expose thresholds for each cylinder.
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Light Knock
Light knock is defined by many OEMs as a condition where ripples on the combustion pressure trace is
visible and the maximum ripple magnitude is less than the maximum in cylinder pressure.

Heavy Knock

Heavy knock is defined by many OEMs as a condition where ripples on the combustion pressure trace is
visible and the maximum ripple magnitude is the maximum in cylinder pressure, approaching the OEM
defined limit (possibly the limit of the cylinder).

When a knock intensity value is above the Heavy threshold value, the timing will go to the “Maximum
Retard Bias”, if enabled. Separate alarm and shutdown delay timers are configurable.

Critical Knock

Critical knock is defined by many OEMSs as a condition where ripples on a combustion pressure trace are
visible, and the maximum ripple magnitude is the maximum in cylinder pressure, exceeding the
mechanical limit of the engine. As a vibration-based signal, it could also be a large vibration event like a
broken valve rattling around inside a cylinder.

Critical knock is determined by any single measurement of knock exceeding the defined threshold. If any
single measurement exceeds the critical knock threshold, the control will generate a “Shutdown” if
enabled and attempt to stop the unit using the faulted shutdown sequence.

Mitigation
Filtering Before Action Is Taken
# Consecutive Light Knock Events Required 10| samples
# Consecutive Heavy Knock Events Required 5 samples
# Consecutive Critical Knock Events Required 1| samples

Figure 4-10. Knock Mitigation Filtering Setup

# Consecutive Light Knock Events Required: The minimum number of consecutive knock values
exceeding the light knock threshold for the control to increment a knock count, and if configured, indicate
a fault and take Derate or Timing Adjustment actions.

# Consecutive Heavy Knock Events Required: The minimum number of consecutive knock values
exceeding the heavy knock threshold for the control to increment a knock count, and if configured,
indicate a fault and take Derate or Timing Adjustment actions.

# Consecutive Critical Knock Events Required: The minimum number of consecutive knock values
exceeding the critical knock threshold for the control to increment a knock count, and if configured, take
engine shutdown fault action.

Derating
Step Size 1 %
Time Base 1 s
Max Derate 75 %
Return Step Size 5 %
Return Tirne Base 5|s
Return Wait Time 0 s

Figure 4-11. Knock Mitigation Settings
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Maximum Derate: The maximum derate % that can be applied.
Derate Step: Derate step taken when the knock intensity exceeds the “Light Knock Threshold”.
Time Base: Time period between derate steps. Allows time for derate to have effect.

Return Time Base: After the initial “Return Wait Time” expires, this value becomes the interval between
derate return steps. Typically, longer than “Time Base” to create an asymmetric mitigation that reduces
cycling for sustained knocking conditions.

Return Wait Time: Once knock has stopped; the control waits for the “Return Wait Time” minus the
“Return Time Base” before the control starts to return. Typically, 5 to 10 times longer than “Return Time
Base”.

Timing Adjustment

Max Retard 5 degCh
Retard Return Step Size 0.5 degCA
Retard Return Time Base 5 s
Retard Return Wait Time 20| =
Retard Step 1 degCh
Retard Tme Base 1's

Figure 4-12. Knock Mitigation Timing Retard Setup

Max Retard: The maximum timing retard bias that will be applied to the ignition timing.

Retard Step: Timing bias step taken when the knock intensity exceeds the “Light Knock Threshold”.
Time Base: Time period between retard steps. Allows time for retard to have affect.

Return Time Base: After the initial “Return Wait Time” expires, this value becomes the interval between

retard return steps. Typically, longer than “Time Base” to create an asymmetric mitigation reducing
cycling for sustained knocking conditions.

Return Wait Time: Once knock has stopped; the control waits for the “Return Wait Time” minus the

“Return Time Base” before the control starts to return. Typically, 5 to 10 times longer than “Return Time
Base”.

Diagnostics
The diagnostics configuration allows the fault condition and action to be configured in addition to Derate
and Timing Adjustment actions.

Cylinder #1 Light Knock Diagnostics Cylinder #1 Heawy Knock Diagnostics
[C] Active Clear EngineStoppedRequired [C] Active Clear EngineStoppedRequired
Automatically Recover After 0|s Automatically Recover After 0|s
Condition #1 Active e Conditicn #1 Active M
Action #1 None v Action #1 None v
Condition #2 Active hd Condition #2 Active v
Action #2 None Y Action 22 Mone hd
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Cylinder #1 Critical Knock Diagnostics

[C] Active Clear EngineStoppedRequired

Automatically Recowver After 0|s
Condition #1 Active ¥
Action #1 ImmediateShutdown  ~
Condition #2 Active ¥
Action #2 None N

Figure 4-13. Knock Diagnostics Setup
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Chapter 5.
Control — Speed Control

Introduction

The ‘Control — Speed Control’ blockset is used to define the engine speed control logic which can be
used in various applications like Genset, Marine Propulsion, Pump control, etc. Inside the blockset, two
blocks are available as shown below.

25 Simulink Library Browser — o x

LESP Model Reference/Control/Speed Control

Embedded Coder ~
Fixed-Point Designer

Fixed-Point Designer HDL Support
HDL Coder

LESP

LESP Model Reference

ontrol
ir Management
9
ail Pressure
noc
Speed Contral
WLO Fuel Metering Valve
¥ Functions
Engine Start
Engine State
v Sensors
¥ Input Processing
Dual Fuel

<

UEGD
MotoHawk

MotoHawk Annotations
MotoHawk Flexible Encoder
MotoHawk FPGA

MaotoHawk OBD Fault Manager

Dual Fuel Speed Control Speed Control Speed Contral Setpoints
WntnHawk UPO Ganna

Figure 5-1. LESP Model Reference ‘Control — Speed Control’ Blockset

e Speed Control
This block contains the base input and output signals required for the speed control logic.
The J1939 interface signals are included, even as the PID with the correct gain scheduling tables for
each different mode. The base speed control can be used for Genset applications where normally the
discrete inputs, such as Raise, Lower, Idle/Rated, etc. are used. Analog Speed control mode will be
possible as it has two Analog Speed reference inputs available, which normally can be used for ship
propulsion systems. Operating pump drives or fracking trucks will also be possible with the base
Speed Control logic. Switching between the different modes is included in the logic, even as fuel
limiters, power limiters, etc., which are all belonging to the speed control setup.

e Dual Fuel Speed Control
This block is specific for dual fuel speed control but contains mainly the same setup as the base
speed control block. The dual fuel versions have the more extensive dynamics selections that will be
available with for each mode their own gain scheduling. The fuel split logic is a separate item in this
block, which can be set depending on the required substitution rates that will be used in the
application.

e Speed Control Setpoints
The Speed Control Setpoints block is a block that can be used to determine rated speed levels and/or
datalink speed setpoints (J1939...). More details on the blocks can be found in the next chapters.
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Speed Control Block Interface

Figure 5-2. ‘Speed Control’ Block
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Table 5-1. ‘Speed Control’ Block

Port

DataType

Description

[In] RunStop

boolean

Input that requires the RunStop status feedback
in the application.

Run — Engine is ready to run and SpeedControl
will be active.

Stop — Engine will shut down and go into Stop
state.

[In] EmergencyStop

boolean

Input that requires the EmergencyStop status
feedback in the application.

[In] Shutdown

boolean

Input that requires the Shutdown status
feedback in the application.

[In] Fuel Cut Request

boolean

Input that requires the FuelCut Request status
feedback in the application.

FuelCut is mostly used during Load Rejections
to “Fast” drop the fuel amount to zero level.

[In] Engine State
[enum]

uint8

The actual engine state the engine is operating
in at that particular moment. These states
(lesp_engine_state_enum) are defined as
below:

0 — Stopped

1 — Prestart

2 — Starting

3 —Warmup

4 — Running

5 — Cooldown

6 — Stopping

7 — Postrun

[In] Speed Detected

boolean

Input that is required when Speed is detected in
the application.

[In] Instantaneous
Speed [RPM]

single

Instant Speed Sensing (fast) from Encoder logic
inside the application.

[In] Average Speed
[RPM]

single

Average Speed Sensing (medium fast) from
Encoder logic inside the application. Some
average calculation is done on this value.

[In] Cycle Average
Speed [RPM]

single

Cycle Average Speed Sensing (slow) from
Encoder logic inside the application. The Cycle
Average Speed is the speed that is updated
every complete engine cycle.

[In] Average Engine
Acceleration [RPM/s]

single

The Average Engine acceleration that is sensed
by the Speed / Encoder logic in the application.
This value is used to trigger the Fuel Cut
request during load rejections.

[In] Speed Control
Mode [enum]

Uint8

The actual Speed control mode. This can be
internal Speed control mode or external Speed
control mode.

This can be found in the Enumeration feedback
when using the:
lesp_speed_ctrl_mode_select_enum

0 — Internal

1 — External Fuel Demand

(In]
AnalogDigitalDatalink
[enum]

Uint8

The actual AnalogDigital Datalink mode.

This can be found in the Enumeration feedback
when using the:
lesp_speed_ctrl_analog_digital_datalink_select
_enum

0 — Analog

1 — Digital
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2 — Datalink

[In] Speed Setpoints

SpeedControlSetpointsBus

The actual Speed Setpoints.

This can be found in the Enumeration feedback

when using the: SpeedControlSetpointsBus
-ldleSpeedSetpoint RPM
-RatedSpeedSetpoint. RPM
-MaximumSpeedSetpoint RPM
-MinimumAnalogSpeedSetpoint RPM
-MaximumAnalogSpeedSetpoint RPM
-DatalinkSpeedSetpoint RPM

[In] Speed Rate
Setpoints

SpeedControlRateSetpoints
Bus

The actual Speed Rate Setpoints.
This can be found in the Enumeration feedback
when using the:
SpeedControlRateSetpointsBus
-InstantRate_rpmpers
-AccelerationRate_rpmpers
-DecelerationRate_rpmpers
-DigitalRaiseRate_rpmpers
-DigitalLowerRate_rpmpers
-AnalogFastRate_rpmpers
-AnalogNormalRate_rpmpers
-DatalinkRate_rpmpers

[In] IdleRated

boolean

Input that requires the Idle / Rated Selection
status feedback in the application.

[In] Raise Switch
[enum]

Uint8

This is the Raise Speed input when in Digital
Speed control mode.

The enum to look for is the:
lesp_discrete_in_state_enum

0 — Not Used

1 — Inactive

2 — Active

[In] Lower Switch
[enum]

Uint8

This is the Lower Speed input when in Digital
Speed control mode.

The enum to look for is the:
lesp_discrete_in_state_enum

0 — Not Used

1 — Inactive

2 — Active

[In] Local Remote
Switch [enum]

Uint8

This is the Local / Remote input when in Analog
Speed control mode.

The enum to look for is the:
lesp_discrete_in_state_enum

0 — Not Used

1 — Inactive

2 — Active

[In] Accelerator
Backup Switch
[enum]

Uint8

This is the Accelerator Backup input when in
Digital Speed control mode. It will activate
analog mode even when in digital speed control
mode.

The enum to look for is the:
lesp_discrete_in_state_enum

0 — Not Used

1 — Inactive

2 — Active

[In] Droop Switch
[enum]

Uint8

This is the Droop select input when in Analog or
Digital Speed control mode.

The enum to look for is the:
lesp_discrete_in_state _enum
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0 — Not Used

1 — Inactive

2 — Active
[In] Generator boolean Generator Breaker / Clutch position feedback.
Breaker Clutch This is used for e.g. Dynamics selection.
[In] Utility Clutch boolean Utility Breaker / Clutch position feedback. This

is used for e.g. Dynamics selection.

[In] Local Speed
Reference

AnalogSensorBus

For analog Speed Setting mode, this is the
Local Speed Reference selection signal. This
signal is used to set the actual RPM setpoint
when in Analog Speed Control Mode, when
Local signal is selected.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 - Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Local Speed
Reference Failed

boolean

When the Local Speed Reference Signals is
failing, this input must be used to report this.

[In] Remote Speed
Reference

AnalogSensorBus

For analog Speed Setting mode, this is the
Remote Speed Reference selection signal. This
signal is used to set the actual RPM setpoint
when in Analog Speed Control Mode, when
Remote signal is selected.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 - Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Remote Speed
Reference Failed

boolean

When the Remote Speed Reference Signals is
failing, this input must be used to report this.

[In] Speed Control
Fine Adjustment

AnalogSensorBus

For analog Speed Setting mode, this is the
Speed Control Fine Adjustment selection signal.
This signal is used to set the actual RPM
setpoint when in Analog Speed Control Mode,
when Speed Control Fine Adjustment signal is
selected.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
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0 — Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Speed Control
Synchronizer

AnalogSensorBus

For all Speed Setting modes, this is the Speed
Control Synchronizer. This signal is used to bias
(+/-) the actual RPM setpoint when in Analog or
Digital Speed Control Mode. It is mostly used
for synchronizing the genset to the local bus or
grid.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 — Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Speed Control
Power Input

AnalogSensorBus

For all Speed Setting mode, this is the Power
Input (kW Transducer input). This signal is used
to provide the actual Power delivered, when in
Speed Control Mode.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 — Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Ambient Air
Pressure [kPa]

AnalogSensorBus

Requires the actual Ambient Air Pressure signal
value to be used for internal logic for Fuel
Limiting.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 - Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit
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[In] Ambient Air
Temperature [degC]

AnalogSensorBus

Requires the actual Ambient Air Temperature
signal value to be used for internal logic for Fuel
Limiting.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 — Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Manifold Air
Pressure [kPa]

AnalogSensorBus

Requires the actual Manifold Air Pressure signal
value to be used for internal logic for Fuel
Limiting.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 — Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Manifold Air
Temperature [degC]

AnalogSensorBus

Requires the actual Manifold Air Temperature
signal value to be used for internal logic for Fuel
Limiting.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 - Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Engine Coolant
Temperature [degC]

AnalogSensorBus

Requires the actual Engine Coolant
Temperature signal value to be used for internal
logic for Fuel Limiting.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
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2 — SignalLow

3 — SignalHigh

4 — SensorSupplyFailed

5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Speed Control
Fuel Demand

[mg/cyl]

AnalogSensorBus

Requires the actual Speed Control Fuel
Demand when an external Speed control is
used. (Internal Speed control is off)

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 — Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

SPN5568 Status
[enum]

[In] Back to Low Idle boolean This input must be used when a Back to Low

Fault Action Idle command action is required. When TRUE,
it will activate the Low Idle Speed Setpoint and
is meant to be coming from any of the
diagnostics that needs to drive this action.

[In] Keep Rated boolean This input must be used when a Keep Rated

Speed Fault Action Speed command action is required. When
TRUE, it will keep the Rated Speed Setpoint
and is meant to be coming from any of the
diagnostics that needs to drive this action
(e.g. Breaker Closed, connected to net/grid).

[In] Power limit 1 boolean This input must be used when a Power Limit 1

Fault Action command action is required. When TRUE, it will
activate a power limit function belonging to the
power limit 1 settings from any of the
diagnostics that needs to drive this action.

[In] Power limit 2 boolean This input must be used when a Power Limit 2

Fault Action command action is required. When TRUE, it will
activate a power limit function belonging to the
power limit 2 settings from any of the
diagnostics that needs to drive this action.

[In] Power limit 3 boolean This input must be used when a Power Limit 3

Fault Action command action is required. When TRUE, it will
activate a power limit function belonging to the
power limit 3 settings from any of the
diagnostics that needs to drive this action.

[In] External Derate single This input must be used when an external

Request [%] Derate Request comes from an external device.

[InN] GC1 PGN64915 boolean This input must be used to report any issue

Timeout Active when the GC1 Message (PGN64915) is failing
or is having a timeout.

[In] GC1 PGN64915 single This input must be used from a CAN J1939

SPN5568 (%) signal reporting the PGN64915 SPN 5568
(GC1) to set the Droop Percentage for the
speed control logic.

[InN] GC1 PGN64915 Uint8 This input must be used to report the actual

status of the CAN J1939 PGN64915 SPN 5568
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(GC1) message.

The Enum: lesp_j1939_spn_status_enum:
0 - Valid

1 - Error

2 - Reserved

3 - Not Available

[In] GC2 PGN61470
Timeout Active

boolean

This input must be used to report any issue
when the GC2 Message (PGN61470) is failing
or is having a timeout.

[In] GC2 PGN61470
SPN3938 (%)

single

This input must be used from a CAN J1939
signal reporting the PGN61470 SPN 3938
(GC2) to set the Generator Governing Bias
Signal (+/-) which can be used for
synchronizing, load sharing, or other bias
purposes.

[In] GC2 PGN61470
SPN3938 Status
[enum]

Uint8

This input must be used to report the actual
status of the CAN J1939 PGN61470 SPN 3938
(GC2) message.

The Enum: lesp_j1939_spn_status_enum:

0 - Valid

1 - Error

2 - Reserved

3 - Not Available

[Out] Demanded load
[%]

single

This output defines the required load demand to
keep the speed control under control. It is a
percentage that can be transferred into fuel
amount in the application it is used in.

[Out] Fuel Demand
[mg/cyl]

single

This output defines the required fuel demand to
keep the speed control under control. It is in
mg/cyl. and can be used as actual fuel amount
in the application it is used in.

[Out] Load Dump
Detected

boolean

This output defines if a Load Drop / Dump is
detected. This can be used in the application as
feedforward signal to set engine devices faster
in a correct position instead of waiting for the
control logic to act.

[Out] Derate Request
[%]

single

This output defines the required derate as
commanded from the speed control logic. Not
under all circumstances and automatic derate
can take place as it could result in engine
shutdown / power cut. For those reasons, this
output can be sent to the load management
system to remove load or trip non-essential
users.

[Out] Max Fuel
Limiter Active

boolean

This output confirms if the maximum fuel limiter
is active. Under normal circumstances this
should never happen, but it can indicate that
there is a leak somewhere or another issue is
ongoing on the engine side.

[Out] Near Fuel
Limiter Active

boolean

This output defines if the actual amount of
requested fuel is close to a fuel limiter. This can
be used to indicate Changeable Pitch Propellor
systems, to reduce pitch and prevent the engine
from going down in overload conditions.
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Dual Fuel Speed Control Block Interface

Figure 5-3. ‘Dual Fuel Speed Control’ Block
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Table 5-2. ‘Dual Fuel Speed Control’ Block

Port

DataType

Description

[In] RunStop

boolean

Input that requires the RunStop status feedback
in the application.

Run — Engine is ready to run and SpeedControl
is active.

Stop — Engine will shut down and go into Stop
state.

[In] EmergencyStop

boolean

Input that requires the EmergencyStop status
feedback in the application.

[In] Shutdown

boolean

Input that requires the Shutdown status
feedback in the application.

[In] Fuel Cut Request

boolean

Input that requires the FuelCut Request status
feedback in the application.

FuelCut is mostly used during Load Rejections
to “Fast” drop the fuel amount to zero level.

[In] Dual Fuel
Commands

DualFuelCommand

Input that requires the Dual Fuel Command
input for the application.

Definition: DualFuelCommandBus:
-DieselFuelCommand_mgpercyl
-GasFuelCommand_mgpercyl
-DieselFuelCommand_Pct
-GasFuelCommand_Pct
-LoadTooHighToTransferToDieselMode

Mode [enum]

[In] Engine State uint8 The actual engine state the engine is operating
[enum] in at that particular moment. These states
(lesp_engine_state_enum) are defined as
below:
0 — Stopped
1 — Prestart
2 — Starting
3 — Warmup
4 — Running
5 — Cooldown
6 — Stopping
7 — Postrun
[In] Speed Detected boolean Input that is required when Speed is detected in
the application.
[In] Instantaneous single Instant Speed Sensing (fast) from Encoder logic
Speed [RPM] inside the application.
[In] Average Speed single Average Speed Sensing (medium fast) from
[RPM] Encoder logic inside the application. Some
average calculation is done on this value.
[In] Cycle Average single Cycle Average Speed Sensing (slow) from
Speed [RPM] Encoder logic inside the application. The Cycle
Average Speed is the speed that is updated
every complete engine cycle.
[In] Average Engine single The Average Engine acceleration that is sensed
Acceleration [RPM/s] by the Speed / Encoder logic in the application.
This value is used to trigger the Fuel Cut
request during load rejections.
[In] Speed Control Uint8 The actual Speed Control mode. This can be

internal Speed Control mode or external Speed
Control mode.

This can be found in the Enumeration feedback
when using the:
lesp_speed_ctrl_mode_select_enum

0 — Internal
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1 — External Fuel Demand

(In]
AnalogDigitalDatalink
[enum]

Uint8

The actual AnalogDigital Datalink mode.

This can be found in the Enumeration feedback
when using the:
lesp_speed_ctrl_analog_digital_datalink_select
_enum

0 — Analog
1 — Digital
2 — Datalink

[In] Speed Setpoints

SpeedControlSetpointsBus

The actual Speed Setpoints.

This can be found in the Enumeration feedback

when using the: SpeedControlSetpointsBus
-ldleSpeedSetpoint RPM
-RatedSpeedSetpoint. RPM
-MaximumSpeedSetpoint RPM
-MinimumAnalogSpeedSetpoint RPM
-MaximumAnalogSpeedSetpoint RPM
-DatalinkSpeedSetpoint RPM

[In] Speed Rate
Setpoints

SpeedControlRateSetpoints
Bus

The actual Speed Rate Setpoints.
This can be found in the Enumeration feedback
when using the:
SpeedControlRateSetpointsBus
-InstantRate_rpmpers
-AccelerationRate_rpmpers
-DecelerationRate_rpmpers
-DigitalRaiseRate_rpmpers
-DigitalLowerRate_rpmpers
-AnalogFastRate_rpmpers
-AnalogNormalRate_rpmpers
-DatalinkRate_rpmpers

[In] IdleRated boolean Input that requires the Idle / Rated Selection
status feedback in the application.
[In] Raise Switch Uint8 This is the Raise Speed input when in Digital
[enum] Speed control mode.
The enum to look for is the:
lesp_discrete_in_state_enum
0 — Not Used
1 — Inactive
2 — Active
[In] Lower Switch Uint8 This is the Lower Speed input when in Digital
[enum] Speed control mode.
The enum to look for is the:
lesp_discrete_in_state_enum
0 — Not Used
1 — Inactive
2 — Active
[In] Local Remote Uint8 This is the Local / Remote input when in Analog
Switch [enum] Speed control mode.
The enum to look for is the:
lesp_discrete_in_state_enum
0 — Not Used
1 — Inactive
2 — Active
[In] Accelerator Uint8 This is the Accelerator Backup input when in

Backup Switch

Digital Speed control mode. It will activate

[enum] Analog mode even when in Digital Speed
control mode.
The enum to look for is the:
lesp_discrete_in_state _enum
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0 — Not Used
1 — Inactive
2 — Active

[In] Droop Switch
[enum]

Uint8

This is the Droop select input when in Analog or
Digital Speed control mode.

The enum to look for is the:
lesp_discrete_in_state_enum

0 — Not Used

1 — Inactive

2 — Active

[In] Generator
Breaker Clutch

boolean

Generator Breaker / Clutch position feedback.
This is used for Dynamics selection.

[In] Utility Clutch

boolean

Utility Breaker / Clutch position feedback. This
is used for Dynamics selection.

[In] Local Speed
Reference

AnalogSensorBus

For analog Speed Setting mode, this is the
Local Speed Reference selection signal. This
signal is used to set the actual RPM setpoint
when in Analog Speed Control Mode and Local
signal is selected.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 - Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Local Speed
Reference Failed

boolean

When the Local Speed Reference signals is
failing, this input must be used to report this.

[In] Remote Speed
Reference

AnalogSensorBus

For analog Speed Setting mode, this is the
Remote Speed Reference selection signal. This
signal is used to set the actual RPM setpoint
when in Analog Speed Control Mode and
Remote signal is selected.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 — Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Remote Speed
Reference Failed

boolean

When the Remote Speed Reference Signals is
failing, this input must be used to report this.

[In] Speed Control
Fine Adjustment

AnalogSensorBus

For analog Speed Setting mode, this is the
Speed Control Fine Adjustment selection signal.
This signal is used to set the actual RPM
setpoint when in Analog Speed Control Mode,
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and Speed Control Fine Adjustment signal is
selected.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 - Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Speed Control
Synchronizer

AnalogSensorBus

For all Speed Setting modes, this is the Speed
Control Synchronizer. This signal is used to bias
(+/-) the actual RPM setpoint when in Analog or
Digital Speed Control Mode. It is mostly used
for synchronizing the genset to the local bus or
grid.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 - Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Speed Control
Power Input

AnalogSensorBus

For all Speed Setting modes, this is the Power
Input (kW Transducer input). This signal is used
to provide the actual power delivered when in
Speed Control Mode.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 - Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Ambient Air
Pressure [kPa]

AnalogSensorBus

Requires the actual Ambient Air Pressure signal
value to be used for internal logic for Fuel
Limiting.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
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(lesp_measurement_status_enum)

0 — Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Ambient Air
Temperature [degC]

AnalogSensorBus

Requires the actual Ambient Air Temperature
signal value to be used for internal logic for Fuel
Limiting.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 - Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Manifold Air
Pressure [kPa]

AnalogSensorBus

Requires the actual Manifold Air Pressure signal
value to be used for internal logic for Fuel
Limiting.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 - Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Manifold Air
Temperature [degC]

AnalogSensorBus

Requires the actual Manifold Air Temperature
signal value to be used for internal logic for Fuel
Limiting.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 — Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Engine Coolant
Temperature [degC]

AnalogSensorBus

Requires the actual Engine Coolant
Temperature signal value to be used for internal
logic for Fuel Limiting.
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Bus Details: AnalogSensorBus:
- FilteredValue
- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 - Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Speed Control
Fuel Demand

[mglcyl]

AnalogSensorBus

Requires the actual Speed Control Fuel
Demand when an external speed control is
used (Internal Speed control is off).

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 - Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Back to Low Idle
Fault Action

boolean

This input must be used when a Back to Low
Idle command action is required. When TRUE,
it will activate the Low Idle Speed Setpoint and
is meant to come from any of the diagnostics
that need to drive this action.

[In] Keep Rated
Speed Fault Action

boolean

This input must be used when a Keep Rated
Speed command action is required. When
TRUE, it will keep the Rated Speed Setpoint
and is meant to come from any of the
diagnostics that need to drive this action
(e.g., breaker closed, connected to net/grid).

[In] Power limit 1
Fault Action

boolean

This input must be used when a Power Limit 1
command action is required. When TRUE, it will
activate a power limit function belonging to the
power limit 1 settings and come from any of the
diagnostics that needs to drive this action.

[In] Power limit 2
Fault Action

boolean

This input must be used when a Power Limit 2
command action is required. When TRUE, it will
activate a power limit function belonging to the
power limit 2 settings and comes from any of
the diagnostics that need to drive this action.

[In] Power limit 3
Fault Action

boolean

This input must be used when a Power Limit 3
command action is required. When TRUE, it will
activate a power limit function belonging to the
power limit 3 settings and comes from any of
the diagnostics that needs to drive this action.

[In] External Derate
Request [%]

single

This input must be used when an external
Derate Request comes in from an external
device.
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[InN] GC1 PGN64915
Timeout Active

boolean

This input must be used to report any issue
when the GC1 Message (PGN64915) is failing
or is having a timeout.

[In] GC1 PGN64915
SPN5568 (%)

single

This input comes from a CAN J1939 signal
reporting the PGN64915 SPN 5568 (GC1) to
set the Droop Percentage for the speed control
logic.

[InN] GC1 PGN64915
SPN5568 Status
[enum]

Uint8

This input must be used to report the actual
status of the CAN J1939 PGN64915 SPN 5568
(GC1) message.

The Enum: lesp_j1939_spn_status_enum:

0 - Valid

1 - Error

2 - Reserved

3 - Not Available

[InN] GC2 PGN61470
Timeout Active

boolean

This input must be used to report any issue
when the GC2 Message (PGN61470) is failing
or is having a timeout.

[In] GC2 PGN61470
SPN3938 (%)

single

This input must be used from a CAN J1939
signal reporting the PGN61470 SPN 3938
(GC2) to set the Generator Governing Bias
Signal (+/-) which can be used for
synchronizing, load sharing, or other bias
purposes.

[In] GC2 PGN61470
SPN3938 Status
[enum]

Uint8

This input must be used to report the actual
status of the CAN J1939 PGN61470 SPN 3938
(GC2) message.

The Enum: lesp_j1939_spn_status_enum:

0 - Valid

1 - Error

2 - Reserved

3 - Not Available

[Out] Demanded load
[%]

single

This output defines the required load demand to
keep the speed control under control. It is a
percentage and can be transferred into fuel
amount for the application it is used in.

[Out] Fuel Demand
[mg/cyl]

single

This output defines the required fuel demand to
keep the speed control under control. It is in
mg/cyl. and can be used as actual fuel amount
in the application it is used in.

[Out] Load Dump
Detected

boolean

This output defines if a Load Drop / Dump is
detected. This can be used in the application as
feedforward signal to set engine devices faster
in a correct position instead of waiting for the
control logic to act.

[Out] Derate Request
[%]

single

This output defines the required derate as
commanded from the speed control logic. Under
no circumstances can an automatic derate take
place as it could result in engine shutdown /
power cut. For those reasons, this output can

be sent to the load management system to
remove load or trip non-essential users.

[Out] Max Fuel
Limiter Active

boolean

This output confirms if the maximum fuel limiter
is active. This should never happen under
normal circumstances, but it can indicate that
there is a leak somewhere or another issue is
ongoing on the engine side.

[Out] Near Fuel
Limiter Active

boolean

This output confirms if the actual amount of
requested fuel is close to a fuel limiter. This can
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be used as indication for Changeable Pitch
Propellor systems, to reduce pitch to prevent
the engine going down under overload
conditions.

Speed Control Setpoints

Figure 5-4. ‘Speed Control Setpoints’ Block

Table 5-3. ‘Speed Control Setpoints’ Block

Port

DataType

Description

[In] Speed Select 1
Switch [enum]

uint8

Speed Select 1 Switch input.

speed setpoint.

The enum to look for is the:
lesp_discrete_in_state_enum
0 — Not Used

1 — Inactive

2 — Active

This input requires the actual status of the

This is used to determine the actual rated

[In] Speed Select 2
Switch [enum]

uint8

Speed Select 2 Switch input.

speed setpoint.

The enum to look for is the:
lesp_discrete_in_state_enum
0 — Not Used

1 — Inactive

2 — Active

This input requires the actual status of the

This is used to determine the actual rated

[In] Datalink Speed
Setpoint [RPM]

Single

This input requires the actual Datalink
Speed Setpoint command. It can be
summed from many other Datalink
setpoints where the application can do
some arbitration.

[Out] Speed Setpoints

SpeedControlSetpointBus

This output provides the actual Speed

Setpoint active at that moment.

This can be found in the Enumeration

feedback when using the:

SpeedControlSetpointsBus
-ldleSpeedSetpoint RPM
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-RatedSpeedSetpoint. RPM
-MaximumSpeedSetpoint RPM
-MinimumAnalogSpeedSetpoint RPM
-MaximumAnalogSpeedSetpoint RPM
-DatalinkSpeedSetpoint RPM
[Out] Rate Setpoints SpeedControlRateSetpointBus | This output provides the actual Rate
Setpoint active at that moment.
This can be found in the Enumeration
feedback when using the:
SpeedControlRateSetpointsBus
-InstantRate_rpmpers
-AccelerationRate_rpmpers
-DecelerationRate_rpmpers
-DigitalRaiseRate_rpmpers
-DigitalLowerRate_rpmpers
-AnalogFastRate_rpmpers
-AnalogNormalRate_rpmpers
-DatalinkRate_rpmpers

Example Model Using the Blocks

The following is a very simple setup using MotoHawk Calibration and MotoHawk Probes blocks to make
the model suitable for building.

i

£}

e = .
1Comment]
AU LS |

SCes

Figure 5-5. Simple Example Model, Using the Control — Speed Control Blocks
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In the above example, only the Dual Fuel Speed Control block is used. The normal Speed Control block
is commented-out in grey but could easily replace the Dual Fuel Speed control block.

When compiling, it will generate the required files and if the Toolkit required blocks are also added to the
application model, it will generate the required SID files for the Toolkit HMI tool creation.

Default ToolKit Pages

Open a new Toolkit application and select the correctly generated .sid file, as shown in the screenshot
below.

&R Design Tools - o x

Tool Explorer =~ Components

Device:
Devicel (Control_Speed_001) -

B 2

Load Dump Detection
Load Jump Detection
Power Limit
> | Speed Reference
peedControlFuelD inal [»]
> Control_Speed
» | SpeedControl Test
b System

A= Label

(%) Navigation Button

[ Static Image

(=) Offline Editor Button
(=) Run Button

|4 X-V Chart

[5] Buffered Editing Panel
() Help Button

Figure 5-6. SID File Selection Control - Speed Logic

The following are a few of the Toolkit pages that will contain most of the defined parameters in the
example model. Of course, the real sensors and data must be attached to complete it for the application
that is being worked on. For that reason, some red X’s appear.
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¥ Control_Speed_Toolwtool - Woodward ToolKit
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eed_Toolwtool - Woodward ToolKit
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Speed Setpoint/Feedback Active Dynamics Primary Diesel vs Gas Dynamics. Mixed Dynamics
Configure Speed Control
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Select View . ! I I ] ] k k - - d | Gas Dynamics Contribution 300 %
CEEREE 0 250 500 750 1000 1250 1500 1750 2000 2% 2500
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-
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Connected on Ky

Woodward 100



Manual 35203V2 Large Engine System Platform: Software Features

eed_Toolwtool - Woodward ToolKit

View  Settings  Tools Speed Control

DeRBHBE AR & [

New  Open Close  Swe  Save Design  Connect  Disconnect Communication
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Connected on Kvaser USBcan Profession:
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Select View
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Woodward 101



Manual 35203V2

Large Engine System Platform: Software Features

eed_Toolwtool - Woodward ToolKit
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¥ Control_Speed_Toolwtool - Woodward ToolKit
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Figure 5-7. Example Toolkit Pages
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Functional Description - Speed Control

The following describes the implementation and supported features of the Speed Control logic in the
standard LECM CRS software. There is a single all-speed governor included in the software that has
been designed to support all speed control functionality for either variable / all speed applications or
stationary applications.

The design of the governor utilizes three key logical sections — a generator state machine, speed setpoint
manager, and a closed loop proportional-integral-derivation (PID) with gain scheduling controller. In
addition to the speed error, the PID strategy also utilizes information from the governor state machine in
order to either hold or reset the P, |, and D terms when commanded. The P, I, and D gains in the PID
controller also contain gain scheduling tables to allow for non-linear responses to speed errors.

Engine Speed Control Overview

The LECM Control System contains all speed governing functionality for engine speed control and engine
power control. Speed settings support two different modes:

1) Analog Speed Setting Mode
For marine use, compressor drive, or other variable speed control applications, engine speed
depends on a target engine speed signal from another device. This can be a combination of a
bridge and/or engine control room, potentiometer at engine side, PLC system, or other analog
speed setting device.

2) Digital Speed Setting Mode
For stationary/genset use, engine speed is normally operated from a fixed working speed
setpoint, denoted as “rated” speed. Digital speed setting inputs, including Idle/ Rated, Raise /
Lower contact inputs, etc., are used to operate the engine in this mode.

Some applications require a combination of both above mentioned speed setting modes. For example,
engines used in a propulsion application where a shaft generator is connected to the gearbox.

For such applications, a mode selection switch can be used to switch between the analog or digital speed
setting modes.

Selection between Isochronous and droop operation is available in both speed setting modes.
Isochronous means that speed is fixed at rated speed level. An additional load sharing device is required
in multiple engine applications if the load needs to be shared between engines. Droop means the engine
speed setpoint will drop x% when load is increasing. Isochronous and droop operations are used in
parallel to grid applications and/or load sharing between engines, for which speed drops are tolerated.
Often these applications have a load management system above the speed control to correct for speed /
frequency deviations (raise/lower commands). Switching between the different modes is “bump-less,”
allowing a smooth transition between speed setpoint changes.

The engine speed control function determines the “required fuel injection quantity” in order to maintain
target engine speed. Maximum engine speed is limited by the speed control function to prevent engine
overspeed. The overspeed detection function is independent from speed control algorithm.
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¥ LECM_CRSwtool - Woodward ToolKit
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Figure 5-8. Speed Control Overview

Analog Speed Setting Mode

When the engine is started in analog speed setting mode, the speed reference will be set to idle speed
setpoint. After the warmup phase is completed, the speed reference will be ramped and follow the
setpoint as set by the analog input. The speed setpoint is set by the local/remote speed reference analog
inputs. The local/remote discrete input is used to select which local/remote speed reference actively
controls the speed setpoint. Changes to setpoints will always ramp to avoid step changes.

When in analog speed setting mode, the idle speed setpoint and maximum speed setpoint are the lower
and upper speed limits. A tunable exists for both acceleration and deceleration rates to prevent sudden
speed setpoint variations.

The analog speed setting is controlled with a deadband controller. The deadband controller utilizes two
deadbands:

a) DB#1--> Inside this range, the deadband is satisfied and no raise/lower commands will be given.
b) DB#2 --> Outside this deadband, an additional output is active (DB2 Exceeded). This is used to
ramp at a faster rate to react more quickly when outside the defined window.

Analog Controller Rate Selection
Deadband #2

Select Fast Rate - Normal Rate TN Select Fast Rate

A SPEED (New vs Current Setpoint) [RPM] Freeze Speed Setpoint/\A SPEED (New vs Current Setpoint) [RPM

Select Max Analog Speed Setpoint Deadband #1 Select Min Analog Speed Setpoint
Analog Controller Speed Setpoint Selection

%

Figure 5-9. Deadband Overview

With errors between DB#1 and DB#2, the 'Analog Speed Change Rate' will be used. Outside DB#2, the
'Analog Speed Change Fast Rate' will be used. The following figure shows the different settings that are
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available when in Analog Speed Setting mode.

* Offline Settings Editor

Speed Reference

Speed Reference Load Setup —
Speed Source Select Speed Contraller —
AverageSpeed h
Power Limit Controller —
Setpoints Analog Speed Reference :I
Fuel Limiting —
Setpoint Settings Analog Speed Reference Settings

Idle Speed Setpoint 500 RPM Analog Speed Setting Deadband #1 1| RPM
Maximum Speed Setpoint 2000 RPM Analog Speed Setting Deadband #2 5| RPM
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M Analog Speed Set t 2000 | RPM .
e e e Datalink Speed Reference
[] Rated Speed Use Speed Select Switches Datalink Speed Reference Settings
Enable Datalink Speed When Speed |s Above (or ol RPM
Rated Speed Setpoint 1500 RPM engine state is running)
Droop
Droop Settings
[C] User Power Input For Droop Command %
Droop Amount 5| %
Synchronizer
Ramp Rates Synchronizer Settings
Ramp Rate Settings [C] Enable Synchronizer
st erses b 10000 | RPM/s [C] Disable Synchronizer If Breaker Clutch Switch Active
Datalink Rate 25| RPM/s
Fine Tune Adjustment Input
Acceleration Rate 30| RPM/s R Tl s
Deceleration Rate 30| RPM/s [C] Enable Speed Fine Tune Adjustment
Digital Lower Rate 10| RPM/s . .
9 GC2 Speed Governing Bias
Digital Raise Rate 10| RPMYs | GC2 Adjustment Settings
Analog Normal Rate 25| RPMIYs Enable GC2 Speed Governing Adjustment
Analeg Fast Rate 50| RPM/s +100% Speed Bias 80| RPM

Generator Breaker Closed Idle Selected Monitor
Generator Breaker Closed Idle Selected Monitor

[] Engine Stop Required To Clear

Automatically Recover After 5
Condition #1 Active ¥
Action #1 Alarm ¥
Condition #2 Active -

oK Close Apply
Figure 5-10. Analog Speed Setting Calibration Values

When digital control is required, even when in analog speed setting mode, the accelerator backup contact
input can be activated, causing the speed reference to freeze its actual setpoint. Once frozen, the raise
and lower contact inputs can be used to modify the speed setpoint. As the accelerator backup contact
input de-activates, the speed reference will be ramped to the actual analog speed reference setpoint that
will be active and commanded. This can be either higher or lower than the actual speed setpoint that is
active at switch-over.

If a failure of the Local/Remote speed reference setpoint is detected while active, the speed setpoint will
freeze at its last known healthy position. By means of the accelerator backup contact input switch, the
raise lower contact inputs can be activated to control the engine again. The setpoint freeze action
normally stays active, until the signal is healthy again and an operator reset command has been issued to
the control. Setup of this behavior can be changed, depending on the action chosen on the failure mode.
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¥ Offine Settings Editor X

Main @ @ Configuration M v
Configuration Diagnostics —

Confiquration
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7000 || Use Last Vel Value (Latching)
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9.000 900
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16.000 1350
17.000 1625
18.000 1575
19.000 1667.5
20000 1800

Figure 5-11. Strategy Selection

Analog Speed Setting Mode Calibration Guide

Start the calibration by connecting the input to either a potentiometer, 4-20 mA source or 0-5 VDC
source according to the control wiring diagram as applicable to your application.

Calibrate the range where the analog speed setting device will be used. Use the table setup to set the

range correctly (0—-100%), so that a fault can also be detected.

¥ Offine settings Editor

Main @ @ Configuration v
Configuration \%[

Configuration
Select Analog
Input

Supply Voltage

AINOT

5V XDCR

Defoult Strategy | Use Last Valid Value (Latching)

FiterTime
Constant o1)s
Initil Defaul Value

0 out@em) Bl RoM
7000 0
2000 25
300 25
400 B
S000 50
G000 525
7000 &5
8000 s
9000 %0
oo [ 025

12000 125 &
o [ s
16000 1350
o | aees
18000 1575
to000 | teens
2000 1300

Min: 0, Max: 300!

Close.

Apply

Figure 5-12. Engineering Unit Setup
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% Offline Settings Editor X

Main @ @ Diagnostics v v
Sensor Diagnostics

Sensor Failed High/Low Fault Delay 0.25
Sensor Failed High Sensor Failed Low

High Threshald 22 Low Threshold 2

[T Engine Stop Required To Clear [7] Engine Stop Required To Clear

Automatically Recover After 0 Automatically Recover After 0

Condition #1 Active M Condition #1 Active

Action #1 Nene - Action #1 PowerLimit3

Condition #2 Active - Condition #2 Active

Action #2 Nene - Action #2 Nene

i oK Cl ppl

Figure 5-13. Diagnostic Setup

Digital Speed Setting Mode

When the engine is started in digital speed setting mode, the speed reference is set to the idle speed

setpoint. After the warmup phase is complete, the idle/rated contact input can be activated (idle/rated

select = 1), the speed reference will accelerate with the acceleration rate to the rated speed reference
setpoint.

When at the rated speed setpoint and idle/rated contact input is deactivated (idle/rated select = 0), the
speed reference will decelerate with the deceleration rate to the idle speed reference setpoint. If a raise
and/or lower command is received during the ramping of the speed reference from idle to rated, or rated
to idle, the automatic ramping with acceleration or deceleration rate is stopped. The commands from the
raise and/or lower contact inputs will be followed with the corresponding raise and lower rates, depending
on which input is active. Toggling the idle/rated contact input again will start the automatic ramping again
(idle/rated select = 0 - idle, idle/rated select = 1 - rated).

When in digital speed setting mode, if the raise contact input is active, the actual speed reference is
increased with the raise rate as long as the contact input remains closed. When in digital speed setting
mode, if the lower contact input is active, the actual speed reference is decreased with the lower rate as
long as the contact input remains closed. In the case where both the raise and lower contact inputs are
set at the same time, only the lower command will be active.

The idle speed is the lowest speed reference setpoint. The rated speed is the setpoint for which the
stationary engine operates. The maximum speed setpoint is an absolute maximum setpoint. This setpoint
must be set lower than the overspeed trip setpoint level and above a level for which full load operation is
possible in case droop is activated.
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Figure 5-14. Digital Speed Setting Calibration Parameters
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Digital Speed Setting Mode Calibration Guide

Set the speed setpoints correctly prior to starting the engine. During commissioning, set the acceleration
and deceleration rates— the engine can follow without less overshoot.

The Rated Speed Reference setpoint can either be set by a separate parameter or can be selected to be
dependent on the status of two speed select switches. The speed select switches could be used as wiring
harness jumpers for engines with different rated speed level applications (50Hz/60Hz usage).

Setpoints
Setpoint Settings
Idle Speed Setpoint RPM
Maximum Speed Setpoint 2000( RPM
Selpoints Minimum Anzlog Speed Setpoint RPM
Setpoint Settings
Maximum Analeg Speed Setpoint 2000( RPM
Idle Speed Setpoint RPM
[¥ Rated Speed Use Speed Select Switches
Maximum Speed Setpoint 2000{ RPM
Minimum Anzlog Speed Setpoint RPM Switch#1  Switch #2
" - 1000| RPM
Maximum Analog Speed Setpoint 2000| RPM [Ulpachve=pi]lipactze

[0] Inactive  [1] Active 1500| RPM
[1] Active [0] Inactive 1200| RPM

" Rated Speed Use Speed Select Switches

Rated Speed Setpoint 1500 RPM
[1] Active [1] Active 1800| RPM

Figure 5-15. Different Rated Speed Setpoint Selection Options

Speed Control Logic

This chapter describes the speed control logic as used in the all-speed governor setup of the LECM CRS
control.

Speed Sensing

The speed sensing logic for the LECM CRS logic is setup with the encoder definitions as is required to
determine the crank angular domain for the fuel injection logic. The encoder definition logic is described in
a separate application note. For the speed control, the actual speed sensing logic is derived from the
encoder signals and is utilized by the speed control logic with three selectable speed sources.

1) Instantaneous Speed
Instantaneous speed is an unfiltered measure of engine speed. It is calculated using the most
recent high resolution measure of the time taken to traverse two encoder teeth. The result is often
noisy as it calculates speed based on short-term data. It is most useful for slow speed conditions
or very rapidly changing speed conditions (like engine startup). At rated speed, this measurement
is often too noisy for speed control purposes and filtering it results in a slower response time than
using AvgRPM or CycleAvgRPM.

2) Average Speed
Average speed is calculated based upon the time taken to traverse adjacent RPM sample points
(TDC angles). It essentially averages the equivalent of the instantaneous speeds reported
throughout the period between the most recent two sample points (TDC angles).

3) Cycle Average Speed
Cycle average speed is calculated using a measured cycle period (accumulation of prior speed
sample point timespans) and updates on each sample point that has been defined for the active
encoder source. It essentially averages all average speed calculations over a full engine cycle
and updates the result to the application at each sample point (TDC angle).
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All speed calculations have a resolution of 1/256 revolutions per
IMPORTANT gttt

Speed calculations may not report correctly while the encoder is not
fully synchronized.

All RPM sample points in the software are equivalent to the user-
defined TDC angles.

All RPM sample points resolve to the closest critical tooth edge. For
example, if the actual TDC angle lies in-between the observed tooth
edges, the next tooth edge will be used as the sample point.

Each of the above options can be selected as active speed input for the speed control logic. Depending
on the application needs, a faster or slower update may be required. Most applications should utilize the
average speed input, as this is a compromise between stability and fast updates.

% Offline Settings Editor
Main

Speed Reference

peed Source Select
AverageSpeed G

InstantanecusSpeed

Sktpoints Analog Speed Reference

AverageSpeed

CyclefverageSpeed Analog Speed Reference Settings
500 RPM Analog Speed Setting Deadband #1

Maximum Speed Setpoint 2000 RPM Analog Speed Setting Deadband #2
Minimum Analog Speed Setpoint 500 RPM Analog Speed Setting Deadband Hysteresis
Maxi Analog Speed Setpoint 2000 | RPM .

s Datalink Speed Reference
Rated Speed Use Speed Select Switches Datalink Speed Reference Settings

Enable Datalink Speed When Speed |s Above (or

Switch #1 Switch #2 engine state is running)
[01 Inactive [0 Inactive 1000 | RPM Droop

Figure 5-16. Speed Source Select Options

The encoder setup has the option to use redundancy. In that way, the speed updates have redundancy
available. In case of an issue with the encoder (signal lost or wrong teeth count), an alarm will be flagged,
and if configured, switching over to the backup encoder will become active. If that is not possible or if both
encoder signals are not healthy, fuel injection will be stopped in the worst case scenario. Actual speed
updates will report as zero since no fuel will be injected in the engine. Good diagnostic setup of the
encoder faults will trigger an immediate shutdown in that case, and the engine will be stopped.

The speed control logic uses the encoder speed feedback as the actual speed signal. Together with the
speed reference setpoint coming either from the digital and/or the analog speed reference logic, these
signals are used on a PID input, as actual and reference input. The output of the PID will be used to
determine the amount of fuel to be injected for each cylinder.

Background:
The PID is a proportional integral derivative control loop.

In general, three things take place in a closed loop control system— measurement, decision, and
action—whenever the system is in automatic.

The measurement section is connected directly to the process (actual speed in this case) and transmits
the variable to be controlled to the control station, usually some distance away. The control station, which
technically includes the controller, allows comparison between the desired control point (set point) and
the measured control point. The amount of the deviation, the rate of the deviation and the duration of the
deviation all predict controller response according to the controller's gain, derivative, and reset settings.
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Proportional control eliminates the cyclic characteristics of the on-off mode. Integral and derivative are
refinements of, and work in conjunction with, proportional control.

Proportional Control:

Setting hand throttle to keep constant speed on straight and level. Proportional control results in a certain
speed as long as the car is not subjected to any load change such as a hill.

If a hand throttle is set to any particular setting, the speed of the car will remain constant as long as the
car remains straight and level. If the car goes up a hill, it will slow down. Of course, going down a hill the
car would gain speed. Proportional response is directly proportional to a process change.

Integral Control:

Cruise control maintains constant speed regardless of hills. Integral (sometimes called reset) provides
additional action to the original proportional response as long as the process variable remains away from
the set point. Integral is a function of the magnitude and duration of the deviation. In this analogy, the
reset response would keep the car speed constant regardless of the terrain. Integral compensates for
process and set point load changes.

Derivative Control:

Accelerating into a high speed lane with merging traffic. Derivative is sometimes called "pre-act" or "rate"
and is very difficult to draw an accurate analogy to because the action takes place only when the process
changes and is directly related to the speed at which the process changes.

Merging into high speed traffic of a freeway from an "on" ramp is no easy task and requires accelerated
correction (temporary overcorrection) in both increasing and decreasing directions. The application of
brakes to fall behind the car in the first continuous lane or passing gear to get ahead of the car in the first
continuous lane is a derivative action.

Proportional response improves the cyclic characteristics of on-off by providing a throttling action or some
portion of the maximum available. It is proportional to the process variable change only.

Integral compensates for load changes either process initiated or set point initiated by adding additional
proportional action until the measured variable and the desired control point (set point) are the same.
Integral action takes place only when a difference (deviation) exists between the set point and the
process measurement. Derivative accelerates (advances) the proportional action based on the speed of
the process change only. It compensates for long transfer lags and reduces overshoot resulting from
large process disturbances. Combinations of proportional, integral, and derivative will provide the type of
process control required.

The LECM CRS-based application software also uses a PID control in order to act on different engine
situations, like load changes, speed jumps, misfires, etc. Actual speed input will be compared with the
speed reference setpoint. The output of the PID is determined as the fuel amount per cylinder. If speed
drops and the error between actual speed and speed reference setpoint increases, the PID output will
start to increase and vice versa. Setting the P, |, and D gains will provide for fast control causing the error
between actual speed and reference to be recovered quickly in a stable manner.

Implementation:
The PID-based speed control logic is fully integrated in the LECM CRS software. The following
screenshots provide an overview of the software implementation.
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Figure 5-17. Speed Control Main Page

Clicking on the above red square button will bring you into the Configuration page of the speed control.

¥ Offine Settings Editor X
Main @ @ Speed Reference A v
Speed Reference Load Setup ~
SRt ﬁ | Speed Controller ~ |
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Power Limit Controller —
Setpoints Analog Speed Reference
Setpoint Settings Analog Speed Reference Settings
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Figure 5-18. Speed Control Configuration

Click “Speed Controller” and a window will open where you can setup the PID configuration related items.
The following is an overview of items that configures parts of the controller:

a) Min and max PID output values - This corresponds with min/max fuel amounts per cylinder
[-Term min and max values
I-Term hold function when PID is not in control
Speed Source Selection
Speed Control Dynamics set selections (max of 3 sets can be setup)

O

D

o0
=
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Figure 5-19. Main Speed Control ltems to Setup
All of these features will determine the behavior of the PID.

On the main page of the Speed Control Toolkit page, you can select the page view. The available options
are shown in the following screenshot.

B - | o | o] | ) G

+— Speed Control Sensing

Configure Spesd Control

Setpoint

Select View
M
Feedback
Crverview i <
L’\‘s 1

Owerview

GenSet State

- Speed Reference
Fuel [ Speed Controller
Fuel Demand Limiting

degC

1|.||I A0
300

200 P 200

Figure 5-20. Select View — Speed Control Page

Each view will display the corresponding selected pages with possible settings to tune while running the
engine.
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i

Figure 5-21. Overview of Possible Pages

For this section, the focus will be on the Speed Controller page. This specific page also has multiple
selections, which will all have their dedicated tunable values.

Select View
Fee
Speed Controller w
«— Back Mext —
Select View

Speed Cortroller Overview

Speed Controller Overview

— Speed Controller Primary Chmamics
Speed Controller Secondany Chynamics
Speed Controller Tertiary Chmamics
Power Limit Controller Overview
Power Limit Cortraller Cymamics

I_E"7i

Figure 5-22. Speed Controller Pages
The Speed Controller Overview page is indicated in the figure above.

The next three pages display the different dynamics settings, providing the tuning options for the gain
scheduling in that particular mode.

Primary dynamics are active when Breaker/Clutch feedback discrete input is open.
Secondary dynamics are active when Breaker/Clutch feedback discrete input is closed.
Tertiary dynamics are active when Breaker/Clutch feedback AND Utility Breaker feedback are closed.
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Figure 5-23. Example of Gain Scheduling Options

There is one generic P, |, and D value available. Each P, I, and D value includes a load and speed error
multiplier factor to gain the value over the entire load and error range. These options make it possible to
increase gains at higher loads, make the gains faster when the error is increasing, and vice versa. All
these values are run time tunable values and must be calibrated during engine commissioning when used
in a certain application. The optimum is reached when the engine response is fast enough, but engine
speed stays stable under all engine operating conditions.

To improve engine performance even further, some more options are available.

Speed Control Load Dump / Load Jump Detection

Some unique features to the speed control strategy are the load dump / load jump detection scheme,
which allows for faster governor fueling response when a load dump is detected (RPM increases rapidly).

Load Dump Detection

A strategy to detect a load dump is employed to help prevent RPM flares once the load from the electric
generator is released from the engine. This strategy essentially works where acceleration of the engine
must be larger than a threshold, and the RPM must be above the RPM setpoint by a threshold. To quickly
remove fuel when a load dump is detected, the PID terms of the speed control PID controller are reset to
zero. Once the load dump detection completes, the speed control PID will take control again and maintain
actual speed at the speed reference setpoint active.

The load dump parameters can be setup in the offline configuration menu of the speed controller, going to
the load selection.
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Figure 5-24. Load Dump Dependent Parameters

Load Jump Detection

Next to the load dump, there is also a load jump detection. This works similar to the load dump, but in the
opposite way. This feature uses the deceleration of the engine in combination with the error between
actual speed and speed reference setpoint. Once these thresholds are recognized, the fuel limiter
(manifold air pressure and torque fuel limiter) can be shifted temporary to allows better acceptance of the
load, without being immediately blocked by the fuel limiter. If this feature is not required, let the
Fuel_Limit_Shift Amount be on 0 mg/cyl.
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Figure 5-25. Load Jump Dependent Parameters
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Engine Acceleration / Deceleration Setup

Both Load Dump and Load Jump are using the engine acceleration / deceleration detection.
The software contains a few parameters to find the optimum setting for detecting these.
These settings can be found in the Toolkit tool as indicated in the figure below.
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Figure 5-26. Acceleration / Deceleration Setup

There are two different selections that can be made to setup the acceleration / deceleration
measurement: (1) TDC Derivate and (2) TDC1 Derivative.

The TDC derivative is measured by the dRPM/dT high resolution calculation, where the
AverageEngineAccelerationFilter constant will help to eliminate too much noise for the signal. More
filtering means slower updates, so an optimum for tuning must be found.

The TDC1 derivative is calculated from TDC to TDC of each cylinder event. Also, the above mentioned
filter settings can be used here to filter out the noise from the signal.
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Functional Description - Fuel Limiters

The following describes the fuel limiter options that are included in the LECM CRS application software.
Fuel limiters are used to protect the engine against over fueling and to prevent black smoke during
several engine operating tasks.

The following fuel limiters are available in the LECM CRS application software:
1) Start Fuel Limiter
2) Torque Fuel Limiter (a.k.a. speed based fuel limiter)
3) MAP Limiter (a.k.a. Manifold Pressure Based Fuel Limiter)
4) Power Limiter
5) Jump Rate Limiter
6) Maximum Fuel Limiter

All fuel limiters are coupled with the PID output value to a so-called “LSS bus”. This is a low signal select
bus that only allows the lowest values feeding that bus to be used as output.
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Figure 5-27. Overview of Fuel Limiters

Start Fuel Limiter
When the engine is started, the available air through the engine is limited, so fuel must also be limited to
prevent black smoke and improve engine starting behavior.

Before the start fuel limiter is active, during the starting phase an additional “fuel limiter” is active. This fuel
volume is setup as a base fuel per cylinder, depending on speed and manifold air temperature. It can be
compensated with an ECT correction. This base fuel setup during starting can be found in the Fuel
Control menu of the application toolkit page.
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% LECM_CRS.wtool - Woodward ToolKit

Main View Tools 3.1.0 - Control : Fuel

Wo WOODWAR D[l [rcmmmem || omms || sconn [ scomen |[ svoen [ commons || son || mann | vccanerr
LECM CRs Revt NN o] o] [ o [ e i [ oo [ [ [ (s [ s | R
Select View
ENGINE STOPPED Configure [ s | - vet- |
— Select View
Mass  ~
DateTime Jun 16, 2019 - 12:19:17 AM
Run Time  0000000,00:37:34
PrefPost Pulse Fuel Contributions
g Stopped Manifeld Air Temperature (degC)
Module Pilot Pulse Fuel Mass 0| mg/eyt
Temperature 334 degC [ -2 20 20 140 200
Pre Pulse Fuel Mass 0| ma/eyl
Input Voltage 240 V = 0 220, 220 220 220, 220
= 75 220 220 220 220 220 Post Pulse Fuel Mass 0| mg/eyl
EncoderState  Zero Speed g 150 220 220 220 220 220
3 Aftertreatment Pulse Fuel Mass o] mg/eyl
Speed Setpoint 0.0 RPM & 225 220 20 20 20 220
300 20 20 220 220 20
Speed 0.0 RPM Base Fuel Per Cylinder (mg/cyl)
Rail Pressure
400.0 b
Setpoint o Engine Coolant  Compensation
Rail Pressure 4964 bar Temp (degC) (ma/oyl)
00
Fuel Demand 0.0 mm3feyl 00
Demanded Load 00 % 04
00
Demanded
o 00 kW 00
@stop @ Fuel CutRequest @ Fault Protection
@ Alarm @ shutdown ks
Immediate
@ Pouer Limit #1 S
@ PowerLimit2 @ Start Interlock
@ Powerlimit=3 @ Back To Low die
Main Pulse
[ ] only @ Keep Rated Speed

Connected on K HS/H #0 (Channel 1)| UE Det

Figure 5-28. Starting Phase Fuel Demand

When the engine mode transitions from starting mode into running mode, the real start fuel limiter will be
active. The parameters to setup the start fuel limiter can be found in the speed controller page,
configuration menu, fuel limiting part.
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Figure 5-29. Fuel Limiters Setup — Start Fuel Limit

The Start Fuel Limiter is a speed based max fuel amount limit, which is a 5 point table with a 5 point
engine coolant temperature correction. The start fuel limiter will stay active until one of the selectable
‘disable modes’ has been reached.

a) PID in Control

b) When Speed Setpoint has been reached
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Either option can be selected from the same Start Fuel Limit configuration page. When the PID in Control
option is selected, the start fuel limiter will be switched off when the PID control has full control of the
engine speed and the fuel amount commanded to the engine is below the start fuel limit value.

If the Speed Setpoint option is selected to disable the start fuel limit, another option will become available.

Starting Limit

Start Fuel Limit Dizable Condition | Speed Setpoint IS |

Disable When Speed |s Greater Than Fraction Of Rated Speed Setpoint
05

Figure 5-30. Speed Setpoint Dependent Switch Off

The Speed Setpoint is related to the active Rated Speed Setpoint. If, for example, rated speed is 1500
rpm, but we want the start fuel limit to be switched off at 350 rpm, we must set the multiplier to 350/1500
= 23.33%. When the actual speed reaches this value, the start fuel limit will be switched off and the PID
must take over from that point.

Torque Fuel Limit / Speed Based Fuel Limiter
This fuel limiter is a speed based fuel limiter and can be set from the same menu as the start fuel limiter.
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Figure 5-31. Torque Fuel Limiter

If an engine is used in a variable speed application, like ship propulsion or compressor, this limiter is used
to protect the engine against over torque situations. An engine is designed to deliver the max torque /
power at a certain speed. Deviating from that speed will have an impact on the max torque/power the
engine can deliver. This torque fuel limiter is meant to protect the engine against over-torque in this
situation.

The torque fuel limiter has ambient air and ambient temperature as compensation factors, so the torque
limit line can be reduced for higher altitudes or when the environment the engine operates in is cold. This
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is a multiplier factor for the defined torque curve, so leaving this multiplier to 1 disables the ambient
related factors. The torque fuel limit will be active during engine running state. In addition, this limiter
feeds into the previously mentioned LSS bus, where all limiters are coupled together.

MAP Fuel Limit / Manifold Air Pressure Fuel Limiter
This fuel limiter is a manifold air pressure based fuel limiter and can be set from the same menu as the
previously mentioned fuel limiters.
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Figure 5-32. Manifold Air Pressure Fuel Limiter

This limiter is meant to limit the maximum fuel amount at a given manifold air pressure value. It can be
used on stationary applications and/or variable speed applications. In variable speed applications, this
limiter can cause issues as the manifold air pressure build up will take time while load is increasing.

The limiter is meant to be used to prevent over-fueling of the engine, causing black smoke and/or bad
engine response. The MAP limiter can be compensated by the Manifold Air Temperature. This is a
multiplication factor for the limiter based on the actual manifold air temperature. In addition, this limiter is
coupled to the LSS bus as previously mentioned.

Maximum Fuel Limit

This fuel limiter is an absolute maximum allowed fuel limiter. No more fuel than this limiter allows will be
injected into the engine. It can be setup from the same configuration page as the previously mentioned
fuel limiters. The maximum fuel limiter is the absolute maximum fuel amount allowed to the engine and
also feeds the same LSS bus as previously mentioned.
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Figure 5-33. Maximum Fuel Limiter

Power Limiter

The Power Limit Controller reduces engine power to various calibrate able levels when critical faults are
active. Which faults engage the Power Limit Controller is set via calibration in the Fault Manager by tying
a fault to a Power Limit Level fault action. There are four power limit levels. The actual power limit
corresponding to these levels is set by calibration. When engaged, the controller reduces PowerLimitFPC
until the current operating power level of the engine is equal to or less than the calibrated threshold. This
reduction in power is achieved by a feedback PID controller, where the output FPC is the minimum of
either FPC or Power Limiter FPC. It is critical to calibrate the FPC to the torque conversion table such that
engine power can be estimated for the Power Limiter.

The Power Limiter can be setup to either be active internally in the software or externally. There are
situations where you do not want to power limit the engine automatically, such as a genset running in
island mode for example. Derate would result in lowering the frequency, which is undesired. In those
cases, the external selection of the power limiter must be activated, so a power management system can
decide to trip non preferred consumers before lowering the load. An analogue output is available to
indicate the derate level in that case.

The Power Limit can be setup in the Speed Controller configuration page, under the Power Limit
Controller section.
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Figure 5-34. Power Limit Parameter Setup

Three different power limits can be setup and the dynamic behavior of this must be tuned with another set
of P, I, and D values. These P, I, and D values are gain values which are multiplied again with an error
dependent correction factor. Tuning these values can be done in the Speed Controller main page,
selecting the Power Limit Controller Dynamics.
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Figure 5-35. Power Limit Dynamics Tuning Option

Jump Rate Limiter
The Jump Rate limiter is a feature to prevent worsening engine performance due to overfuelling of the
engine (shortage of air due to turbo lag). The Jump Rate limiter allows an instant jump in fuel demand
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increase, whereafter it starts ramping up till engine speed gets in control again. In this way, more
overfuelling is prevented and engine recovery will be improved. Settings for this Jump Rate limiter can be

set in Toolkit from the Speed Control Page. Leaving the Enable_JumpRate selection unchecked will
disable this feature.
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Figure 5-36. Jump Rate Limiter Settings
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If multiple fuel limiters will be active at the same time, the following priority will be active, starting with the
highest priority:

-_—

Start Fuel Limiter

Torque Fuel Limiter (a.k.a. Speed Based Fuel Limiter)
MAP Limiter (a.k.a. Manifold Pressure Based Fuel Limiter)
Power Limiter

Jump Rate Limiter

Maximum Fuel Limiter

N

a b W
NSNS BN NSNS

D

Near Fuel Limit Notification

When the fuel demand is getting closer to a fuel limit value, there is a Near Fuel Limit Notification that can
be setup to indicate that the engine is close to its maximum load at that certain engine performance point.
This could be used as feedback to a load controller, or on board of a ship to the ship propellor pitch
adjustment system to indicate maximum load reached position.
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Demanded
Foar 00 kW e 10000 He 10 Actve HightLowSelect | Active-High 10 Active High/LowSelect | Active-High S| 10 Active High/Low Select Active-High ~
@stop @ Fuel CutRequest @ Pl Prtection ) Assert Al s Active (9] Assert f Al s Active Ve ol T et
@ Aam @shutdonn @ i 10 Mapping 505
@ouerlimite1 @'Tmedite 9] Assrt I Shutdown s Active 9] Assrt I Shutdow s Active 10 Acive High/LowSelect [ Actve-High -
S
AssetWhen Fuel s Wihin ol maret
@Foverlimitz @ Statnerock 7] Assrt I trinterock s Active 9] Assrt I trtinterock s Actve A /e
@PowerLimitsl @ BackTo Lowldie ] Assert If BackToL owldle s Active. [9) Assert I BackToLowidle Is Active
Mainpuse
o @ Keep Rated Speed (&1 [F)
(] Assert If Powerlimit1 Is Active. [¥] Assert If Powerlimit1 Is Active.
Digital Mode
A 9] Asert I Powertimi2 s Active
‘Speed Control = 2
Setpoint Py e ] Assert If PowerLimit3 s Act 7] Asset If PowerLimit3 s Active

on Kvaser USBcan Professional HS/H #0 (Chanel 0)| 4 Detais.. |

Figure 5-37. Near Fuel limit Notification

The notification can be configured to any of the available outputs of the LECM hardware and will energize
when the conditions are met.

How fast this indication is set can be adjusted with the parameter: Assert When Fuel Is Within This Value
Of Max Limit [mg/cyl]. Making this bigger will turn on the notification output earlier than when this value is
smaller. The Notification Output stays activated until the fuel demand is lower than the above mentioned
parameter from the lowest fuel limit value.
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J1939 / Modbus Speed Control Options

The following describes the implementation and features of the speed control options that are supported
on J1939 and Modbus communication. The following chapters will describe each protocol in detail.

ModBus Speed Control Options

The LECM CRS application software does support Modbus communication, which is available on the
Ethernet TCP/IP port or on serial RS-485 port (optional). The ModBus list is customer specific for each
application. The ModBus writes need to be activated before they will be active. Activating them and
allowing to have action is done on the Toolkit Datalink Page.

% LECM_CRS.wtool - Woodward ToolKit

Main View Tools 7.0.0 - Datalink : Qverview

% WOODWARD 1 -Configuration 2 -Sensing 3. Control 4. Adtuation 5. System 6 - Diagnostics 7. Da nk Save & Reboot CHECK RUNSTOP
L)
LEch CR Revt NN (5551 651 i e i i [ G [ 5 ) 0 S e |
Configure Outgoing f i
| ENGINE STOPPED | Configure Modbus m Configure 11933 ‘ ‘ e ‘ Quick Links
71039 on CANT Aux Module #1 —
Dashboard
- @ iz Enabled EID Module #1 —
DateTime Jun 16, 2019 - 01:26:50 PM
Run Time  0000000.00:37:34
@ DIVI13 Stop Broadcast Active o ——
EngineState  Stopped
Temperature il £=3

Claimed Address 0

Input Voltage 240V
Claim State: Claim Sueccessful
EncoderState  Zero Speed

Speed Setpoint 0.0 RPM
Speed 00 RPM
Rail Pressure

S 4000 bar

Rail Pressure 497.0 bar
Fuel Demand 0.0 mm3/eyl
Demanded Load 00 %
Demanded w0 [0
Power

@stop @ Fuel CutRequest (@ Fault Protection

@ Alarm @ shutdown
Immediate

#
@PowerLimite1 - @ e

@ PowerLimit#2 @ Start Interlock

@ PowerLimit#3 @) Back To Low Idle

@ VainPulse

only @ Keep Rated Speed

Digital Mode

Speed Control

Setooint YY)

Connected on Kvaser USBcan Professional HS/H #0 (Channel 1)| YE Details... ‘

Figure 5-38. ModBus Configuration

Pushing the button will open an offline configuration page, where the ModBus writes can be activated /
allowed. Not enabling will block the write commands, to prevent unwanted actions taken by ModBus
commands.
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% Offline Settings Editor

Configure

Modbus Cenfigurations —————————————————
[&] Write Enable h ‘

Maodbus Write Timeouts ————————————————————  DefaultValue —————  Include In Write Timeout Fﬁl
Active Faults Reset 1000 ms ] [l
Stored Faults Reset 1000 ms ] [l
RunStop 1000 ms O £
Fast Stop 1000 ms O £
Speed Setpoint Enable 1000 ms ] [l
Speed Setpoint 1000 ms 0 RPM £
Modbus Write Timeout Fault

[C] Engine Stop Required To Clear
Automatically

Recover After v
Condition #1 Active M
Action #1 None M
Condition #2 Active M
Action #2 None M

0K Close Apply

Figure 5-39. ModBus Configuration

If the timeouts exceed the specified timeouts times, the Modbus writes will no longer be active and a Fault
will be reported.
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J1939 Speed Control Options

The LECM CRS application software supports J1939 CAN communication, which is available on the CAN
port#1 of the LECM. All transmission and reception of messages can be globally disabled to deactivate
the protocol. Differences may exist in application-specific variants.

In this chapter, only the J1939 messages related to speed control will be described.
The following messages are supported in the LECM CRS application software:

- TSC1 = The TSC1 (Torque/Speed Control 1) message is used to control the
speed reference setpoint via J1939.

- GC1 = The GC1 (Generator Control 1) message is used to control the speed
reference droop % and idle/rated select via J1939.

- GC2 = The GC2 (Generator Control 2) message is used to control the speed
reference bias via J1939.

- ACS = The ACS (AC Switching Device Status) message is used to

communicate various status of breakers (Generator- / Utility Breaker)
-  GTACP = The GTACP (Generator Total AC Power) message is used to
communicate generator power readings.

To activate / inactivate these messages, the offline settings editor on the Datalink page of toolkit can be
used.

% LECM_CRS.wtool - Woodward ToolKit

Main View Settings Tools 7.0.0 - Datalink : Overview
WOODWAR D[l [cmsmton || 25mms || 2 comter || s actotin || 5 smtom || 6 omgroics || 7 ooars || sweamemont | coecxmmeror
4
LECM CRS Revt N [on | (o | ] o] (5] om0 o [ (5 [ i ] s oo | R
Configure Outgoing H H
| P | [ commmme [ e[ g | Quick Links
DateTime Jun 16, 2019 - 12:41:13 AM

@ Txls Enabled Modbus Writes —
Run Time ~ 0000000,00:37:34

@ DM13 Stop Broadcast Active
Speed Control I =
EngineState  Stopped | pesd Control Messages |
Module degC .DMGSUSPEHdA((NE Auxiliary Messages —
Temperature 344 deg
Claimed Address ]
Input Voltage 240V

Claim State Claim Successful

Encoder State  Zero Speed B
Speed Setpoint 00 REM

Speed 00 RPM

Bl 00 o

Rail Pressure 4966 bar

Fuel Demand 00 mm3feyl

Demanded Load 00 %

Demanded o0 [

Power
@stop @ Fuel CutRequest @ Fault Protection
) Alarm @ Shutdown
Immediate
&
@rovwerlimitzl @ S
@ PoverLimite @ Start Interlock

@ Powerlimits3 @ Back To Lowldle

Main Pulse
[ ] only @ Keep Rated Speed

Ninital Mada
Connected on Kvaser USBcan Professional HS/H #0 (Channel 1) | "8 Details. ‘

Figure 5-40. Speed Control Messages
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¥ LECM_CRswtool - Woodward Toolkit

Mg WOODWAR DD [ -contouraton || 2-sensng || s-conor | [ acnctmton |[s-spten || -omanosis || 7-ostame || smemnebast | corcxnonsror
Save Runtime Values
LECM CRS Revi SN B e |
| CEI ST | Configure Messag ‘l A—
TSCT (PGNO) GC2 (PGN61470) GC1 (PGNB4915) heoncedcontiol
Dashboard @ Timeout @ Timeout @ Timeout
DateTime Jun 16, 2019 - O1:16:08 PM
Data Age 0ms | Datage 0 ms | DatoAge 0 ms
Run Time 0000000.00:37:34
Date e 0 ms | DetaRate T ms | DateRate 0 ms
Engine State Stopped
Mo = Receptions 159934 = Receptions 159805 = Receptions 159005
L 370 degt
emperature
Data Data Data
Input Voktage 20 v ontrol Mode
P Conrlede Goverring s Stus ot n—— i
Encoder State. Zero Speed
ContiolMode  Disabled Governing Bas 000 % | Droop 000 %
Speed Setpoint 00 RPM
& & STzt Valid Speed Command Status  Valid
Speed 00 Rem
e Speed Setpoint 1500000 RPM Speed Command TakeNoAction
Setpoint 4000 e
Rail Pressure 970 bar
Erd ] 00 mma/eyl ACS (PGNE4913) GTACP (PGN65029)
@ Timeout @ Timeout
Demanded Load 00 %
Data Age 0 ms | Datange 10 ms
Pomar ! 00 kW o o
Data Rate 120 ms. Data Rate 120 ms.
Stop @ Fuel Cut Request @ Faut Protection
Qsr @ i ° # Receptions. 91 # Receptions 79825
Alarm Shutdown
o . Data Data
Immediate
@overtimits @I s [ e [
@ PowerLimit 22 @ Start Interlock Generator Circuit Breaker NotAvailable Generator Total Real Power 0000 W
@ PoverLimit 23 @ Back To Low ldle Utiity Circuit Breaker Status NotAvailable
Main Pulse
ol @ Kecp Roted Speed Uty Gt Breaker Notavaiable
Digital Mode
Speed Control

% Offline Settings Editor

Configure

TSC1 (PGMO) GC2 (PGNG1470)

Enabled Enabled

Timeout 140 | ms Timeout 140 ms

Source Address Filter Mo Filter ¥ Source Address Filter Mo Filter v
ACS (PGNB4313) GTACP (PGM65022) GC1 (PGNB4S15)

Enabled Enabled Enabled

Timeout 440 ms Timeout 220 ms Timeout 220 ms

Source Address Filter No Filter - Source Address Filter Mo Filter - Source Address Filter Me Filter -

L
oK Close Apply

I
Figure 5-42. Enable/Disable Messages

If the messages are enabled, the diagnostics will also be active. The diagnostics can be setup in the
configure page also.

W Offine Settings Editor

Main
TSC1 (PGND) Timeout Fautt
["] Engine Stop Required To Clear

Diagnostics

GC2 (PGN61470) Timeout Fautt
[ Engine Stop Required To Clear

— Configuration

Automatically Recover After

[ Automatically Recover After 0
Condition #1 Active v Condition #1 Active
Action #1 None - Action #1 None -
Condition #2 Active ~ Condition #2 Active
Action #2 None - Action #2 None -
ACS (PGN54913) Timeout Fault GTACP (PGN65029) Timeout Fault GC1 (PGNG64915) Timeout Fault
[C] Engine Stop Required To Clear [ Engine Stop Required To Clear [ Engine Stop Required To Clear
Automatically Recover After o Automatically Recover After o Automatically Recover After 0
Condition #1 Active ~ Condition #1 Active Condition #1 Active -
Action 1 Nene ~ Action #] Nene ~ Action #] Nene v
Condition #2 Active v Condition #2 Active Condition #2 Active v
Action #2 None - Action #2 None Action #2 None ~
B
oK Close

Apply

Figure 5-43. Speed Control Messages Diagnostics Setup

Woodward

130



Manual 35203V2 Large Engine System Platform: Software Features

Each fault can be set to its own action. In addition, the option to clear the faults at stopped engine only
can be set.

The details on the messages are defined as:

. TSC1

TSC1(PGND)
@ Timeout
Diata Age 50 ms
Data Rate 110 ms
# Receptions 6340
Data
Qaese v
Control Mode Disabled
Speed Setpoint Valid

Speed Setpoint 1500.000 RPM
Figure 5-44. TSC1 Details
e GC1

GC1 (PGNB4315)
@ Timeout
[Ciata Age 100 ms
Data Rate 110 ms
# Receptions 7162

Data

Droop Status Walid

Droop 0.000 %

Figure 5-45. GC1 Details
e GC2

GC2 (PGNE1470)
@ Timeout
Data Age 60 ms
Data Rate 110 ms
# Receptions 7325
Data
Governing Bias Status Walid

Governing Bias 0.000 %

Figure 5-46. GC2 Details
e ACS

ACS (PGN64313)
@ Timeout
Data Age 20 ms
Data Rate 100 ms
# Receptions Te17
Data

Generator .
Circuit Breaker Nothvailable

Ly ETert Notlwailable

Figure 5-47. ACS Details

Woodward 131



Manual 35203V2

Large Engine System Platform: Software Features

e GTACP
GTACP (PGNEE02T)

.- Timeout

Data Age
Data Rate
# Receptions

Diata

Generator Total Real
Power Status

Generator Total Real
Poverer

Figure 5-48.

30 ms

110 ms

7801

Motiyailable

0.000 W

GTACP Details
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External Speed Control Option

The following describes the setup of the LECM CRS software to utilize an external speed control instead
of the build-in all-speed governor. Reasons for using external speed control can be an extension to an
already installed engine base, where the same speed control must be used to match the existing engines.

Configuration

To setup the LECM CRS software to external speed control mode, the other speed control must be able
to be configured to output either a 4-20 mA or 0-5V Fuel Demand Signal. Most Woodward speed controls
support a 0-200 mA actuator output, which normally is used as the actuator output signal. This command
normally sets the fuel rack to the requested fuel amount position. When using this signal as fuel demand
input for the LECM CRS application software, a 25 Ohm resistor can be used to convert the signal to 0-
5V. Note that the resistor power rating must be sufficient.

On the Toolkit Engine Configuration page, select the Configure mode button.

% LECM_CRS:wtool - Woodward ToolKit

Main  View Tools 1.1.0 - Configuration : Engine

& w 0 0 D wA R D D 1 -Configuration 2 -Sensing 3- Control 4 - Actuation 5- System 6 - Diagnostics 7- Datalink ‘ Save & Reboot ‘ 'CHECK RUNSTOP
LECM CRs Rev1 [NESSINN = | [ [ e e e e | ceven
Fiing Intervals
coni ' N
ENGINE STOPPED | | onfloure Cylinder Configuration {deg)
Fnmgoraer | 1] 11 5| 9 3 12 6 ¢ 2010 4 7 0 o o o o o of o o 10 |ecmiseemgumen

Dashboard

DateTime Jun 16, 2019 - 01:25:51 PM ocangtery [0 60] 20] 120/ 240] 300] 350 420] ae0f 340 sonf6co o of o of o of o] o [ SARRGIEHEEsEORIEABNRE e

ateTime  Jun 16, 2013 - 01:29:

Cylinder  TDC Angle Mapping (Read Only) Cylinder Confiquration Overspeed

Run Ti (0000000.00:37:34

un Time 01 02 03 04 05 06 07 08 0910 11 12 13 14 15 16 17 18 19 20 g \alid @ Overspecd Warning
e - of 430] 240] 600] 120] 360] 660] 420] 10] 540] 60[300] o] 0] 0] o] 0] 0] 0] 0

Mgd I i # Cylinders 12 @ Overspeed Shutdown

odule

Tempersture 369 BIe5C

I it Volt: 240 Vv

PR Time In State 9820 5

Encoder State Zero Speed

MRS Total Time In State 1441 hrs

Speed Setpoint 00 RPM @ PrestrtSkipped

Speed 00 RPM Prestart Postrur

B Prestart Inhibitors LubeOilPressurelow

Rail Pressure

Setpoint 4000 Joay

Rail Pressure 4969 bar ek P

Fuel Demand 00 mma/eyl

Demanded Load 00 %

st s

Demanded oI ring > Pring

Power Wamup ScalShutdoun

@top @ Fuel CutRequest (@) Fault Protection

@ Atarm @ shutdoun St Complete Runring stlfshotdoun Cooldown Compiece

Immediate ‘
= otred un

@ Power Limit 51 .Shumwn 1, e

@PonerLimitz2 @ Start Iterisck . . oo

@ PowerLimit#3 @ Back ToLow Idle

Y 'L‘]":“;‘ B @ Keep Rated Speed \\W

Warmu e e
Digital Mode

Speed Control

oot 00 com

Cannacted on Kvaser USBcan Professional HS/H #0 (Channel 1) ‘ W Details... ‘

Figure 5-49. Engine Configuration Mode

This opens a page where you can select between internal and external speed control.
Once the selection is made, a save and reboot of the LECM is required as this is a configuration
parameter that will be initialized on reboot only.
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% Offline Settings Editor

(9 > Control Mode

Engine State — |

Speed Control Operation Mode - |

| Engine Diagnostics — |

Internal k
External Fuel Demand

xsrner=—vzemvemal AllSpeed Governor

External Fuel Demand = Use External Speed Control Fuel Demand

IMPORTANT: A save/control reset operation must occur before this
setting change will take place.

QK Close Apply

Figure 5-50. Engine Control Mode Selection

Once the save and reboot is completed, the fuel demand signal needs to be defined.
On the Sensing Overview page, there is a selection button named Fuel Demand.

% LECM_CRS.wtool - Woodward ToolKit

20 5o O
W, woopbwARD [l [ s || . s \ [—

LEC CRs Revt NN 5 o ] o [ e [ 5 5 oo

Manifold Air Prassure Ambient Air Pressure. Crankease Pressure Lube Ol Filter Outlet Press... |Lube Oil Filter Inlet Prassure " 1tNe Quick Links
ENGINE STOPPED | @ Key Switch
Manifold —
Dashboard @ Funsiop
Amblent Air —
DateTime Jun 16, 2019 - 01:41:54 PM @ Emergency Stop

Coolant Block ~

Run Time  0000000.00:37:24 @ Fautt Protection Override

Crankease —
Engine State Stopped @ Prelubrication Manual Request

1152 1033 2578 02 2642
Module Attercoaler Water —
T 370 degC @ Coolant Expansion Tank Level Low
Input Voltage 20 v @ Lubrication Sump Level Low Lube Block =

Fuel Rail —

Encoder State  Zero Speed @ Lubrication Sump Level High

Fuel ~

Speed Setpoint 00 RPM @ Diesel Fuel Leakage

Speed 0.0 RPM @ Diesel Fuel Supply Water Presence (L s =

Rail Pressure suitches —

Setpoint 4000 [y @ Driven Equipment Starting Interlock

Rail Pressure 2971 bar @ Specd Control Droop FuelDemand — |

FuelDemand 00 mm3/cyl @ Spced Control e Roted Turbo Temp ~

Demanded Load 00 % @ Speed Control Local Remote Selec

Demanded o

Power 00 [ @ Speed Control Lower urbo Spee

@stop @ FuelCutRequest @ Fault Protection @ Speed Control Raise

@ Aarm @ shutdown @ Specd Control Speed Select #1
Immediate @ Speed Control Speed Select 22

@ Power Limit #1 .Shutdnwn

@ Speed Control Accelerator Backup
@ Fower Limit=2 @ Stert nterlock

@PowerLimit#3 @ Back To Low ldle @ Speed Control Analog Digital Select

. Speed Control Generator Breaker
g:“y" (= @ Keep Rated Speed Ggh
@ Turbo #1 Air Shutoff Valve
Digital Mode @ Turbo #2 Air Shutoft Valve
Speed Control
Setpoint 00 RPM
@0rocp Turbs #1 Turbine InTemp | Turbo #2 Turbine In Temp | | Turbo #3 Turbine In Temp | | Turbo #4 Turbine In Temp
Idle Rated
@ o Rate o1 10y 0 0y o116 0110y
@ Raise 50 17 50 170 50 170 50 170

00|

Connected on SBea al HS/H #0 (Channel 1)

Figure 5-51. Fuel Demand Selection

Pushing this button will open another page called Fuel Demand. On this page, you find another
Configuration button, which allows you to open the offline editor and setup the fuel demand signal details.
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% LECM_CRS.wtool - Woodward ToolKit

Main View Tools 2.11.1 - Sensing : Speed Control Fuel Demand

Wo WoODWARD [ [ || zsmm | >cmn | sscomon |[ smen || c-ommosss || v-omme || swraroon | occmnorr
LECM CRS Rev1 [HENESERNNN | 'o= | oo || oom || oen e [0 | [ oo | 2 [ [ [ o] | s e v | [ RRRRRRRR]

| Configure Fuel Demand

| ENGINE STOPPED

Fuel Demand Status Disabled 000 _, 0.00 mg/cyl
Dashboard

DateTime Jun 16, 2019 - 01:43:00 PM

Speed Control Fuel Demand

Run Time  0000000.00:37:34

EngineState  Stopped

Fuel Demand - B
Module 370 degC

Temperature

Input Voltage 20V

Encoder State  Zero Speed

P ——
Speed Setpoint 00 RPM o

ma/eyl
Speed 00 RPM

Rail Pressure

Setpoint 4000 bar

Rail Pressure %69 bar )

Fuel Demand 00 mm3reyl

Demanded Load 00 %

Demanded vy

Power

@stop @ Fuel CutRequest @ Fault Protection

) Alarm @ shutdown
Immediate

&
@ PoverLimits1 @ e

@ PoverLimite @ Start Interlock
@ rowerLimit=3 @ Back To Low ldle

Main Pulse
[ ] only @ Keep Rated Speed

Digital Mode
Speed Cantrol
Setpoint 00 RPM
@ Drocp

@ ldieRated

@ Raise

Connected on Kvaser USBcan Professional HS/H #0 (Channel 1) | ME Details,

Figure 5-52. Fuel Demand Overview

The Fuel Demand signal can be hooked up to any of the free analog input channels. In addition, the
default strategy to follow if the signal is failing can be set from this screen.

% Offline Settings Editor

@ @ Configuration
Configuration
Configuration
‘S:;i‘tm"“‘“ NotUsed ¢
Not Used
Supply Vokage | o
Default Strategy | AIND2 v
Filter Time AlNO3 bl
Constant AINDA g
AINDS
N0 Out| AINDG
oooo || AINo7
0313 AINDS
0625 AINDI
0838 AINTOD
1.250 AINTI
1563 AINT2
1875 AINT3
2188 AINTA
2500 AINTS
2813 AINTE
3125 AINTT
3438 AINTS.
3.750 600
4,063 650
4375 700
4,638 750
5.000 800
oK Close Apply

|
Figure 5-53. Fuel Demand Configuration

The selection of the analog input is either 4-20 mA or 0-5 V and needs to be set on the Configuration
Module Page, selection Configure Module Hardware.
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Main  View Tools @ (ER] 100 - Configuration : Module - E—L Eﬂ A v

Wo WOODWA R D [l [Fcrtmeten] [ 150me || -omor || oot ][ s-smon ][ e-omroie |- | BRGRRST] vcmmere
et || B Nosiy ",
LECa CRs Revt I 15 [ 6 ) o e | | R
SN EST® | — 10 Semsorapping || Contaure b prtacls | | Comtoue Encoder = ][ ContgureEnginesoe | [T Show et contrations |
f— Power Tektd Inputs Analog Inputs Module States
ashboar
DateTi Jun 16, 2010 - 01:48:28 PM Vin Valid TeRtdd1 998.36 AINOT am @ Key Suitch State
O 003734 5V XDCR alicl TeRtdl02 998.36 AINO2 406 @10 Lock Active
un Time 00:37: |
HYXDCR
Engine State  Stopped Watings Editor Duty Cyele
Module 2 PreVddRegSense - 00 He
Temperature: sy Analog Inputs m
Input Voltage 20 V
Analog Inputs TeRtd Input:
SenseSV % i e npure T Discrete Inputs = 00 Hz
EncoderState  Zero Speed AINOT Mode (Mode5)4-20mA ~ TeRtd01 Mode | (Mode &) RTD High Impedance  ~
Sense-15V 14,5 HV Transd o] 12
Speed Setpoint 0.0 RPM AIN02 Mode (Mode1)0-5v  ~ TeRtd02 Mode | (Mode 8) RTD High Impedance  ~ ~ HV Trans ducer
Sensel5V 14.67 00 He
Speed 00 RPM AINDZ Mode (Mode5)4-20mA ~ TeRtd03 Mode | (Mode &) RTD High Impedance >
00 Hz

Rail Pressure

e 4000 bar AINDA Mode (Mode )0-5v v TeRtd04Mode | (Mode &) RTD High Impedance  ~
Reset SNTP Client Set RIC (SNTF) 00 Hz
Rail Pressure 2969 bar AINOS Mode (Mode )0-5v TeRtd0S Mode | (Mode 8) RTD High Impedance  ~

00 Hz
Fuel Demand 00 mma/eyl (3 AINDG Mode Mode0-5v  ~ TcRtd05 Mode | (Made ) RTD High Impedance  ~
00 Hz
Demanded Load 00 % AINOT Mode (Mode)0-5v  ~ TRtd07Mode | (Mode 8) RTD High Impedsnce
00 He
Demanded
= 00 kW AINOE Mode (Mode0-5v  ~ TeRtd08 Mode | (Mode ) RTD High Impedance
00 Hz
St Fuel Cut Request @) Fault Protecti
@stop @ Fuel CutRequest @ Fauit Protection =
@ Alarm @ Shutdown 00 Hz
Immediate
@ Power Limit #1 .Shutden 00 He
@ PowerLimitz2 @ Start Interlock oK Close Apply P
@Poverliits3  @BsckTo Low e o
Main Pulse
L @ Keep Rated Speed A 12 v | @Auspeedot 00 H
Digital Mode ANzl 17ry | @AuSpeedn2 00 Hz
Speed Control ANz 100 v
Setpoint 00 RPM
AINZ3 327 v
@ Droop
AIN24 345 V
@ dle Rated
AIN2S 126 V
@ Raise

Connected on Kvaser USBcan Professional HS/H #0 (Channel 1) ‘ Y Details. ‘

Figure 5-54. Analog Input Type Selection

Once the selection is made, the mapping of the analog signal to the fuel amount can be done to setup the
table in the fuel demand configuration screen. Below is an example setup where the fuel amount is linear.

% Offline Settings Editor

Configuration
Configuration
SelectAnalog o -
Input
Supply Voltage | 5V XDCR v
Default Strateqy | Use Constant (NonLatching) i
Comsarn” o1ls
Default Value
N0 Out(mg/cyl) 0 mgleyl

0.000 0

0313 50

0.623 100

0938 150

1.250 200

1.563 250

1.875 300

2188 350

2.500 400

2813 450

3125 500

3438 350

3.750 600

4.063 650

4375 700

4.688 750

5.000 200

oK Cancel Apply

|
Figure 5-55. Example Setup 0-5 V to 0-850 mg/cyl Fuel Demand

If the signal is selected and connected properly, the LECM CRS system is setup to run the engine. When
Run from the other speed control is initiated, a RUN command to the LECM CRS must also be provided,
otherwise the fuel will not be enabled. A Stop command to the LECM will stop fueling the engine, so it will
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initiate a stop. Shutdown functions from sensor failures, if setup that way, will also cause engine
shutdown.

The LECM must be setup with the correct encoder setup, otherwise fuel injection will not be active. The
LECM CRS speed control in-and outputs will not be active in this case.
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Speed Control Setup

The following describes the setup of the LECM CRS Speed Control Software using the Toolkit setup
guides, located on the first page of the Toolkit software. The setup guide will help you define the Speed
Control functionality as is required for the application. Completing the setup guide will set calibrations and
hardware definitions and enable/disable software logic parts as required.

W LECM_CRSwtool - Woodward Toolkit

MW woobwARD [l [ 5 . , \ | emmer=s

LEcon Crs Revt N ) ) [ i [ G ) T e

ENGINE STOPPED |
Already setup? Click on a navigation button above to get started.
Dashboard
DateTime Jun 16, 2019 - 01:59:32 PM

Run Time  0000000.00:37:34 S g A

un fime Before continuing, please be sure the engine and/or bench setup is in a stopped
Engine State Stopped and safe state (suggest locking 10). Once setup is complete, be sure to execute a
_nrnnau\e 70 degC Save & Reboot” request.

emperature

Input Voltage 20V

o Rese Set Real-Time
EncoderState  Zero Speed SNTP Client Clock (SNTF)

Speed Setpoint 00 RPM STEP 1 STEP 2 STEP 3
Configure Module Configure Engine Configure Encoder

Speed 0.0 RPM
e 0
Rail Pressure 4968 bar STEP 4 STEP 5 STEP 6
Fuel Demand 00 mm3/cyl Configure Switches Configure Pressure Sensors Configure Temperature Sensors
Demanded Lead 00 %
Demanded oI
o STEP 7 STEP 8 STEP 9
@stop @ Fuel Cut Request @ Fault Protection Configure Off-Engine Sensors Configure Speed Control Configure Fueling
@ Alarm @ shutdown
Dy

Immedi
@roverlimt=1 @ [ede STEP 10 STEP 11 STEP 12
@ PowerLimit 22 @ Start Interlock Configure Rail System Configure Prelube Pump Configure Notification Outputs

@ PowerLimit#3 @ Back To Low Idle

[ Joii @ Keep Rated Speed
"' STEP 13 STEP 14 STEP 15
Digital Mode Configure Turbos Configure J1939 Datalink Configure Modbus
Speed Control
Setpoint 00 RPM
@ Droop
@ 'dle Rated

@ raise

Connected on Kvaser USBcan Professional HS/H #0 (Channel 1) | Details... ‘

Figure 5-56. Toolkit Configuration Page

Clicking the Configure Speed Control button will open an offline editor window where some base
explanation is provided on the icons used in this setup guide.

% Offline Settings Editor

[Speed Control] Start

Setup Guide
This setup guide sets up speed control options.

Get Started —

. Flag indicates a step in the setup process to follow, Bracketed ([***]) text indicate
setting values.

o Information/Tip icon provides useful information for setup guidance. I

Question icon poses infarmation and inquiries related to decisions made during
the setup process.

consideration during a setup step.

Stop icon provides information that should be considered before continuing to the
next step,

ﬁ Caution icon points out important information that needs to be taken into

oK Close Apply

Figure 5-57. Setup Guide Start Page

Pushing the “Get Started—>” button will bring you to the first page from the setup guide.
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Using the “Next >” and “< Back” buttons will guide you through the setup procedure.

% Offline Settings Editor

@ @ [Speed Control] Control Mc

— Back Mext —

Select between using the internal allsp
Main as a driver application controlled
Internal w damand.

Speed Control Operation Mode

Figure 5-58. Setup Guide Navigation Buttons

[Speed Control] Control Mode

The [Speed Control] Control Mode page makes it possible to select between internal and external speed
control. Selecting External Fuel Demand will disable all the speed control features inside the LECM CRS
software and the fuel demand needs to come from an external speed control command to one of the
LECM analog inputs. Most Woodward speed controls do have 0-200 mA output, which can be put across
a 25 Ohm resistor to convert it to a 0-5 V signal.

9, Offine Settings Editor X
Main @ @ [Speed Control] Control Mode v v

—Back Next —

Speed Cantrol Operation Mode . Select between using the internal allspeed governor for speed control or using the
Main as a driver application controlled by an external speed control device via a fuel

Internal k de
Internal Internal = Use Internal AllSpeed Governar

External Fuel Demand = Use External Speed Control Fuel Demand
External Fuel Demand

IMPORTANT: & save/control reset operation must occur before this setting change
will take place,

Speed Controller

nputs—i| Speed Reference — Fuel limiter —F“T"':f‘[:?"“-b

Demanded Load Enter a zero load and maximum lead fueling demand which is used to calculated a

Zero Load Fuel Per Cylinder 30| mgreyl | relative demanded load.

Max Load Fuel Per Cylinder 200| mo/cyl

mg
cyl

0-120 %

Fuel Demand [m ] — Zero Load Fuel Demand Zn—‘gl]
Demanded Load [%] = lim ud X100

Max Load Fuel Demand [M
eyl

— Zero Load Fuel Demand [m]
cyl

Demanded Power N
N Enter the maximum engine power rating (expected power @ 100% demanded load).
Maximum Engine Power Rating 1372] kW

oK Close Apply

Figure 5-59. [Speed Control] Control Mode Offline Editor Page

The second part that needs to be setup on this page is the load calculation fuel amount.
The fuel amount at 0% load vs the fuel amount at full load (100%) must be set here.

The 0% load fuel amount is normally the fuel amount required when running the engine only. For an all
speed engine, this will be the fuel amount when running the lowest speed setpoint without load. For a
Genset this is normally the fuel amount when the engine is running at rated speed, no load condition.
Setting these values as accurately as possible will result in a load indication, based on fuel amount.
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IDemanded Load
Zero Load Fuel Per Cylinder

Max Load Fuel Per Cylinder

30 mag/cyl

800 | mg/cyl

Demanded Power

Maximum Engine Power Rating

Demanded Load [%)] =

lim

. Enter a zero load and maximum load fueling demand which is used to calculated a
relative demanded load.

Fuel Demand [@] — Zero Load Fuel Demand [@]
eyl cyl

u_

1372 kW

|. Enter the maximum engine power rating [expected power @ 100% demanded load).

120% Max Load Fuel Demand

X
[ﬁ] — Zero Load Fuel Demand [m]
cyl cyl

Figure 5-60. Demanded Load Setup

[Speed Control] External Fuel Demand

If the choice has been made to use an external speed control and the Next page has been pressed, the
Setup Guide will navigate to the [Speed Control] Fuel Demand page. This page must be used to define
the analog input signal used. A table can be used to setup the fuel demand relation to the analog input

used. A Default fault strategy can be chosen in case the signal fails even as a filter constant time. It is

advised to keep this filter constant time low to have good response on the engine when fuel demand is

changing.

% Offline Settings Editor

Main

Confiquration
Select Analog
Input

Supply Voltage 5V XDCR -

Not Used  ~

Default Strategy | None

Filter Time
Constant

Sensor Failed High/Low Fault Delay
Sensor Failed High
High Threshold

[Z] Engine Stop Required To Clear

Automatically Recover After

Condition #1 Active
Action #1 Mone
Condition #2 Active
Action #£2 Mone

Configuration

N

In0  Out (mg/gy

0.000
0.313
0,625
0.938
1.250
1.563
1.875
2,188
2.500
2813
3.125
3.438
3.750
4.063
4.375
4,688
5.000

Sensor Diagnostics
0.25|s
Sensor Failed Low

45 Low Threshold

0
50
100
150
200
250
300
350
400
430
500
550
600
650
700
730
800

[C] Engine Stop Required To Clear

0 Automatically Recover After

- Condition #1

v Action #1

- Condition #2

v Action £2

Active

None

Active

None

@ @ [Speed Control] Fuel Demand v v

Select 10

Select the sensor pawer supply

Apply a defaulting strategy used when the sensor is out of range or supply voltage has

failed
Enter a filter time constant (default = 0.5 5)
Configure value based on the input type:

117 table (HW Units - mg/o/l)

Enter a time for which the sensor must remain in a failed state before the corresponding

fault sets

Enter the sensor high/low thresholds in hardware units for sensor failure

Configure fault actions for sensors low/high failures

Apply

|
Figure 5-61. [Speed Control] Fuel Demand Page
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Additional diagnostics can be setup in case the Fuel Demand Analog input signal is failing. A low and
high threshold can be defined and up to two conditions and actions can be chosen in case the defined
thresholds are exceeded. Also, the reset behavior can be defined for this particular analog input signal.
As there is nothing else to define on the speed control part, when using external speed control selection
this is the last page for the External Fuel Demand setup.

In case the internal speed control is selected, the Setup Guide will guide you through the remaining steps
to define the speed control functionality. When changes to the default values have been made, hit the
Apply button to upload the changes. This can take a few seconds and when it is done, you'll see the
Close button appearing. Clicking this Close button will close the setup page. It is also possible, after
changes are made, to hit the OK button to upload changes and close down the setup page directly.

[Speed Control] Speed Reference
The Speed Reference Setup page defines the speed reference setup for the internal speed control logic.
Each button on this page will open another setup page to define in detail the required functionality.

9 Offine Settings Editor X

Main @ @ [Speed Control] Speed Reference M v

D= D

[5] Spe=d Reference Manager
{setpoint/Ramp Rate Management]

|~ Click each button te setup logic related to corresponding speed reference function,

Desired Setpaint

[1] start Stop Logic e

—>

Desirad Setpair:
ET

[2] Datalink Speed Select Logic | Desired ReceChange

Setup Datalink Select —

Spesd (6] Speed Re
Sacpoint (Droop, Sync

Setup Adjustments —
Desiad Setpoin:
[2] Digital Spoed Select Lagic o e
Setup Digital Select —
| Desietsetpairt
[4] Analog Speed Select Logic ‘Desired Racecnargz"
Setup Analog Select
Setpoint Settings Ramp Rate Settings .
Setup base speed contral setpoints and ramp rates.
Idle Speed Setpoint 500 RPM Instantaneous Rate 10000 RPM/s

Maximum Speed Setpoint 2000 RPM Acceleration Rate 30 RPM/s

[T Set Rated Speed Using Speed Select Switches Deceleration Rate 30| RPMYS

Rated Speed Setpoint 1500 RPM

oKk Cancel Apply

Figure 5-62. [Speed Control] Speed Reference Page

The following are additional details on each selection in the setup page.
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% Offline Settings Editor

5] Speed Refer
[Setpoint/ Ramp R
) Desired Setpaint
1] Start Stop Logic Desired Rate Change
[7] Datalink Speed Select Logic R D= s Sthoit

| Desired RateChange
Setup Datalink Select —

- B Desired Setpoint
[3] Digital Speed Select Logic Bt e el

Setup Digital Select —

) Desired Satpaint
14] Analog Speed Select Logic [ Desired RateChange ™|

Setup Analog Select —

Setpoint Settings Ramp Rate Setting

Figure 5-63. Setup Datalink Select

Selecting the Setup Datalink will open a setup page where it is possible to setup either J1939 Standard
TSC1 signal or Modbus Related write signal.

¥ Offine Settings Editor

[Speed Control] Datalink Select
ok
|~ If datalink speed setpaint is sourced via 11939 TSC1 message, enable the message, enter a message
abled timeout, and enter an optional source address filter; othenwise, disabled the message f not used.
Timeout

140| ms

Source Address Filter Mo Filter

Modbus Confiqurations .
~ If datalink speed setpoint s sourced via Modbus, enable write control, enter a timeout for the speed
Wiiite Enable setpoint and enable registers, default values, and check the boxes to Include the registers in the

Modbus Wiite Timeout fauft
Modbus Write Timeouts

Ot it | Cieies Ut ek The default value is used as the speed setpoint if the register write age is above the timeout
Speed Setpoint Enable owlms | B ] threshold; however, the speed reference will evert o Digital mode if a fimeout occurs
Speed Setpoint 1000 ms 0 RPM ]
TSC1 (PGNO) Timeout Fault Modbus Write Timeout Fault N
Configure the 11933 or Modbus fault actions if used
[ Engine Stop Required To Clear [ Engine Stop Required To Clear
Automatically o Automatically o
Recover After Recover After
Condition#1 Active - Condition #1 Active -
Action #1 None v Action #1 None v
Condition 2 Active - Condition £2 Active -
Action 22 None - Action #2 None -
Datalink Speed Reference Options . Enter a ramp rate for which the setpoint will ramp based on the commanded datalink speed
Datalink Ramp Rate 25| RAM/s SEpE
Enable Datalink Speed When Speed Is Above
o RPM
(or engine state s running)

Enter an optional speed for which the engine must be at or above before the datalink speed
setpoint is referenced by the speed control

oK Cancel Apply

|
Figure 5-64. [Speed Control] Datalink Select

This setup page also makes it possible to setup the behavior in case of timeout faults for receiving the
related messages. Up to two conditions and actions can be defined, even as the reset behavior.
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Finally, a dedicated Ramp Rate can be setup when the Datalink setpoint is activated to select how fast
the speed changes to the new setpoint. Once defined and setup, the “€ Back” button can be pressed to
return to the previous page.

% Offline Settings Editor

Main

[5] Speed Refer
[setpoint/Ramp R
| Desired Setpoirt
1] Start Sto Logic Desired Rate Change™ ™|
. Diesired Setpoint
[2] Datalink Speed Select Logic [ Desired RateChange ™|
Setup Datalink Select —
- . Desired Setpoint
13] Digital Speed Select Logic [T Desired Rate Change™ ™
Setup Digital Select —
. Desired Setpoint
4] Analog Speed Select Logic | Desired Rate Changs
Setup Analog Select —
Setpoint Settings - Ramp Rate Setting

Figure 5-65. Setup Digital Select

Selecting the Setup Digital Select will open a setup page where it is possible to setup the parameters
related to the digital speed setting logic.

% Offline Settings Editor

[Speed Control] Digital Select

Digital Ramp Rate Settings
Digital Lower Rate 10| RPM/s

|~ Enter ramp rates for Digital Lower and Raise options [if switches are used).

Digital Raise Rate 10| RPM/s

oK Cancel Apply

Figure 5-66. Digital Select Setup Page

This setup page can be used to define the ramp rates when Lower or Raise digital speed commands are
provided when the engine will be running in digital speed mode, or in analog speed mode with the
accelerator backup selected. Once defined and setup, the “& Back” button can be pressed to return to
the previous page.
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% Offline Settings Editor

[5] Speed Refe
[Setpoint/Ramp R

. Diesired Setpoint
Stop Log —
[ start Stop e [Cresired Rate Change

Desired Setpoint

[2] Datalink Speed Select Logic [ Desired Rate Change

‘ Setup Datalink Select — ‘

- ) Desirad Setpoint
[3] Digital Speed Select Logic Desired R.E'tE'ChEI'gE_b

‘ Setup Digital Select — ‘

) Desired Setpoint
[4] Analog Speed Select Logic Diesired Ral:e{:harge_b

‘ Setup Analog Select — ‘

Setpoint Settings Ramp Rate Setting
Figure 5-67. Setup Analog Select

Selecting the Setup Analog Select will open a setup page where it is possible to setup the parameters
related to the analog speed setting logic. This setup page can be used to define the minimum and
maximum analog speed setpoints and the ramp rates. Since the analog speed setting utilizes a deadband
to increase or decrease the speed setpoint, the width of the deadbands and hysteresis are also
adjustable. The graphical overview provides an illustration of the deadband logic.
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% Offline Settings Editor

[Speed Control] Analog Select

Analog Select Settings |~ Enter a minimum and maximum analog speed setpoint,
Mini Analog Speed Setpoint RPM
nimum Analeg pee pen 500 Enter ramp rates for analog command inside the second deadband [normal rate} and when the
i el S St 2000] RPM command is outside the second deadband (fast rate).
Analog Normal Rate 25| RPM/s
Analog Fast Rate 50| RPM/s
Analog Speed Reference Settings -
. Enter the deadband controller configurations as indicated in the diagram below,
Analog Speed Setting Deadband #1 1| RPM
Analog Speed Setting Deadband #2 5 RPM
Analog Speed Setting Deadband Hysteresis 0.5| RPM

Analog Controller Rate Selection
Deadband #2

Select Fast Rate — - S~ T Select Fast Rate
ormal Rate

A SPEED (New vs Current Setpoint) [RPM] Freeze Speed Setpoint A SPEED (New vs Current Setpoint) [RPM]

Select Max Analog Speed Setpoint Deadband #1
Analog Controller Speed Setpoint Selection

Select Min Analog Speed Setpoint

oK Cancel Apply

Figure 5-68. Analog Select Setup Page

Pressing the “< Back button” takes you to the overview page where another setup selection can be
made.

[Speed Control] Speed Reference hd
[5] Speed Reference Manzger -
(Setpoint/Ramp Rats Mansgement) Click each button to setup logic related to
Speed [6] Speed Reference Adjustments | Speed
‘Setpoint (Droop, Synchronizer, Fine Tune) ‘Setpoint
Setup Adjustments —

Figure 5-69. Speed Reference Adjustments

Selecting the Speed Reference Adjustments Setup will open a new page, displaying several options that
can influence the actual speed reference setpoint. These options are:

A) Droop - Enable Droop using power input option. Enabling this function requires an analog input
to be defined as Power Input. If not used, the internal Load Calculation based on fuel amount will
be used for load %. This field also must be used to define a setpoint for the % amount.

B) Fine Tune Adjustment Bias - Bias of Speed reference meant for accurate speed setting.
Enabling this function requires an analog input to be defined for this functionality.
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C) Synchronizer Bias = Enabling this input will enable a +/- bias signal to the actual speed
reference, which can be used to synchronize a generator to a live bus or grid. This input requires
an analog input that needs to be defined for this functionality. An additional option can be used to
disable the synchronizer when connected to the bus or grid, to prevent interference of the analog
input when online.

D) GC2 Speed Governing Bias - This is a J1939 Standard CAN message that can be used to bias
the speed reference. The 100% bias (max rpm amount) can be defined.

E) GC2 Speed Governing Bias - If enabled, the GC2 message will control the % of bias required.

F) GC1 Droop Amount = This is a J1939 Standard CAN message that can be used to define droop
% amount over CAN bus. Based on load %, the droop will decrease speed setpoint accordingly.

W Offine Settings Editor

11930 GC1 (PGNG491S)
Enabled
Timeout
Source Address Filter No Filter &
B Crter soeed reference adjustment options, including droop override of speed
reference) and independent biases. 11939 GC1 Droce %
SPNSS63
Droop Override A
Drocp Settings
[F] User Power Input For Droop Command 5:’“‘1‘ Droop OverrideSpaad Setpoint
poi » Override From Speed Reference
Droop Amount 5 % From Spesd Reference
6 Drop s only enabled when the Droop switch s actve or commanded va 11959
GC1
Fine Tune Adjustment Input Bias B
Fine Tune Adjustment Settings Fine Tune Fine Tune Adjustment -
[ Enable Speed Fine Tune Adjustment Input - Bias. :
Fine tune adjustment allows for an external analog input to signal to be used to
bias the speed reference setpoint.
Synchronizer Bias c Final Speed Setpoint [RPM]———
Synchronizer Settings .
[] Enable Synchronizer Synchr Synch Adjustment.
e chronize Adjustmen e
[7] Disable Synchronizer If Breaker Clutch Switch Active =
The synchronizer bias allows for an external analag input signal to be used by the
synchronizer to bias the speed setpoint.
‘GC2 Speed Governing Bias D
R RIBEITES e GC2 SPN3938 Generator Goveming Bias
Enable GC2 Speed Governing Adjustment —> Adjustment Bias [RPM}
& SR SPN3933
Bias
+100% Speed Bias 60| RPM
11939 GC2 (PGN61470) HEf
Enabled -
Timeout 140 ms
Source Address Filter No Filter
0 11939 GC2 message provides a means via a 1939 datalink o the generator ta bias
the speed setpoint..
aK Cancel Apply

|
Figure 5-70. Speed Reference Adjustments

Pressing the “< Back button” takes you to the overview page where another setup selection can be
made.

The remaining parameters on this page define the Speed Setpoints for Idle and Rated Speed, including
the Ramp rates for ramping between the setpoints.

Woodward 146



Manual 35203V2 Large Engine System Platform: Software Features

Desired Setpaint
esired Secpoint. |

12] Datalink Speed Select Logic [T Desired Rate Changs

Setup Datalink Select —

Speed [6] Speed Reference Adjustments Speed

‘Setpoint (Drocp, Synchrorizer, Fina Tung) [satpoint ™

Setup Adjustments — |

[2] Digital Speed Select Logic | B |

Desired Rate Change
Setup Digital Select —

| Desired Setpoint
[4] Analog Speed Select Logic Desired RateChargs ™|
Setup Analog Select—
ISetpaint Settings Ramp Rate Settings

|. Setup base spesd contrel s
Idle Speed Setpaint RPM Instantsneous Rate RPMis
Maximum Speed Setpoint RFM Acceleration Rate [ ) rems

I Set Rated Speed Usind goeed Select Switches Deceleration Rate [ a)reMs

Rated Speed Setpoirt 1500 RPM

Figure 5-71. Speed Reference Setpoints and Ramp Rates

Pressing the “Next button =” on this page takes you to the [Speed Control] Speed Controller overview
page where several selections concerning the speed control can be set. The correct setup of these
selections is required to complete the speed control functionality.

% Offline Settings Editor X
Main @ (?) [Speed Control] Speed Controller M Vv
I
|~ Enter speed control speed feedback source and dynamic selections.
Enter speed control min/max limits, =
Speed Controller Limits
IMPORTANT: Speed control dynamics need to be configured at runtime while tuning C
the PID speed controller, Please refer to the Speed Control manual for information T Minimum 0| mg/eyl
on how to tune the speed controller. >
Maximum 50| mg/cyl
Speed Source Select -
Actiial »
AverageSpeed v cust »
Erro———
Setpoint————— Controller P-Term————»
Speed Controller |-Term Settings -D
—
Hold I-Term When PID s Not In Control
I-Term Minimum 0
Speed Controller Dynemics Select B I-Term——
Enable Secondary Dynamics When Generator Breaker Is Clased - ‘ Rz (e 80
—~4—Dynamic——»
Enable Tertiary Dynamics When Generator And Utility Breakers Are Closed
D-Term———-=>
oK Cancel Apply

|
Figure 5-72. [Speed Control] Speed Controller Page
In the above picture, the four main items that can be setup are highlighted with a letter:

A) Speed Source Selection
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This selection allows selection of the actual speed signal used as the actual speed source to the
PID control. There are three possibilities as listed below:

Speed Source Select
AverageSpeed L —_——
InstartaneousSpeed
AverageSpeed
CyclefverageSpeed

Figure 5-73. Speed Source Selection
Instantaneous Speed - Speed is the unfiltered measure of engine speed

AverageSpeed - Speed is calculated based upon the time taken to traverse adjacent RPM
sample points (TDC angles).

CycleAverageSpeed > Speed is calculated using a measured cycle period (accumulation of prior
speed sample point timespans) and updates on each sample point that has been defined for the
active encoder source.

The instantaneous speed is the fastest updated speed but is also less stable. Instantaneous
speed will provide for fast speed control but can also introduce irregularity for speed control.
CycleAverageSpeed is the slowest updated speed signal and is therefore stable and provides
steady control but might be too slow. The AverageSpeed is a compromise between
Instantaneous and CycleAverageSpeed and is a good starting point.

B) Speed Controller Dynamics Select
It is possible to enable a secondary and tertiary dynamics set.

Speed Controller Dynamics Select
[+ Enable Secondary Dynamics When Generator Breaker Is Closed

[+ Enable Tertiary Dynamics When Generator And Utility Breakers Are Closed

Figure 5-74. Speed Control Dynamics Select
Based on the feedback of the Generator Breaker / Clutch and/or Grid Breaker, the correct
dynamics will be active to control the PID response.
Primary Dynamics = Generator Breaker / Clutch is open. Grid Breaker does not matter.
Secondary Dynamics - Generator Breaker / Clutch is closed AND Grid Breaker is open.
Tertiary Dynamics = Generator Breaker / Clutch is closed AND Grid Breaker is closed.

C) Speed Controller Limits
These are the limits of the PID output.

Speed Controller Limits

Figure 5-75. Speed Controller Limits
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The minimum and maximum fuel amounts that the engine will need must be used here. The PID
output range is determined by these values. If full load will not be reached, the maximum value
must be increased. If the maximum value is too high, the accuracy of the PID is reduced.

D) Speed Controller I-Term Settings
These settings can be used to limit the integrator value of the PID.

Speed Controller |-Term Settings [}
[v Hold -Term \when PID Is Mot In Eontrolb
I-Term Minimwm Ijl
I-Term Maximum

Figure 5-76. Speed Controller I-Term Settings

For the most party, these values are set equally to the PID range values. The selection of the
‘Hold I-Term’ indicated by the red arrow can be used to prevent the I-Term from integrating out
when the PID is not in control. The I-Term will freeze its current value when PID is out of control,
which can be due to a fuel limiter or any other logic that can take over the fuel control.

Pressing the “Next button =" on this page takes you to the “[Speed Control] Power Limit Controller”
overview page where several selections concerning the power limit controller can be set.

¥ Offline Settings Editor X
Main @ @ [Speed Control] Power Limit Controller v IR
[ oee | [ e |
|~ Enter power limit control setpaints (selected by fault actions).
Enter power limit controller min/max limits. ety B
IMPORTANT: Power limit control dynamics need to be configured at runtime while -
A tuning the PID power limit contraller, Please refer to the Speed Control manual for | I — 0] mg/ext
information on how to tune the power limit controller.
Maximum 1000| mg/eyl
——Actua————W
Error——%
Power Limit Setpoints -A
Power Limit Setpoint #1 BEal
Power Limit Setpoint #2 60|% | Setpoint—— Controller P-Term—————»
Power Limit Setpoint #3 s0| %
I-Term Limits .
1-Term Minimum 0| mg/eyl
I-Term———9
|-Term Maximum 500| ma/eyl
DN 3 5 i
D-Term—————=>
oK Cancel Apply

|
Figure 5-77. [Speed Control] Power Limit Controller Page

The Power Limit Controller reduces engine power to various calibrate able levels when critical faults are

active. This setup page helps to define the parameters that are related to the power limiter. In the figure

above, these sections are marked with a letter.

A) Power Limit Setpoints
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Three different power limits can be setup. These limits need to be set in correspondence to the
maximum load of the engine. 80% means 80% of the maximum rated engine load. Each power
limit can be set as a Fault action for each fault that requires the power to be limited to protect the
engine. NOTE: Care must be taken when in Genset Island mode, as limiting the power can result
in under frequency.

B) Power Limit PID Controller Limits
The minimum and maximum fuel amounts that the engine will need, must be used here. Range of
the Power Limit PID output is determined by these values.

C) I-Term Limits
These settings can be used to limit the integrator value of the PID.

Pressing the “Next button =" on this page takes you to the “[Speed Control] Fuel Limiting” overview page
where several selections concerning the fuel limiters can be set.

¥ Offine Settings Editor

[Speed Control] Fuel Limiting

| - Back, ‘ ‘ Hext — | - Set fuel demand limitations applied to the fuel demand from the base speed controller. The logic will always select the minimum fuel
demand value, based on the speed controller, starting limiter, speed-based limiter, manifold-based limiter, power controller limiter,
and a maximu limit.

Starting Limit
A ¢ B B ,
Speed (RPM)  (mg/cyl)  ECT (degC)  (mg/cyl) Spezd Control Demand [mg/cyll———
0 200 -20 )
525 200 =375 10
1050 200 325 10
1575 200 875 [
2100 200 105 [0

|SlartFueIL\mllD\;ah\aCnnd\(mn PID In Control ~ * |

Starting Limit [me/ oyl ||

C Speed-Based Limit co

Limit(mg/  Ambientair (Gl Ambient Air

Speed (RPM) <)) Pressure (kPa) Multipher ) Temp (degC) Multiplier {
o 1000 100000 100 2000 100

26 1000 200000 100 a7 100

525 1000 3000.00 00 250 00

Speed-Based Limit [me/cyl}——

Minimum —Fuel Demand Limited [mg/c/}—»

————Manifold-Based Limit [mg /cy[]——»

Manifold-Based Limit D1

D Manifold Air
L Speed (RPM) Temp (degC) Multiplier )

[7] Power Limit Enable

1000 1000 1000] 1000 1000 1000 1000] 1000 1000 500 10 ———————Pouer Limit [mg/oyl}————

g
g
E
g
E
E
g
g
E
im

1000| 1000| 1000/ 1000| 1000| 1000| 1000 1000 1000 . - 1000 mg/(yl I}
1000 1000 1000] 1000 1oco| 1000[ 1000 1000 1000 M Limit [mey/cyl} >
Manifold Max Fuel Limit (mg/cyl)

5000
6000
7000 1000 1000, 1000/ 1000 1000/ 1000/ 1000, 1000 1000 = - Maximum Fuel Limit
8000
9000

oK Cancel Apply

Figure 5-78. [Speed Control] Fuel Limiting Page

The Fuel Limiters are maximum fuel values that are allowed during engine operation. There are several
variants available. The figure above has a selection of the possible fuel limiters, all indicated with a letter:

A) Start Fuel Limit Disable Condition
This option determines when the start fuel limiter will be switched off.
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B)

E)

Start Fuel Limit Disable Condition

Disable When Speed |s Greater Than Fraction Of l.j”] In C:_:ntrol

0.9

Figure 5-79. Start Fuel Limiter Disable Options

Either ‘PID In Control’ or ‘Speed Setpoint’ level reached can be selected here.

Speed Setpoint level reached provides a multiplier where you can define the fraction of rated
speed level that the actual speed must reach before the limiter will be switched off.

PID in Control is feedback from the logic when PID has control of the engine, which is the most
common way used to disable the start fuel limit.

Start Fuel Limiter

The Start Fuel Limiter is a speed dependent fuel limit value that can be compensated by the
engine coolant temperature (ECT). The engine coolant temperature table (B1) is an addition on
the Start Fuel Limit Table (B), so you can give more fuel when it is colder, for example.

Speed Based Fuel Limit

The Speed Based Fuel Limit is also called the Torque Fuel Limit. It is a speed-based fuel limiter
to prevent overloading the engine at lower speeds. This feature is mostly used in all-speed
applications, like marine propulsion and/or Pump Drive. This Speed Based Fuel Limit can be
compensated by Ambient Air Pressure (C1) and Ambient Air Temperature (C2). These are
multiplier factors that are applied to the base Speed Based Fuel Limit table.

Manifold Air Pressure Based Fuel Limit

This fuel limiter is a speed dependent, manifold air pressure-based fuel limiter.

This limiter can be compensated by the Manifold Air Temperature (D1), which is a multiplier factor
to the base table.

Maximum Fuel Limit
This is the maximum fuel limit value that will be allowed to provide to the engine.

The Power Limiter is also one of the fuel limiters that can limit the fuel amount. It can be selected on
this page to switch the power limiter to be active or not active.

¥ Power Limit Enable

Power Limit [mg/oyl}———————p

Figure 5-80. Enable/Disable of Power Limiter

All fuel limiters are coupled to an LSS-bus (Low Signal Select), which only allows the lowest value
feeding that bus to pass.

Pressing the “Next button =" on this page takes you to the “[Speed Control] Complete” overview page
where several selections concerning the load dump feature and Generator Breaker Idle Selected Monitor
feature can be set.
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% Offline Settings Editor

[Speed Control] Complete

ILDad Dump Detection . Configure the load dump detection which will optionally cut fuel upon a load dump
Enable Time 20| s detection event.
A

Acceleration Threshold — 50 RPM/s Load Dump Detection logic is only enabled after the engine enters a Run state for at
least the "Enable Time™ periad.

Speed Error Threshold -30) RPM

: i Once enabled, the load dump detection will assert if an acceleration above the threshold

Cut Fuel When Overspeed Warning Is Active is observed AND there is a speed error less than or equal to the speed error threshold.

Cut Fuel On Load Dump The load dump flag is deasserted as soon as the speed error is greater than the
threshold.

Cut Fuel When Generator Breaker |s sol %

Opening And Demanded Load Is At Least Check to cut fuel demand to 0 when a load dump is activated.
Cut fuel if generator breaker transitions to opening and demanded load is at least X %.

Generator Breaker Closed Idle Selected Monitor . Configure fault actions that will assert if the generator breaker is closed and the idle

D Engine Stop Required To Clear speed setpoint is selected (digital mode).

Automatically Recover After 5 IMPORTANT: The next step to properly configure the speed controller is navigate to
the Control : Speed Control service tool page and dynamically tune the speed

Condition £1 B Active ” controller and power controller dynamics.

Action #1 Alarm e L\\s

Condition #2 Active v

Action #2 KeepRatedSpeed “

OK Cancel Apply

Figure 5-81. [Speed Control] Complete Page

A) Load Dump Detection

Load Dump Detection is a feature that will help reset the integrator value of the PID to zero, when
big load changes are observed. The Load Dump feature can be very helpful when Load Rejection
tests need to be performed when big load changes take place and fast reaction is required. Load
Dump is based on actual speed acceleration in combination with a speed error (Speed Reference
— actual speed). When both criteria match, the Load Dump feature will be activated. The Load
Dump feature can be combined with a “Cut Fuel” logic, which immediately cuts fuel when active,
independent of PID settings. This same “Cut Fuel” logic can also be activated when the generator
breaker or clutch opens when the load is above a tunable percentage of load.

B) The Generator Breaker Closed Idle Selected Monitor is a feature that has the option to
prevent the engine speed reference from ramping down to idle speed if the generator breaker is
still closed. For several reasons, it may be possible that when an engine is online (Breaker
Closed) that Idle Speed would be selected. In this case, this feature provides the possibility to
block the speed reference to ramp to idle speed reference setpoint. Two actions can be taken
when this is happening. Preventing the ramp down to idle speed setpoint can be blocked, when
one of the actions is “KeepRatedSpeed”. This keeps engine at the rated speed as long as the
breaker is closed.

When changes to the default values in this setup guide have been made, hit the Apply button to upload
the changes. This can take a few seconds and when it is done, the Close button will appear. Clicking this
button will close the setup page. After changes are made, it is also possible to hit the OK button to upload
changes and close the setup page directly.
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Chapter 6.
Control — Balancing

Introduction

The Control — Balancing blockset is used to define the Exhaust Gas Balancing control function, so it can
be used inside the application. The Exhaust Gas Balancing control function provides a small offset in fuel
injection to make the exhaust gas temperature of each cylinder close to equal, depending on certain
settings.

ES Simulink Library Browser — m] x

@ & [ A G- @] @

LESP Model Reference/Control/Balancing

Ports & Subsystems -
signal Attributes
signal Routing
Sinks
Sources
string
User-Defined Functions
» Additional Math & Discrete
> Quick Insert
» Embedded Coder
Fixed-Point Designer
» Fixed-Point Designer HDL Support
» HDL Coder
> LESP
¥ LESP Madel Reference
v Control
Air Management
Balancing
CRS Rail Pressure
Knock
Speed Contral
WLO Fuel Metering Valve
¥ Functions
Engine Start
Engine State
V¥ Sensors

EGT Cylinder Balancing

~ Input Processing
Dual Fuel
UEGD
MatoHawk
MatoHawk Annotations
MatoHawk Flexible Encoder
MotoHawk FPGA
> MotoHawk OBD Fault Manager &

v

Figure 6-1. LESP Model Reference Control - Balancing Block

e EGT Cylinder Balancing
This model reference block contains the logic to perform Exhaust Gas Balancing functionality inside
the application. It requires the Exhaust Gas Temperature measurement of each individual cylinder to
perform an offset for injection quantity to compensate for deviations between the different cylinders.
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EGT Cylinder Balancing Block Interface

EGT Cylinder Balancing

Figure 6-2. LESP Model Reference EGT Cylinder Balancing Block

Table 6-1. EGT Cylinder Balancing Block

Port

DataType

Description

[In] Enable

boolean

Input that confirms if the logic inside the
block is enabled or not.

[In] Exhaust Gas
Temperatures [20]

AnalogSensorBus

This input requires an array of the exhaust
gas temperatures of each individual
cylinder.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Exhaust Gas boolean This input requires an array of the exhaust

Temperatures Failed Gas Temperature Sensor faults of each

High/Low [20] individual cylinder. When temperature is
low or high, it will be reported here, and
the internal logic will use it to implement
the correct strategy.

[In] Speed (RPM) single This input requires the actual Speed

Signal in RPM as defined in the
application. It will be used to define the
speed threshold to enable the EGT
correction logic.
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[In] Load (%) single This input requires the actual Load Signal
in % as defined in the application. It will be
used to define the load threshold to enable
the EGT correction logic.

[Out] Magnitude single This output provides an array of the

Adjustments magnitude adjustments that needs to be

added to the individual cylinder fuel
amounts. This will have an effect on the
exhaust temperatures, so the control logic
inside the block can adjust/correct per
cylinder when required.

Example Model Using the Blocks

Below is a very simple setup using MotoHawk Calibration and MotoHawk Probes blocks to make the

model suitable for building.

[*al control_Balancing » [P| Triggered Subsystem »

Figure 6-3. Simple Example Model Using the Control — Balancing Block

When compiling, the required files will generate and if the Toolkit required blocks are also added to the
application model, it will generate the required SID files for the Toolkit HMI tool creation.
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Default ToolKit Pages

Opening a new Toolkit application and selecting the correctly generated .sid file will look like the
screenshot below.

8= Design Tools - O X
Tool Explorer | Components
Device:
Devicel (Control_Balancing_000) -
[E]

4 Control

[ Fuel
b | EGT Cylinder Balancing

» - Control_Balancing

> | EGTBalancing

> [ System
A= Label
(%) Navigation Button
[ Static Image
(Z) Offline Editor Button
(=) Run Button
|4 XY Chart
[£] Buffered Editing Panel
(%) Help Button

Figure 6-4. SID File Selection Control - Balancing Logic

Below are a few of the Toolkit pages that contain most of the defined parameters in the example model.
Of course, the real sensors and data must be attached to complete it for the application that is being
worked on. For that reason, red X’s can be seen on some pages.

¥ Woodward Toolkit

View  Settings  Tools EGT Cylinder Balancing

Average Fuel Adjustments 00000

(ylmder zm Fuel Adjustments
Configure @ Cylinder Balancing Active o o2 cylmm[ﬂD“mm"mmm‘l;ng:A 151 G712 M Mo 02 05 0+ Tl 05 i o6 M 0781 05 12 013 - 1 T 16 19 8 20

0
G G o %o So 5o 00 60| Go| o o bo 6o 6o 60 5 o8 oo oo a0 000l 000l 000] 000] 000] 000] 000] 000 eoc ew ew .00 e.00] 000] 000] 0.00] 0.00[ 0.00] 0.00] 0.00)

Average EGT 3000 degC Exhaust Gas Temperature For Popout Trending Status
20007 01 ) Error degC | Ermor ()
1200 0 o Error degC | Ermor [
i 203 [ Error degC | Eror )
. 204 o Error degC | Ermor [
205 o Error degC | Ermor [
1200
206 o Error degC | Ermor [
9 L] 207 [x) Error degC Error [x) RedX's,need tohave
® 200 -] 8 [x] Ervor degC | Eror [x] EGI Qatj,‘@ew
‘Application
s00 200 o Error degC | Ermor [ ppicaton
#10 Ervor degC | Eror
0o ] (] g (]
Average #1 [x] Eror degC Error [x]
200 ]
2 [x] Error degC Error Q
o #3 o Error degC | Ermor [
=210 — L #14 [x] Error degC Error [x]
g ¥ #5 o Error degC | Eror [
Cylinder Fuel Amount Adjustments #6 ) Error degC | Ermor Q
o1 02 03 04 05 06 07 03 09 f0 11 12 13 W 15 6 17 18 19 20
Duration us/ey [E3ror| Erro Error| Error| Error 27 [x) Eror degC | Ermor [x)
18 o Error degC | Ermor [
o Error degC | Ermor [
o Error degC | Ermor [
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¥ Offiine Settings Editor

Configure

Set Fuel Adjustment To @ When Deviation
Is Within =- This Amount From Average

Speed (RPM)  (degC)

0.0 50
2625 50
525.0 50
1875 50

1050.0 50
13125 50
1575.0 50
1837.5 50
2100.0 50

Back  Foward  Previous  Next Search
o D age Page
Navigation Tools
Configure
Set Fuel Adjustment To 0 When Deviation
Enable EGT Cylinder Balancing Is Outside =~ This Amount From Average
Disable EGT Cylinder Balancing When
Demanded Load Is Below (] Ereor| %
(et 1 EsIE Speed (RPM)  (degC)
1-Gain 0| /dlegC 00 200
2625 200
Disabled Return To Zero Rate 1] =50 o0
7875 200
1050.0 200
MinFuel Adjust MaxFuel Adjust 13125 200
Load (%) (mgreyl) Lead (%) (mg/cyl) 1575.0 200
-10 of 10 1837.5 200
| 100 | 0| 100 | 10 21000 200
P o »
- DISABLED ENABLED DISABLED ENABLED DISABLED =

Figure 6-5. Examples of the Toolkit Pages
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Functional Description — EGT Cylinder Balancing

The LESP Model Reference Block logic supports cylinder exhaust gas temperature-based cylinder
balancing by biasing the fuel injection durations of each cylinder to normalize the exhaust gas
temperature of the individual cylinders. This feature is called Exhaust Gas Temperature Balancing. The
following describes more details on this feature and how to set it up.

Setup Exhaust Gas Temperature Sensors

To set up the exhaust gas temperature, the Toolkit can be used to define the correct LECM hardware
selection for the correct cylinder exhaust as temperature sensor. In most cases, these will be the
thermocouple sensors, which can be K-type or J-type (selectable).

% LECM_CRS_1_1_17.wtool - Woodward ToolKit

View  Settings  Tools 2.0.0 - Sensing : Overview
a H_ = A o o ] H
D B = A Cac  Fux o3 aadl
New QOpen Close Save Save Design Connect  Disconnect Load Communication Save
- As Mode Application Statistics Values

Wo WOODWAR DI [1ommm || sty || some || s || somn | commme || o || masuon | osocmor
LEcon CRsvi.1 N i) o) e ey
Manifold Air Pressu er ccure] SWitches Quick Links
g Key Switch
ENGINE STOPPED
Manitald —
Dashbeard @ Run Stop

Ambient Air —
DateTime Nov 30, 2020 - 10:23:33 AM @ Emergency Stop
Coolant Block ~

RunTime  0000000.02:58:06 @ Fault Protection Override

Crankease —

Engine State Stopped @ Prelubrication Manual Request

Module P @ oottt Tk Level L Aftercooler Water ~
Temperature 315 deg colant Expansion Tank Level Low

Lube Block ~
Input Voltage 2oV @ Lubrication Sump Level Low ube Blod
EncoderState  Zero Speed @ Lubrication Sump Level High Fuel Rail =
Speed Setpoint 00 RPM @ Diesel Fuel Leakage FrE=
Speed 00 RPM @ Diesel Fuel Supply Water Presence e =
Rail Preszure Swikches —
Setpoint 4000 bar @ Driven Interlock
Rail Pressure 3853 bar @ Speed Control Droop Speed Cantrol —
Fuel Demand! 00 mm3/cyl (i el (5= e (e Enrm =y Speed Control Idle Rated Turbo Temp ~
Demanded Load 00 % 2d Control Local Remote Select Turbo Press —
P 00 Tarbo speea—

@stop @ Fuel Cut Request @ Fault Protection Module —

Speed Control Speed Select #1 Encoder —
@ Alarm @ shutdown @ s P

Immediate
@ PonerLimit=1 @ e

@ Poverlimits2 @ Startnterlock

@ Speed Control Speed Select #2 Exhaust Gas Temp —

i

@ Speed Control Accelerator Backup

Speed Control Analog Digital Select
@ PonerLimits3 @ BackTo Lowldie @ s q Dig

Vi put @ SPecd Control Generator Bresker
[} c:w‘; ulse @ Keep Rated Speed Clutch

@ Turbo #1 Air Shutoff Valve
Digital Mode @ Turbo #2 Air Shutoff Valve
Speed Control

Setpoint 00 RPM

Connected on Kvaser USBcan Professional HS/H #0 (Channel n)‘ W Details. ‘

Figure 6-6. Setup of the Exhaust Gas Temperature Sensors

Once the selection is made, you can set up each sensor and select the correct sensor type. Filter time
constant, default strategy should be followed in case of issues with the sensor and a default value.
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View 2.150 - Sensing : Exhaust Gas Temperature
D~ 2HE 2 Bl L
New  Open  Close Comect  Disconnect  Load  Communication  Save

& lode Application  Safistics  Values

e e

E = e | e |

[\
LECM CRS v1.1

Deshboard

DateTime Nov 30,2020 - 102628 AM Configuration
RunTime  0000000.02:5806
EngineSate Stopped
Module

e 314 degC
Input Voltage B9V I [ semorranearion~ |
EncoderState  Zero Speed 105elect ermocouple Type — | Fiter T Constant — Default Stateay Default Value
Speed Setpoint 00 RPM % EcTet  NotUsed ~ :X KTpe v 055 None v o] degC

£ Sensor Open —
et —— o ] oo Mottt <] [ g - osls | [Nane . o] desc
Rail Pressure 3852 bar . EcTss | NotUsed - o [KTpe - 03] None v 0] degC Falled bow o)

FuetDemand 00 cores [norveea | | [B [pe osls | [Nene - o] desc
0 2

[t v 00 % EcTss | NotUsed - o ke - 03] None v 0] degC

Deranded 00 Low 0 ooy (Nattsea <] | & kppe - osls | [Nene . o] aesc

-200 v Ex - v
@siop @ Fuel CutRequest @ Fault Protection Nt Used h.. KTpe 03]s | [None oliesg
on P Nttt || (B (e osfs | [None - o deac
v Ex - v

@PoverLimits1 @ mmediste Not Used . KTpe 05s None 0] degc
Shutdown &

ATl v KType oss | [None - o] degC
@Povertimits2 @ Start Iterock i

Aux01Tc12 v X K-Type v 05)s None - 0 degC

@Poverlimits3 @ BackTo Low die I v 2

AworTcs v KType oss | [None - o] degC

Main Putse o KT o
ol @ Kecp Rated Speed i

AwoTTels © & Kpe - os]s | [Nome - 0] degC

Digital Mode AwQITels ~ :* KTpe v 055 None - 0] degC

Speed Control o
- AwoTTelE © & Kpe - os]s | [None - 0] degC

AwOIT7 ~ o [KTpe v 055 None v 0] degC
in Professional HS/H #0 (Chan B Details. \ .

Figure 6-7. Exhaust Gas Temperature Configurations

% Oftne sttngs dtr

Configuration

Q . 0
B e reme N | s Diagnostics)
g © a Page
Configuration Sensor Failed High —
10 Selct Thermocouple Type — Fiter Trne Constant — Default Strteay —————————————— Default Value cenor Fated Lo
oot NotUsed & (khpe 03] Noné -
e NotUsed & (khpe 05 None - e
e e E i - osls | e : o]
toresNotlies & [pe - wls | [None . o e
Eores | NotUsed & [kTpe © 0s]s None - 0] degC
Ecres | NotUsed & [Tpe © 0s]s None - 0] degc
earer | NotUsed & [kTpe © 0ss None - o] degc
Eores | NotUsed B [kType 0ss None - 0] degc
Eores | NotUsed & kType 0ss None - 0] degc
€cT#0 | NotUsed & [kType 0ss None - 0] degc
EoTen A0l & [ktype © 05 None - 0] degc
EoTer2 | AONE2 & [type - 05 None - 0] degc
EoTers | AOUEIS & [kType 05 None - 0] degc
EoTers | AwOVCIs & [ktype © 05 None - 0] degc
EoTets | AONEIS & khpe 03] None - 0] degc
EoTets | AONEIS & khpe 03] None - 0] degc
EoTer AOVE? & khpe 03] None - 0] degc
ok Close Aor

Range High Monitors

o y "?g e S‘j"" Range)Highilhreshold
Failed High Monitot — Configuration
aied HighLow Fault Delay 035] Common Range High Treshold 1200 [ smormion |
Automstically Recover Afte Conditon =1 o F T Conditons2 Adion 22 Encin Sop Reauired To Clear
EGTe1 0s Active v Active v None v [=} = Sensor Failed High
trez " 0 | [acie - Ace ] | [None NG| = Sensor open
eGres ols | [Acive ~ Active - None - [s] E
tres ofs | [acie - Acive ]| [None ]
wares ofs | [ave - Adive ]| [None NG|
eses 05| [Adive - Actve - None - | B
BT 0/s | [Acive v Active v None a
eares ofs | [Adive - Active - None s
cres ofs | [Acve - Active <] None a]
EGT #10. v‘ 0)s Active v Active v None a8
eoren ofs | [Aave - Nene - Active <] | [None NG|
eorez ofs | [Aaie - None - Active <] | [None NG|
erers ofs | [aie - None - Active <] | [None NG|
erers " ofs | [aie - None - Active ]| [None ]
eress ofs | [ave - None . Acive ]| [None ]
EGT#16 0s Active N None - Active v None v o
oK Close A

Figure 6-8. Exhaust Gas Temperature Diagnostics (Example Range High)

The configuration screen also allows the possibility to set up the sensor failures and operating high and
low temperature settings. Each will have the possibility to set up its own Fault Action.
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Exhaust Gas Balancing — Control Setup

Once the sensor setup is complete, the EGT Cylinder Balancing Control can be set up on the Service
Tool page, as shown in the example below.

2

- i - =]

s x
A~

Wo WoODWARD [ [ e P
LECM CRs v1.1 I | = o = ) o e | e s oaon

Cylinder EGT Deviation From Average Cylinder EGT Fuel Adjustments
ENGINESTOPPED | | com toure @ CylnderBalmncing Actve 01 02 03 04 05 06 07 05 09 10 11 12 13 14 15 16 17 18 19 20 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15
00 00| 00 00 00 00| 00| 00| 00 0a] -02] -02] -0[ 08 05 oa] -08 02| 1] -03] [ 099] 000] 00| 000] 000] 000] 000] 000] 000] 00 0] 0] 0] 0] 09

Exhoust Gos Temperature

For Popout Trending status
‘e Nov30,2020- 103840 AM 0 0 degC | Disabled
e 0000000025805 = 0 desc

Stopped s 0 degc
315 degC 04 0 degc
X =05 0 degC
ZeroSpeed 05 0 degC
00 Rem o 07 0 degc
00 ReM & 08 0 degC  Dissbies
200 bar 05 0 degC  Dissbed
3852 bar 0 0 degC | Disabied
00 mm/eyt a 2 degC  vald
a2 % degC  vald
90 EH 2 degc | Vaid
0 en 27 degc wia
=15 27 degC waid
Cylinder Fuel Amount Adjustments 3 e R | oo
01 02 03 04 05 06 07 05 09 10 1 12 13 14 15 16 17 18 19 20
Massmoion [_00] 00 00 00| 00| 00 0o o] o] 0o 0o 00| 0o oo oo 0o 0o 0o 00| o0 17 2 degc | vaid

jume fmm3/c |_00] 00| 00 00 00 00] 00] 00| 0o 0o 0o 0] 00| oo oo oo oo oo o[ o9

@esckToLow e a5 5 i

@ eep Fates speed 19 5 degC i

2 % degC Vel

Digital Mode

Figure 6-9. Exhaust Gas Temperature — Control

Clicking the Configure button will open the configuration window to set up the control behavior as
required.

W Offine Settings Editor X

Main @ @ Configure A -~

Search
I
Confiqure
Set Fuel Adjustment To 0 When Deviation
["] Enable EGT Cylinder Balancing Is Qutside ~- This Amount From Average
Disable EGT Cylindler Balancing When ol %
Demanded Load Is Below
P-Gain 1] us/degC Specd (RPM)  (degC)
1-Gain 0.5] us/degC 00
2625
Disabled Return To Zero Rate. 10] us/s 5250
7875
10500
MinFuel Adjust MaxFuel Adjust 13125
Load (%) (ma/cyl) Load (%) (mg/eyl) 15750
[} -100 [} 100 18375
100 -100 100 100 21000
P . »
< D o & >
DISABLED ENABLED DISABLED ENABLED DISABLED

Set Fuel Adjustment To 0 When Deviation
Is Within =~ This Amount From Average

Speed (RPM]  {degC)
00
2625
5250
7875
10500
13125
15750
1837.5
21000

oK Close Apply

Figure 6-10. Exhaust Gas Temperature Balancing — Configuration Setup

The Exhaust Gas Temperature Balancing logic calculates an average of the EGT’s and compares each
cylinder EGT to the average of all. Depending on the difference, it will bias the fuel amount for each
respective cylinder to normalize the temperature to the average value. This is done by a Pl controller.
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Once the EGT'’s are all in the defined range, the bias will stop and maintain until the EGT balancing is
disabled by load setpoint or manually switched off.

Configure

Enable EGT Cylinder Ealan(mgl

Disable EGT Cylinder Balancing

When Demanded Load Is Below 5048
P-Gain 1 mg/degC
1-Gain 0 mg/degC
Disabled Return To Zero Rate 0| mg/s
Configure
Enable EGT Cylinder Balancing
Disable EGT Cylinder Balancing 50| %
When Demanded Load Is Below
P-Gain 1| mg/degC
I-Gain 0| mg/degC
Disabled Return To Zero Rate 0| mg/s
Configure
Enable EGT Cylinder Balancing
Disable EGT Cylinder Balancing ol %
When Demanded Load Is Below
P-Gain 1| mg/degC
I-Gain 0| mg/degC
Disabled Return To Zero Rate 0 mg/s
Configure
Enable EGT Cylinder Balancing
Disable EGT Cylinder Balancing 50l %
When Demanded Load s Below
P-Gain 1 mg/degC
|-Gain 0 mg/degC
Disabled Return To Zero Rate 0| mg/s

—

DRABLED, TNABLED

TRARLLD

——

DRABLED

The Enable EGT Cylinder Balancing checkbox can be used to
enable and disable the EGT Cylinder Balancing logic.
Checked - Activated,

Unchecked > De-Activated

The ‘Disable EGT Cylinder Balancing When Demanded Load is
below’ ....% parameter is used to automatically disable EGT
balancing when the demanded load is below the defined threshold.
Above this value, the EGT balancing will be active if the above
mentioned ‘Enable Checkbox’ is selected.

The EGT Cylinder balancing is a PI control loop. The Proportional-
Gain and Integral Gain values can be set with these parameters.
Values that are too high will make control unstable. Values that are
too low will result in a slow response. During commissioning, the
ideal settings must be determined.

When the EGT Cylinder balancing is switched off, this is the rate
the duration bias will return to zero again. A value of zero will reset
the cylinder trims to zero immediately.

These tables are demanded load dependent maximum
bias values for the duration bias to correct the
temperature. There is a lower limit value and a higher
limit value. If correctly calibrated, the bias will stay
within these limits.
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The upper and lower limit of where the EGT Cylinder
balance control will be active. These are speed dependent
tables that can be set up. When there is too much
deviation, the bias will stay on zero (0). The balancing will
be active only in the green area of the picture.

Woodward

162



Manual 35203V2

Large Engine System Platform: Software Features

Chapter 7.
Control — Air Management

Introduction

The ‘Control — Air Management’ blockset is used to define the throttle control function, so it can be used
inside the application. Controlling the throttle will provide control over the air flow in the engine and can be

used for starting performance improvements or for air/fuel ratio adjustments.

EE Simulink Library Browser

¢ & [mowiar b -@-a- @)= @

LESP Model /Control/Air

Lookup Tables
Math Operations
Matrix Operations
Messages & Events
Madel Verification
Madel-Wide Utilities
Ports & Subsystems
signal Attributes
Signal Routing
Sinks
Sources
String
User-Defined Functions
> Additional Math & Discrete
> Quick Insert
» Embedded Coder
Fixed-Point Designer

>

> HDL Coder

» LESP

¥ LESP Madel Reference

~ Control

Air Management
Balancing
CRS Rail Pressure
Knock
Speed Contral

¥ Functions
Engine Start
Engine State
¥ Sensors
¥ Input Processing
Dual Fuel

Fixed-Point Designer HDL Support

WLO Fuel Metering Valve

Throttle Control

Figure 7-1. LESP Model Reference ‘Control — Throttle Control’ Block

e  Control — Throttle Control
This model reference block contains the logic to perform throttle control functionality inside the
application. This can be used for air/fuel ratio control purposes.
It can be used for real throttle valve control but can also be used to control bypass or wastegate

valve.
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Throttle Control Block Interface

Throttle Control

Figure 7-2. LESP Model Reference ‘Throttle Control’ Block

Table 7-1. ‘Throttle Control’ Block

Port DataType Description

[In] Enable boolean Input that defines if the logic inside the
block is enabled or not.

[In] Setpoint single This input requires an array of the exhaust
Gas Temperatures of each individual
cylinder.

[In] Primary Feedback AnalogSensorBus This input requires the primary feedback

of the throttle valve. This is normally an
analog value that will be proportional to
the valve position.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 - Valid

1 - Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed

5 — ReferenceSourceFailed

6 — OpenCircuit

[In] Secondary AnalogSensorBus This input requires the secondary
Feedback feedback of the throttle valve. This
normally comes through bus
communication like CAN - J1939, CAN
open, etc...

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status _enum)
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0 - Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Speed (RPM)

single

This input requires the actual Speed
Signal in RPM as defined in the
application. It will be used to define the
speed threshold to enable the Throttle
Control logic.

[In] Load (%)

single

This input requires the actual Load Signal
in % as defined in the application. It will be
used to define the load threshold to enable
the Throttle Control logic.

[In] Reset

boolean

Input that requires the application to be
reset and connected. It is required to reset
a fault condition inside the Throttle Control
reference block.

[Out] Enabled

boolean

This output provides feedback if the block
is enabled or not.

[Out] Position Command
(%)

Single

This output provides the position
command for the throttle valve

Example Model Using the Blocks

Below is a very simple setup using MotoHawk Calibration and MotoHawk Probes blocks to make the

model suitable for building.

[%a] control_air Management P [Pa] Triggered Subsystem »

Name : Enable = 1
 Behavior : Calibration

Name : Setpoint = 50
pgBehavior - Calibration

Primary Feedback
Secondary_Feedback

Primary Feedback1

Name : Engine Speed = 1500
pgBehavior : calibration

Name : Engine Load = 20
g Behavior : Calibration

Name : Reset = 0
pgBehavior : Calibration

Name : Enabled

Name : Position_Command

Figure 7-3. Simple Example Model, Using the Control - Air Management Block

The required files will generate when compiling. If the Toolkit required blocks are also added to the
application model, it will generate the required SID files for the Toolkit HMI tool creation.
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Default ToolKit Pages

Opening a new Toolkit application and selecting the correctly generated .sid file will look like the
screenshot below.

B& Design Tools

Tool Explorer  Components

Parameter Explorer
Device:

Devicel (Control_Air_Management_002) -
B
» | Air Management

4 Control
4 Air

i Throttlel ' _

b = Control_Air_Management
> o System

Other Components
A= Label
(] Navigation Button
[2a] Static Image
() Offline Editor Button
(=) Run Button
[+ X-¥ Chart
[5] Buffered Editing Panel
(%) Help Button

Figure 7-4. SID File Selection Control — Air Management Logic

Below are a few of the Toolkit pages that contain most of the defined parameters in the example model.

Of course, the real sensors and data must be attached to complete it for the application that is being
worked on. For that reason, red X’s appear on some pages.
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¥ Control_AiManagement Toolwtaol - Woodward ToolKit

View  Settings  Tools

O »2HE A & Z & la

AitManagement - Valves

e
Open  Close | Save | Save Design Connect  Disconnect Load Communication
S As ode Application Statistics
Tool Device
Enable Inhibitors None
Configure Thrattle

Throttle

Tttctconotictuatessock—

Tttt coirotsepar: -

Active Sensor Primary Throttle Command

[} i 2 0 ) 50 50 kY 20 % 100
p—————Control———— Control 0.00 %
Actual Lambda 50.00 e >
——Erro—————® Error 0.00
Setpoint 50.00 —setpoin——p Controller —————F-Term————— P-Tem 0.00 %
Error Gain 100 g » LTem 000 %
P-Gain 0.00 )
———eee——Dynami e
I1-Gain 0.00
D-Gain 0.00
L —
Connected on Kvaser USBcan Professional HS/H #0 (Channel

View  Settings

O~»2HE A & 2

u — el L

New  Open  Close  Save  Save Design Connect  Disconnect
e As Mode

AirManagement - Valves

Load Communication <=
Application Statistics alues

Tool Device

Enable Inhibitors None

@, Offline Settings Editor

Throttle1ControllerActualFeedback| . .
Configuration

Throttlel ControllerSetpoint|

Back  Foward Previous  Next
- - e Page
Navigation Tools
Configuration
Throttle Sensor
Requires Reset To Switch From Secondary to Primary Sensor %
Output Transition
. so0p | Shutdown Position of %
Deactivation Transition Time 05)s

Setpoint 5000 4 %
Error Gain 100 %
P-Gain 0.00 4 oK Close
I-Gain 0.00
D-Gain 0.00

D-Tearme————p

Connected on Kv:
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View  Settings  Tools % Offine Settings Editor

D ~ Emln Controller
MNew Dpvan O

Back  Forward Previous  Next Search
< Page

Tool

Navigation Tools

Configure Thrattl FeedForward -
Load (%)
| 00 125 250] 373 500] 625 75.0) 1.5 1000
Throttie]C
et 00 10 1.0 0 10 10 10 1.0 10 0
2500 10 1.0 10 10 10 1.0 1.0 10 0
2| 000 10 1.0 10 10 10 1.0 1.0 10 0
Throttlel Controllet 2| ™ 7550 10 10 10 10 10 10 1.0 10 0
£l 10000 10 1.0 10 10 10 1.0 1.0 10 0
8l 12500 10 1.0 10 10 10 1.0 1.0 10 0
15000 10 1.0 10 10 10 1.0 1.0 10 0
17500 10 1.0 10 10 10 1.0 10 10 10
20000 10 1.0 10 10 10 1.0 10 10 10

FeedForward (%)

Feedback
Actual Lambda = Error Gain Adjust 1
Speed (RPM) Error (%)
00) 2625 525.0] 7e75]  w0s00] 13123 15750 18375] 21000 -100 X} 50 23] 0]
[ 1.000) 1.000) 1.000 1.000 1.000) 1.000) 1.00) 1.000 1.000 00 1.000) 1.000 1.000 1.000) 1.000)
125 1.000) 1.000) 1000 1.000 1.000) 1.000) 1.000) 1.000 1000 125 1.000) 1000 1.000 1.000) 1.000)
230 1.000) 1.000) 1000 1.000 1.000) 1.000) 1.000) 1.000 1000 50 1.000) 1000 1.000 1.000) 1.000)
gl s 1.000) 1.000) 1000 1.000 1.000) 1.000) 1.000) 1.000 w00 @l s 1.000) 1000 1.000 1.000) 1.000)
H 500 1.000 1.000) 1.000 1.000 1.000 1.000 1.000) 1.000 00 3 500 1.000) 1.000 1.000 1.000 1.000
S 00 E as tom oo 1o oo oo tom|  tooo| 1o 1w & e 0| oo 1000 1000 1000
70 1.000) 1.000) 1000 1.000 1.000) 1.000) 1.000) 1.000 1000 750 1.000) 1000 1.000 1.000) 1.000)
s 1.000) 1.000) 1.000 1.000 1.000) 1.000) 1.000) 1.000 1000 875 1.000) 1.000 1.000 1.000) 1.000)
1000 1.000) 1.000) 1000 1.000 1.000) 1.000) 1,000 1000 1000 1000 1.000) 1000 1.000 1.000) 1.000)
Error Gain P Gain 0
Error Gain 1
1Gain Adjust [)
P-Gain Error (%) Error (%)
Gain r -10.0] 73] 5.0 23] 0.0] 23] 5.0] 75] 100 -10.0] EX] -5.0] 23] 0.0]
00 1.000] 1.000] 1.000] 1.000] 1.000] 1.000] 1.000] 1.000] 1.000 00 1.000] 1.000] 1.000] 1.000] 1.000]
Datan LY 125 1.000] 1.000] 1000 1.000] 1.000] 1.000] 100 1000 100 125 1.000] 1000 1.000] 1.000] 1.000]
o 1.000] 1o00[ 1000 1000l 1.000] 1.000] 1000l 1000/ 1000 Y 1o00[ 1000 1000l 1.000] 1o00[

Connected on Ky

Figure 7-5. Examples of the Toolkit Pages
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Functional Description — Throttle Control

The following describes the logic that has been setup for the Throttle and/or Bypass, and/or Wastegate
Valves. The Throttle/Bypass/Wastegate are electronically controlled valves which can be used to setup
the air fuel ratio (AFR) and influence starting behavior.

The AFR is normally set by means of feedforward tables, where the throttle can be additionally controlled

in close loop control with UEGO sensor feedback. The following chapters will provide more details on
each of the valves, using Woodward valves as an example.

F-Series Valve

Figure 7-6. Throttle Valve — F-Series ITB

Additional details on the F-series can be found in manual B26355.
The Bypass Valve Logic can be altered from the Toolkit page as shown below:

0

fal

3o
>

© O R

\&WOODWARD[ s
6WH20 DF v1.1 [N ﬂ\:lL
—

Figure 7-7. Toolkit Throttle/Bypass/Wastegate Valve Configuration Page

The offline configuration page for the Throttle/Bypass/Wastegate valve is used to setup the LECM control
part for the command signal.

Woodward 169



Manual 35203V2 Large Engine System Platform: Software Features

N - A
© 60 R 2 2 A~

e

6WH20 DF v1.1 I (oo oo oo o[ e [ [0 o i (5[] i s | SRR

AFRSwitch  AFR Control Enabled  Bypasz Control Ensbled
° ° °

: ‘
Wo WOODWA R D[ [Lcrtoren] [ s |[ o || cammer

=3 H

Dashboard
DateTime Apr 17,2021 - 01:25:48 AN

RunTime 000000008:0434
Enginesiate  Stopped Ol Corfiguration
Modute
Termperature £ e
It Votage 21 v
EncoderStte Zero Speed
Speed Setpoint 00 RPM InetBypass Configuration
105elect Postion () Duty Cyce ()
oo 00 100
4000 bar 00 ED
022 bar
00 mma/cyl
00 %
00 %
00 W

@siop @ Fuel CutRequest. @ FautPrtection
@GOk @ GasVabie Ok @ Gas Mode
@ Al
@ Povertimit 1
@rouertimts2 @

@Pouerlimt s @ BackTo Lowldle

@ Ko e pecd

Figure 7-8. Throttle/Bypass/Wastegate Valve Configuration Setup

The position feedback of the F-Series Inlet Bypass valve can be set up from the Sensing Toolkit Page,
selecting Throttle. The Toolkit screenshot below indicates the buttons to click.

W wooowaroll
D

6WH20 DF v1.1

Figure 7-9. Bypass Inlet Valve Feedback Setup

When the Command and Feedback Signals are setup, additional diagnostics can be used to setup an
alarm or special fault actions when a fault/mismatch is detected for this device.

&, Offin sttings Editor

Page

Sensor Diagnostics
Sensor Failed High!Low Fault Delay. 055
Sensor Failed High

High Threshold 43)

Sensor Failed Low
Low Threshold 01

[T Engine Stop Required To Clear [ Engine Stop Required To Clear

os Automaticaly Recover After os
Active - Condition #1 Active

Alarm Harm

Active Act

None - Action 22 None

Command vs Actual Diagnostics

Command Error High/Low Fault Delay 1

Figure 7-10. Throttle/Bypass/Wastegate Inlet Valve Diagnostics Setup
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The position setup of the Throttle/Bypass/Wastegate valve during engine operation can be set from a
table that is load and speed dependent. The opening position of the valve must be set during
commissioning and fine-tuned over the whole engine operating range.

DAl S

w, WOODWARD]i uuuuuuuuuuuu
6WH20 DF v1.1 NS |- ‘\IH

00 mmavet
00 %
o0 %
o0

@ eep Rt speed

Figure 7-11. Bypass Inlet Valve Position Setup

Some diagnostics from the F-Series can also be monitored and viewed on the same page by selecting
Diagnostics in the Select View drop down menu.

%WOODWARDF n |25
6WH20 DF v1.1 IS ‘\:\ B
]
e ==

Detelime. pr17 2021014019

Contioure s Control

RunTime 00000803

stopped

367 degc
w1y

0 s %
i

00 Rom
00 Rom

a0 bar wia

023 bar wid

0] s Opentionsatus Normal wid
00 %
osd % Actve Disgnesti i 0 e 0
0 W q 0 T
@iop @ Fusl CutRequast @ FaultProtecion

@GOk @ asove Ok @ Gasode

Figure 7-12. Throttle/Bypass/Wastegate Valve Diagnostics Monitor

The F-Series actuator has its own software tool (5418-2745) if more details are required during
troubleshooting. Also, this tool is Toolkit-based and a special breakout cable is required to connect the
unit to the PC via serial connection.
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Figure 7-13. F-Series Actuator Tool
R-Series Valve

An R-Series actuator can also be used to control the Throttle/Bypass/\Wastegate valve.

Figure 7-14. Throttle/Bypass/Wastegate Valve - R-Series Actuator
More details on the R-series can be found in manual B26845.

The Throttle/Bypass/Wastegate Valve Logic can be altered from the Toolkit page as shown in the
example below.

Woodward 172



Manual 35203V2 Large Engine System Platform: Software Features

W Wo0DWARD [l [1mors] s oew o ||

6WH20 DF v1.1 [ = [ “"‘H‘* E\ﬁ\‘?ﬂ =
L

Dashbosrd
Datelime Apr 17, 2021 011129 AM

funTime 0000000080434

Enginestate Stopped
367 deoC

20 v

00 Rom
00 oM
4000 bor
22 bar
emand 00 mmey

00 %

00 %
00 .
P @FuslCutRequest @ Faut Potection

@60 0K @ Gar Ve 0K @ Gasde

Figure 7-15. Toolkit Throttle/Bypass/Wastegate Valve Configuration Page

The offline configuration page for the Throttle/Bypass/Wastegate valve is used to setup the control part
for the command signal.

e s
o’::’}: “: ’f’.:' OModse hModve| | Save

AFRSwitch  AFR ContolEnabled _Bypass Control
° °

Configure Thitte Cortrol || Configure ypass Control

‘‘‘‘‘‘‘ ) Duycyde
w0 00
000 %0

00 /eyl Positon (9 Curtent (mé)
0 M

00 no

10Select Notused ©
00 %
0%

(AN p-Seres Miode)

00 KW Pt 3

@ el CutRequest @ FautProtecton hate 10]ms

@G0k @ossae 0k @ GasMode

Figure 7-16. Throttle/Bypass/Wastegate Valve Configuration Setup

The position feedback for the R-Series Throttle valve can be set up from the Sensing Toolkit Page,
selecting Throttle. The Toolkit screenshot below indicates which buttons to click.

¥ wooowARD
6WH20 DF v1.1 [

‘nanestoes

Figure 7-17. Throttle Valve Feedback Setup
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Next to the Analog Command Signal and Feedback Signal from R-Series, it is also possible to connect

the CAN link of the R-Series (CAN1) to the CAN1 of the LECM main board. In Toolkit, this setup can be
configured by going to the page mentioned below.

(YA View  Settings  Tools

@ @ 7.00- Datalink: Overview g o O
L T ]
D L] FI H ,&‘ (] 3
[l — Lux
New  Open  Close Save Save Design Connect  Disconnect
& s Mode
1 ~Configuration 4 ~Contro
W woopwaRrD [ [emeee
o [ == =
6WH20 DF v1.1 [ [ o [ &=
| ENGINE RUNNING | ‘ T EUS es
Dashboard
DateTime  Apr 18, 2021 - 10:2631 PM
@ DM13 Stop Broadcast Active
Engine State Running
Module @ DM13 Suspend Active
Temperature 365 [egC
Claimed Address 3
M — — [ ot messages |
Claim State Claim Successf sful
Encoder State Full Synchronization

Speed Setpoint 10000 RPM

Speed 10061 RPM

Figure 7-18. Throttle Valve Datalink

Clicking the “Throttle Messages = ” page will open another page that lets you define the required
command and/or feedback messages for J1939, even as each of the signal’s timeout.

The Throttle Feedback Signal (PGN64916) provides more diagnostic info from the R-Series Throttle
valve.

o1a
013 e

) o

Figure 7-19. Throttle Valve J1939 Command/Feedback and Additional Info

When Command and Feedback Signals are set up, additional diagnostics can be used to setup Alarm or
special Fault Actions when a fault/mismatch is detected for this device.

When CAN and analog signals are used, the switch between both (primary and secondary sources) is
done automatically.
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Search

Sensor Diagnostics — contguration

Sensor Faled High/Low Faul Delay 055
Sensor Filed Hich SensorFaled Low
High Threshold 2 LowThreshold
[ Engine Stop Reguired To Clear 7] Engine Stop Required To Clear

os

Automatically Recover After os

2 Active

Acton 22 None Actions2 Nene

Command vs Actual Diagnostics
dErrHighlLow Pl ely 5

Figure 7-20. Throttle/Bypass/Wastegate Valve Diagnostics Setup
The position setup of the Throttle/Bypass/Wastegate valve during engine operation can be set from a

table that is load and speed dependent. The opening position of the valve must be set during
commissioning and fine-tuned over the whole engine operating range.

The control for throttle consists of two pieces: Feedforward Table and Feedback PID Control.

DoldE A
A WDD;)WARD.“‘”
:ev%-lza DF v1.1 QJ‘\:HL/E

ENGINE RUNNING *

specdF90)

Y

" o

W, woopwarp il
= =]

6WH20 DF v1.1

Figure 7-22. Throttle/Bypass/Wastegate Valve Feedback PID Setup
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The Feedback PID setup controls the Throttle/Bypass/Wastegate valve based on the UEGO Sensor
Feedback signal. The Overview page of the Throttle Control Valve shows a table where lambda desired
can be set, based on speed and load.

Figure 7-23. Throttle Valve Desired AFR Setup

The AFR close loop can be enabled/disabled with local parameters in Toolkit, but also by means of a
discrete input (AFR Enable). This allows flexibility for when AFR control is required and when it is not.

The R-Series actuator has its own software tool (9927-2264) if more details are required during
troubleshooting. This tool is Toolkit-based and a Kvaser CAN to USB cable is required to connect the unit
to the PC.

MW, woopwarD Monitor Mode Overview Rotre 2.2 s Monitor Mods
R series —

Figure 7-24. Throttle/Bypass/Wastegate Valve Service Tool
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Chapter 8.
Functions — Engine State

Introduction

The ‘Functions — Engine State’ blockset is used to define the Engine State function so it can be used
inside the application where used. The Engine State Default Strategy will provide State Flags, which will
be useful in other parts of the application. Inside the blockset, two blocks are available as shown in the
figure below.

ES Simulink Library Browser — m] x

@ & [ A G- @] @

LESP Model Reference/Functions/Engine State

Lookup Tables - -
Math Operations
Matrix Operations
Messages & Events
Madel Verification
Madel-Wide Utilities
Ports & Subsystems
signal Attributes
Signal Routing
Sinks
Sources
string
User-Defined Functions
> Additional Math & Discrete
> Quick Insert
» Embedded Coder
Fixed-Point Designer
» Fixed-Point Designer HDL Support
> HODL Coder
* LESP
¥ LESP Madel Reference
~ Control
Air Management 0 Engine State

Balancing
CRS Rail Pressure
Knock
Speed Contral
WLO Fuel Metering Valve
¥ Functions
Engine Start
Engine State
» Sensors
¥ Input Processing
Dual Fuel
UEGO
MatoHawk
MatoHawk Annotations

v

MotoHawk Flexible Encoder
MatoHawk FPGA

MatoHawk OBD Fault Manager
MotoHawk VDO Gauge
simulink 3D Animation

v

v v

simulink Coder

v

Simulink Extras
Stateflow
Woodward Custom Madbus Master/Slave

S

v

v Engine State Default Strategy v

Figure 8-1. LESP Model Reference ‘Functions — Engine State’ Blocks

e  Engine State Default Strategy
This is the default strategy that is used in the standard WWD LESP software. It has several
thresholds to transfer between states, which can be calibrated once this block is included in the
application.

e Engine State
If a ‘self-defined’ Engine State logic is preferred, it can be fed though this block to map it to the
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EngineStatusBus that is used through more LESP-based blocksets. The ‘self-made’ logic for state
definitions will then be merged into the EngineStatusBus output field.

Engine State Default Strategy Block Interface

&

Engine State Default Strategy

Figure 8-2. LESP Model Reference ‘Functions — Engine State’ Block

Table 8-1. ‘Speed Control Setpoints’ Block

Port DataType Description

[In] RunStop boolean Input that requires the RunStop status
feedback in the application.

Run — Engine is ready to run and
SpeedControl will be active.

Stop — Engine will shut down and go into
Stop state.

[In] Emergency Stop boolean This input requires the Emergency Stop
Input signal as defined in the application.
Emergency Stop is a direct shutdown of
the fuel to force engine stop.

[In] Immediate boolean This input requires the Immediate
Shutdown Shutdown Input as defined in the
application.
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Immediate Shutdown means the engine
will be stopped instantly, not following any
cooldown action or similar sequence.

[RPM]

[In] Engine State [enum] | uint8 The actual engine state the engine is
operating in at that particular moment.
These states (lesp_engine_state_enum)
are defined as below:
0 — Stopped
1 — Prestart
2 — Starting
3 —Warmup
4 — Running
5 — Cooldown
6 — Stopping
7 — Postrun
[In] Engine Start boolean This input requires the actual Engine Start
Request Request input as defined in the
application.
[In] Speed [RPM] single This input requires the actual Speed
Signal as defined in the application.
[In] IdleSpeed Setpoint single This input requires the actual Idle Speed

Setpoint as defined in the application.

[In] Low-Side Fuel
Pressure [kPa]

AnalogSensorBus

This input requires the actual Low-Side
Fuel Pressure as defined in the
application.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 — Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Engine Coolant
Temperature [degC]

AnalogSensorBus

This input requires the actual Engine
Coolant Temperature as defined in the
application.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Lube Qil Pressure
[kPa]

AnalogSensorBus

This input requires the actual Lube Oil
Pressure as defined in the application.
Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

Woodward

179



Manual 35203V2

Large Engine System Platform: Software Features

- MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 — Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Lube Qil
Temperature [degC]

AnalogSensorBus

This input requires the actual Lube Oil
Temperature as defined in the application.
Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 — Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

Flag

[Out] PreStart Complete | boolean This output provides Block feedback to

Flag indicate if the PreStart Engine State is
complete or not.

[Out] Warmup Complete | boolean This output provides Block feedback to

Flag indicate if the WarmUp State is complete
or not.

[Out] Immediate boolean This output provides Block feedback to

Shutdown Flag indicate if an Immediate Shutdown is
active or not.

[Out] Cooldown boolean This output provides Block feedback to

Complete Flag indicate if the CoolDown Engine State is
complete or not.

[Out] Postrun Complete | boolean This output provides Block feedback to

indicate if the PostRun Engine State is
complete or not.
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&

Engine State Block Interface

Figure 8-3. LESP Model Reference ‘Functions — Engine State’ Block

Table 8-2. ‘Speed Control Setpoints’ Block

Port

DataType

Description

[In] RunStop

boolean

Input that requires the RunStop status
feedback in the application.

Run — Engine is ready to run and
SpeedControl will be active.

Stop — Engine will shut down and go into
Stop state.

[In] Prestart Complete

boolean

This input provides feedback to the Block
to indicate if the PreStart Engine State is
complete or not.

It can be fed with a signal from the
application’s own created logic or from the
‘Engine State Default Strategy’ Block.

[In] Warmup Complete

Boolean

This input provides feedback to the Block
to indicate if the WarmUp Engine State is
complete or not.

It can be fed with a signal from the
application’s own created logic or from the
‘Engine State Default Strategy’ Block.

[In] Immediate
Shutdown

Boolean

This input requires the Immediate
Shutdown Input as defined in the
application.

Immediate Shutdown means that the
engine will be stopped instantly, not
following any cooldown action or similar
sequence.
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[In] Cooldown Complete

Boolean

This input provides feedback to the Block
to indicate if the CoolDown Engine State is
complete or not.

It can be fed with a signal from the
application’s own created logic or from the
‘Engine State Default Strategy’ Block.

[In] Postrun Complete

Boolean

This input provides feedback to the Block
to indicate if the PostRun Engine State is
complete or not.

It can be fed with a signal from the
application’s own created logic or from the
‘Engine State Default Strategy’ Block.

[In] Speed [RPM]

Single

This input requires the actual Speed
Signal as defined in the application.

[Out] Engine State

EngineStatusBus

The actual engine state that the engine is
operating in at that particular moment.
These states (lesp_engine_state_enum)
are defined as below:

0 — Stopped

1 — Prestart
2 — Starting

3 — Warmup
4 — Running
5 — Cooldown
6 — Stopping
7 — Postrun

Example Model Using the Blocks

Below is a very simple setup using MotoHawk Calibration and MotoHawk Probes blocks to make the

model suitable for building.

[%alFunctions_Enginestate » [Pa] Triggered subsystem »

ngine Gaotan!_Temperaturet

2

Figure 8-4. Simple Example Model, Using the Functions — Engine State Blocks

When compiling, it will generate the required files and if the Toolkit required blocks are also added to the
application model, it will generate the required SID files for the Toolkit HMI tool creation.
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Default ToolKit Pages

Opening a new Toolkit application and selecting the correctly generated .sid file will look like the below
screenshot.

B& Design Tools

Tool Explorer = Components

Parameter Explorer
Device:

Devicel (Functions_EngineState_001) v
5] Q
b Engine State
» | Functions_EngineState h
4 Inputs
4 Virtual

> | Engine State
b System

Other Components
A= Label

(%] Navigation Button
[24] Static Image

() Offline Editor Button
(=) Run Button

[ 4 %Y Chart

[Z] Buffered Editing Panel
() Help Button

Figure 8-5. SID File Selection Functions — Engine States Logic

Below are a few of the Toolkit pages that will contain most of the defined parameters in the example

model. Of course, the real sensors and data must be attached to complete it for the application that is
being worked on. For that reason, red X’'s appear on some pages.

¥ Woodward Toolkit

Settings  Tools

Engine State

Communicat tion

¢t Load Save
s Mode Application Statistics Values
Tool Device
Config
Fowr O
Time In State: S
Total Time In State: 010 hrs
Sare Requeste @ Warmup Complete
Frasae Stopped Fostun Camples Fosun
Warmup Complete Inhibitors  None
StarCanca
Rexating Engiestcpped
Nt Rotating
Rexsting
Saring swoppire
Warmup el Shutdenn
StarCompisce

(Connected on Kvaser USBcan Professional HS/H #0 (Channel 0) | 4 Details...
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P Offline Settings Editor

Engine State

Q

Back  Forwerd Previous  Next Search
- - age Page
Havigation Tools
Prestart C

Enable Prestart State

Minimum Required Time In Prestart 30 s
Engine Coolant Temperature Transition Limit -0 degC D
Lube Oil Pressure Transition Limit 101] kPa Enable Postrun State
Fuel Filter Inlet Pressure Transition Limit 101 kPa Minimum Required Time In Postrun 105
Prestart Stopped Pl Postrun
Rm!king Engh lm,,pm Stopped Threshold 5| RPH
S I [
Starting State Exit Speed 300| RPM | e Rowmting
Rotsting
Start State Exit Speed Timeout 15 Eiig __—— "I
Warmup Stall/Shutdown
Engine Stopped Speed Threshold 5| RPM /_"
Start Complete Running Stal Shutdown ‘Cooldown Complete
Morsred fun
Wamip Running Cookdown

Warmup C )\‘\W
Enable Warmup State ‘Warmup Stop Reque:

Start Minimum Timer When Idle Speed Setpoint Is Reached Cooldown C

Enable Ceoldown State

Minimum Required Time In Warmup ofs

Start Minimum Timer When Idle Speed Setpoint Is Reached
Warmup Stall Speed 250| RPM

Minimurm Required Time In Cooldown 30]s
[T] Lube Gil Temp Condition Enable

Running/ Cooldown Stall Speed 250| RPM
Lube Oil Temp Must Be At Least 50/ degC

[ Engine Coolant Temp Condition Enable
[C] Engine Coolant Temp Condition Enable

oK Close Apply

Figure 8-6. Examples of the Functions - Engine State Toolkit Pages
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Functional Description - Engine State

The following describes the LECM CRS engine state and corresponding configurations. Although the
engine states may remain constant across application variants, the sequencing/conditions/actions taken
for each state may vary. The software supports 8 engine states (4 mandatory, 4 opt-out states) as
illustrated in the figure below. The engine state is used to drive specific state-based control strategies and

diagnostic behaviors.

‘ Optional State ‘

¢—Run
Prestart Postrun Cqmplete Postrun
Rotating
Rotating Engine Stopped

NotRotating
Rotating

Running Stall
Shutdown
Cooldown Complete

Start Complete

Shutdown

Motored Run

Warmup Warmup Complete: Stop Reque ste d——p| Cooldown

Warmup Stop Request:

Figure 8-7. Engine State Overview

States
e Stopped

o The stopped state signifies the engine in a stopped state and when a stop request is
active before an engine start.
e Prestart (optional)
o The prestart state is used to enable systems required to run before engine start and/or
perform conditional checks before allowing the engine to start.
e Starting
o The starting state reflects the engine rotating or actively engaged with the starter; speed
is generally below idle speed. The starting state consists of a starting exit speed and
timeout which will transition to the warmup state once speed is at or above the exit speed
for the timeout period. A speed threshold for when to transition back to stopped is also
provided.

Woodward 185



Manual 35203V2 Large Engine System Platform: Software Features

Starting Configuration

Starting State Exit Speed RPM
Start State Exit Speed Timeout 5
Engine Stopped Speed Threshold RPM

Figure 8-8. Engine Starting State Exit Conditions

e  Warmup (optional)

o The warmup state is equivalent to an engine run state; however, can it drive specific
application behaviors to allow for different operational commands while the engine is
warming up (e.g. stay at idle, single injection event, etc...).

¢ Running
o The running state signifies the engine is operating in run mode.
e Cooldown (optional)

o The cooldown state is equivalent to an engine run state; however, it can drive specific
application behaviors to allow for different operational commands while the engine is
cooling down (e.g. slower speed, single injection event, etc...) and is typically entered
when a normal shutdown is requested.

e Stopping

o The stopping state signifies all fueling commands are disabled and the engine is currently

“rolling down,” or stopping.
e Postrun (optional)

o The postrun state is used to enable systems required to run after an engine stop (e.g.

reduce rail pressure).

Default Strategies

Default Prestart Strategy

The standard software supports an optional prestart strategy with the following conditions that must be
met before the prestart complete flag is asserted, allowing for an engine start request to commence:

Minimum time required to remain in prestart state.
Engine coolant temperature is at or above a threshold.
Lube oil pressure is at or above a threshold.

Fuel filter inlet pressure is at or above a threshold.

PON-~

Prestart Configuration

|+ Enable Prestart State

Minimum Reguired Time In Prestart

Engine Coolant Temperature Transition Limit degC

Lube Qil Pressure Transition Limit 101| kPa

Fuel Filter Inlet Pressure Transition Limit 101| kFa

Figure 8-9. Prestart Configurations
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Default Warmup Strategy

The standard software supports an optional warmup strategy that allows for customized fueling
commands and holds the idle speed setpoint while the engine is in the warmup state. The following
conditions that must be met before the warmup complete flag is asserted, allowing for normal engine run
operational state to commence:

1. Minimum time required to remain in warmup state with an option to start the minimum time once
the idle speed setpoint has been reached.

2. Lube oil temperature is at or above a threshold.

3. Engine coolant temperature is at or above a threshold.

‘warmup Configuration

[+ Enable Warmup State

[+ Start Minimum Timer \When Idle Speed Setpoint |s Reached

Minimum Reguired Time In \Warmup Ijl 5
Warmup Stall Speed RPM

| Lube Oil Temp Condition Enable

Lube Oil Temp Must Be At Least T 50| degC

[ Engine Coolant Temp Condition Enable

Engine Coolant Temp Must Be At Least degC

Figure 8-10. Warmup Configurations

The state also supports a stall speed that will transition to the Stopping state if speed drops below the
stall threshold while in the Warmup state.

Default Cooldown Strategy

The standard software supports an optional cooldown strategy that allows for customized fueling
commands and holds the idle speed setpoint while the engine is in the cooldown state. The following
conditions that must be met before the cooldown complete flag is asserted, allowing for normal engine
stop to commence:

1. Minimum time required to remain in cooldown state with an option to start the minimum time once
the idle speed setpoint has been reached.

2. Lube Oil Temperature is at or below a threshold.

3. Engine Coolant Temperature is at or below a threshold.
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Cooldown Configuration
Iv¥" Enable Cooldown State
[+ Start Minimum Timer Wwhen |dle Speed Setpoint s Reached
Minimum Reguired Time In Cooldown s

Running/Cooldown Stall Speed 250 RPM

| Engine Cooclant Temp Condition Enable

Engine Coolant Temp Must Be At Least degC
[ Lube Oil Temp Condition Enable
Lube Qil Temp Must Be At Least 100| degC

—_
(= 75}
3 =]

Figure 8-11. Cooldown Configurations

The state also supports a stall speed that will transition to the Stopping state if speed drops below the
stall threshold while in the Cooldown state.

Default Postrun Strategy

The standard software supports an optional postrun strategy with the following conditions that must be
met before the postrun complete flag is asserted, allowing the engine state to enter the Stopped state:

1. Minimum time required to remain in postrun state.

Postrun Configuration

[¥ Enable Postrun State

—
(=)

Minimum Reguired Time In Postrun s

Figure 8-12. Postrun Configurations
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Chapter 9.

Functions — Engine Start

Introduction

The ‘Functions — Engine Start’ blockset can be used for controlling engine Start and/or Engine Start
Request. This includes starter motor control, automatic re-start, and cooldown logic for the starter motor.
Inside the blockset, two blocks are available as shown in the screenshot below.

E Simulink Library Browser _ O %

¢ & [mowiar b -@-a- @)= @

LESP Model Reference/Functions/Engine Start

v

Embedded Coder ~
Fixed-Point Designer
» Fixed-Point Designer HDL Support
> HODL Coder
» LESP
¥ LESP Madel Reference
~ Control
Air Management
Balancing
CRS Rail Pressure
Knock
Speed Contral
WLO Fuel Metering Valve
¥ Functions
Engine Start
Engine State
» Sensors
¥ Input Processing
Dual Fuel
UEGO
MatoHawk
MatoHawk Annotations

v

MotoHawk Flexible Encoder
MatoHawk FPGA
MatoHawk OBD Fault Manager

Engine Start Control Engine Start Request

v

Figure 9-1. LESP Model Reference ‘Functions — Engine Start’ Blocks

e  Engine Start Control
This block can be used to define the Engine Start Control logic inside the application.

¢  Engine Start Request
This block can be used to define the Engine Start Request.
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Engine Start Control Block Interface

Engine Start Control

Figure 9-2. LESP Model Reference ‘Functions — Engine Start Control’ Block

Table 9-1. ‘Speed Control Setpoints’ Block

Port

DataType

Description

[In] RunStop

boolean

Input that requires the RunStop status
feedback in the application.

Run — Engine is ready to run and
SpeedControl will be active.

Stop — Engine will shut down and go into
Stop state.

[In] Emergency Stop

boolean

This input requires the Emergency Stop
input signal as defined in the application.
Emergency Stop is a direct fuel shut down
to force engine stop.

[In] Start Interlock

boolean

This input requires the Start Interlock input
signal as defined in the application.

Start Interlock indicates starting needs to
be inhibited. An example of when this is
required is if the turning wheel or engine is
under maintenance.

[In] Engine Start Mode
[enum]

uint8

Input that defines starting in Manual or in
Auto Mode. Manual Mode requires manual
activation of the starter motor each time
after a start attempt. Automatic mode is 1 x
starter motor activation, and when start is
not successful, it will retry for X amount of
times until the engine starts.
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Enum: lesp_engine_start_mode_enum
0 — Manual
1- Auto

[In] Engine Start
Request [enum]

uint8

This input requires the actual Engine Start
Request input as defined in the application.
It indicates ready or not, normal, or rapid
start.

enum: lesp_engine_start_request_enum

0 — NotReady

1 — Ready

2 — Normal

3 — Rapid

[In] Speed [RPM]

single

This input requires the actual Speed Signal
as defined in the application.

[In] Engine State [enum]

uint8

The actual engine state the engine is
operating in at that particular moment.
These states (lesp_engine_state_enum)
are defined as below:

0 — Stopped

1 — Prestart

2 — Starting

3 — Warmup

4 — Running

5 — Cooldown

6 — Stopping

7 — Postrun

[In] Engine Start Failed
Active

boolean

This input requires the feedback if the
engine start has failed.

TRUE - Failed

FALSE — Not Failed

[Out] Engine Start

Bus

Output that defines the Engine Start (bus).
The Bus defines:
-DiscreteOutput (bus)

- 10Select_enum

- BehaviorSelect_enum

- State_enum

- DutyCycle_Pct

- Frequency Hz

- Engine StartState_enum
(lesp_engine_start_state_enum)

0 - Waiting For Start Request

1 - Starter Active

2 - Starter Cooldown

3 - Waiting For Reset

4 - Waiting For Stop Command
5 - Engine Running

- EngineStartinterlockCause_enum
(lesp_engine_start_interlock_cause_enum)

0 - None

1 - Stop Commanded

2 - Emergency Stop Active
3 - Start Interlock Active

4 - Request Not Available
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Engine Start Request

Figure 9-3. LESP Model Reference ‘Functions — Engine Start Request’ Block

Table 9-2. ‘Speed Control Setpoints’ Block

Port DataType Description

[In] Prestart Complete boolean Input that requires the RunStop status
feedback in the application.

Run — Engine is ready to run and
SpeedControl is active.

Stop — Engine will shut down and go into
Stop state.

[In] RunStop boolean Input that requires the RunStop status
feedback in the application.

Run — Engine is ready to run and
SpeedControl will be active.

Stop — Engine will shut down and go into
Stop state.

[In] Emergency Stop boolean This input requires the Emergency Stop
input signal as defined in the application.
Emergency Stop is a direct fuel shutdown
to force engine stop.

[In] Start Interlock boolean This input requires the Start Interlock input
signal as defined in the application.

Start Interlock indicates that starting needs
to be inhibited. An example for when this
is required is if the turning wheel or engine
is under maintenance.

[In] Shutdown boolean Input that requires the Shutdown status
feedback in the application.
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[In] Normal Start
Request Switch [enum]

uint8

The Engine Start Request switch supports
a switch input that requests a normal
engine start when the engine start logic is
configured for manual mode.

enum: lesp_engine_start_request_enum
0 — Not Ready

1 — Ready

2 — Normal

3 — Rapid

[In] Rapid Start Request
Switch [enum]

uint8

The Engine Rapid Start Request switch
supports a switch input that requests an
engine start (bounded by less constraints)
when the engine start logic is configured
for manual mode.

enum: lesp_engine_start_request_enum
0 — Not Ready

1 — Ready

2 — Normal

3 — Rapid

[In] Speed [RPM]

single

This input requires the actual Speed
Signal as defined in the application.

[Out] Engine Start
Request [enum]

uint8

Output that defines the Engine Start
request. It is used to activate the starter
motor.

enum: lesp_engine_start_request_enum
0 — Not Ready

1 — Ready
2 — Normal
3 — Rapid

Example Model Using the Blocks

Below is a very simple setup using MotoHawk Calibration and MotoHawk Probes blocks to make the

model suitable for building.

[%] Functions_Enginestart ¥ [Pal Triggered Subsystem

[ ——

Figure 9-4. Simple Example Model, Using the Functions — Engine Start Blocks
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When compiling, it will generate the required files and if the Toolkit required blocks are also added to the
application model, it will generate the required SID files for the Toolkit HMI tool creation.

Default ToolKit Pages

Opening a new Toolkit application and selecting the correctly generated .sid file will look like the
screenshot below.

B8 Design Tools
Tool Explorer = Components

Parameter Explorer
Device:

Devicel {Functions_EngineStart_000) -
=]

4 - Control

Engine Start Request
> [ System

Other Components
A= Label
(&) Navigatien Button
Static Image
(F) Offline Editor Button
() Run Button
|4 X-¥ Chart
[=] Buffered Editing Panel
(%) Help Button

Figure 9-5. SID File Selection Functions — Engine Start Logic
The following are a few of the Toolkit pages that will contain most of the defined parameters in the

example model. Of course, the real sensors and data must be attached to complete it for the application
that is being worked on. For that reason, red X’s appear on some pages.
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¥ Functions_Enginestart Toolwtool - Woodward Toal it

View  Settings Engine Start

a N I_
N 2 i A o
New  Open  Close  Smve  Save Design  Connect Disconnect  Load Communication 5o
€ As Mode Application Statistics alues
Tool Device
Enabied
e Net Reacly Start Request NotReady
Interlock Cause Stop Commanded Prestart Inhibitors Error
@ Prestart Complete
Reset Requred [Starer Gooldown. -
@ Engine Start Command
@ start Failed Reset Required
11 Test Values ff ————————————————————
[7] Runstop
Disabled [[] EmergencyStop
[C] Startinterlock
Engine Start Mode Manual ~
Engine Start Request Ready -
[] PreStartComplete
Virtual Engine Speed o
EngineStartRequest NotResdy. NormalStartRequestswitch | Ready  ~
[ HMIEngineStartRequest RapidStartRequestSwitch Ready v

Connected on Kvz n Professional HS/H #0 (Channel 0) | %8 Det

¥ Functions_Enginestart_Toolwtool - Woodward Toolkit

View  Settings  Toals Engine Start
O~»2HE A & 2 L
u — Cum z %
MNew  Open  Close  Save  Save Design Connect  Disconnect Load Communication
- As Mode. Application Statistics
Tool Device
Erabled
G Engine Start Mode. Ready Start Request Ready
Interlock Cause Mone
@ Prestart Complete
@ Start Interlock
Reset Requred Starter coodoun
@ Engine Start Command
@ start Failed Reset Required
1l Test Values 1
RunStop
s Deabied [] Emergencystop
[T Startinterlock
Engine_Start_Mode Manual ~
Engine Start Request Ready  “
PreStartComplete.
Virtual Engine_Speed 0
EngineStartRequest Ready NormalStartRequestSwitch Ready v
[ HMIEngineStartRequest RapidStartRequestSwitch Ready -

Connected on Ky
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¥ Functions_Enginestart_Toolwtool - Woodward ToolKit

View

Settings

Tools

Engine Start
D "HE A & 2 & L
u! — o i *
New  Open  Close  Save  Save Design Connect  Disconnect oad Communication
S As Mode Application Statistics
Tool Device
Configure Engine Start
Enabled
e Engine Start Mode Reacly Start Request Ready
Interlock Cause None
@ Prestart Complete
@ Start Interlock
Reset Requred Starter coodoun
@ Engine Start Command
@ start Failed Reset Required
Test Values !
RunStop
Deabied [] Emergencystop
[] startinterlock

Engine_Start_Mode

Engine Start Request
Virtual

PrestartComplete

EngineStartRequest

Ready

[] HMIEngineStartRequest

Connected on Ky

¥ Functions_Enginestart_Toolwtool - Woodward Toolkit

View

Engine_Speed

NormalStartRequestSwitch

RapidStartRequests:

Manual ~
Normal  ~
0
Readly v
h Ready -

Settings  Tools

Engine Start

O~ "29HE A & ¢ ; "

ul — Cum S %
New  Open  Close  Save  Save Design Connect  Disconnect Load Communication

e Mode Application Statistics
Tool Device
Erabled
T P Engine Start Mode Readly Start Request Ready
Interlock Cause None

Reset Required

@ Prestart Complete
@ Start Interlock
@ Engine Start Command

@ start Failed Reset Required

Engine Romtirg

T

Test Values !

_

RunStop
[C] Emergencystop

[T Startinterlock

Virtual
EngineStartRequest Ready

[] HMIEngineStartRequest

Connected on Ky

Engine_Start_Mode

Engine Start Request

PrestartComplete
Engine_Speed
NormalStartRequestSwitch

RapidStartRequests:

h

Manual ~
Normal v
[3
Ready  ~
Ready -

Woodward

196



Manual 35203V2 Large Engine System Platform: Software Features

Engine Start

View  Settings  Tools

DA 2"HE A 2 L

i
Open  Close  Save  Save Design Connect  Disconnect Load Communication
S As Mode Application Statistics

Tool Device

Configure Engine Start

i X Offine Settings Editol

Configuration

Navigation Tools

@l Back  Fomard Previous  Ned Search
Page  Page

10 Confiquration

Engine Start Mode IO Mapping Not Used ~

Engine Start Request Switch 10 Mapping Not Used ~
%! Rapid Engine Stor Regquest 10 Mapping Rapid

Engine Start Command IO Mapping Not Used ~
L | EngineStart Command IO Active High/Low Select | Active-High ~

Cenfiquration

Disengage Starter When Speed Is >= 300/ RPM | For 025 s
Maximum Time Starter Can Be Engaged
Virual| (e Each Attempt) 105
ENgif  Starter Cooldown Period 105
[JHY  Maximum # Repeats Before Reset s Required 3

(Auto Mode Only)

Connected on

Figure 9-6. Example Functions - Engine Start Toolkit Pages
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Functional Description - Engine Start

The engine start inputs are converted to a start request command to the start control logic as illustrated in
the diagram below. The prestart complete flag (as described in Chapter 8) and start interlocks must be
disabled before the start request will enter a ready state. The start request command includes the
following:

¢ Not Ready
o Indicates to the start controller the engine conditions are not valid for starter engagement.
e Ready

o Indicates to the start controller the engine conditions are valid for starter engagement,
awaiting a start request.

e Normal
o Indicates an explicit normal start request has been initiated by the user.
e Rapid

o Indicates an explicit rapid start request has been initiated by the user.

Engine Stopped l

Prestart Not Complete Prestart Complete Active
Start Request = “NotReady” Start Request = “Ready” Normal Start Request Switch
—— Transition False To True —|
Prestart Complete——» Start Request = “Normal”

Rapid Start Request Switch
Transition False To True —»|
Start Request = “Rapid”

[ —Prestart Not Complete:

HMI Start Request
Transition False To True —»|
Start Request = “Normal”

1 i

Prestart Not Complet

Timeout:

Speed >0 Speed == 0

Engine Rotating
Start Request = “NotReady”

Figure 9-7. Engine Start Request Command Diagram

Engine Start Controller

The engine start controller consists of two modes of operation, Manual or Auto, and four controlling
states: Inactive, Active, Cooldown, and Reset Required.

Inactive State

e The starter motor command is set to Inactive (off).
e All starting interlocks and enable conditions must be valid before a transition to the Active state is
allowed.
e Manual Mode
o The state will transition to Active if the start request command transitions from Ready to
Normal or Rapid.

Woodward 198



Manual 35203V2 Large Engine System Platform: Software Features

e Auto Mode
o The state will transition to Active when the RunStop switch is equal to a Run state.

Active State

e The starter motor command is set to Active (on).

e The state will transition to Cooldown if the starter has been engaged for a user-specified timeout
and the engine has not started, OR speed is observed above a starter engagement speed
threshold for a user-specified time period.

Cooldown State

e The starter motor command is set to Inactive (off).
e Manual Mode
o The state will transition to Inactive after a user-specified starter cooldown timeout period.
e Auto Mode
o The state will transition to Inactive after a user-specified starter cooldown period AND the
number of attempts limit has not been reached.
o The state will transition to Reset Required after a user-specified starter cooldown period
AND if the number of attempts limit has been reached.

Reset Required State

e The starter motor command is set to Inactive (off).

e The state will transition to Inactive if the mode is changed to Manual OR the RunStop is equal to
Stop and an explicit reset command (or module reset) is initiated.

e # of attempts is reset to 0 after exiting the Reset Required state.
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Engine Stopped

{#Repeats=0}

Starter Output Inactive

Start Output Command = “Inactive’

Engine Start Mode is “Manual”
AND
Start Request Transitions From
“Ready” to [“Normal” or “Rapid”]
AND
Start Enable Conditions Valid

Starter Output Active
Start Output Command = “Active”

Engine Start Mode is “Auto”
AND
RunStop = “Run”
AND
Start Enable Conditions Valid

Start Engagement Timeout
OR
Speed >= Starter Disengagement Speed
For Timeout Period

A 4

Starter Cooldown
Start Output Command = “Inactive”

Yes

Auto Mode? <

Reset Required Check
# Repeats = #Repeats +1

# Repeats < Repeat Limit

# Repeats >= Repeat Limit

Reset Required

StartMode is “Manual” OR (RunStop is “Stop” AND Reset) { # Repeats =0 }|

After Start Cooldown Timeout

Engine State transitions from “Starting” to “Warmup/Running/Cooldown”

Speed == 0

Engine Running

# Repeats =0

Start Output Command = “Inactive”

The engine start logic can be viewed and configured on the “Control: Engine Start” service tool page.

Configure Engine Start

Figure 9-8. Engine Start Controller

Enabled
Starter Quiput Active
Reset Required Starter Cooldown
h
y
Engine Rotating
Disabled

Engine Start Mode

Interlock Cause

Start Interlock

Manual

Stop Commanded

. Prestart Complete

. Engine Start Cornmand

. Start Failed Reset Required

Figure 9-9. Engine Start Service Tool Page

Start Request MotReady

Prestart Inhibitors  TimeoutActive

200
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|0 Configuration

Engine Start Mode 10 Mapping Mot Used -
Engine Start Request Switch 10 Mapping Mot Used -
Rapid Engine Start Request 10 Mapping Mot Used N
Engine Start Command |0 Mapping Mot Used  ~

Engine Start Command |O Active High/Low Select | Active-High  ~

Configuration

Disengage Starter When Speed |s == 300 RPM | For 0.25|s
Maxirnum Time Starter Can Be Engaged 10l s

(For Each Atternpt)

Starter Cocldown Period 10 s

Maximum # Repeats Before Reset |s Required 3

(Auto Mode Only)

Figure 9-10. Engine Start Configurations
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Chapter 10.

Sensors — Input Processing — CRS Dual Fuel
|

Introduction

The ‘Sensors — Input Processing CRS Dual Fuel’ blockset is used for Dual Fuel sensing purposes.
Several blocks are available such as pressure sensing, speed sensing, discrete switch sensing,
temperature sensing, and off-engine sensing.

88 Simulink Library Browser - X
a-E-ore s @
P Model Reference/Sensors/Input Processing/Dual Fuel

Dual Fuel OffEngine Sensing (Medium) Dual Fuel Pressure Sensing (Medium) Dual Fuel Pressure Sensing (Slow) Dual Fuel Speed Sensing (Medum)

Shared Memory Region

Figure 10-1. LESP Model Reference ‘Sensors — CRS Dual Fuel Input Processing’ Block

e  CRS Dual Fuel OffEngine Sensing (Medium)
This block can be used to process the Off-Engine Sensor Signals to be defined inside the
application. It is called (Medium) because it is processed in 10 ms rate.

e  CRS Dual Fuel Pressure Sensing (Medium)
This block can be used to process the Pressure Sensor Signals to be defined inside the application.
It is called (Medium) because it is processed in 10 ms rate.

e  CRS Dual Fuel Pressure Sensing (Slow)
This block can be used to process the Pressure Sensor Signals to be defined inside the application.
Itis called (Slow) because it is processed in 50 ms rate.

e  CRS Dual Fuel Speed Sensing (Medium)
This block can be used to process the Speed Sensor Signals to be defined inside the application. It
is called (Medium) because it is processed in 10 ms rate.

e  CRS Dual Fuel Switch Sensing (Medium)
This block can be used to process the Discrete Switch Sensor Signals to be defined inside the
application. It is called (Medium) because it is processed in 10 ms rate.
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e  CRS Dual Fuel Temperature Sensing (Slow)

This block can be used to process the Temperature Sensor Signals to be defined inside the
application. It is called (Medium) because it is processed in 50 ms rate.

CRS Dual Fuel OffEngine Sensing Block Interface

Dual Fuel OffEngine Sensing (Medium)

Figure 10-2. LESP Model Reference ‘Sensors — CRS Dual Fuel OffEngine Sensing’ Block

Table 10-1. ‘CRS Dual Fuel OffEngine Sensing (Medium)’' Block

Port

DataType

Description

(In]

SpeedCtriLocalReference

AnaloglnBus

Input that requires the Speed Control
Local Speed Reference setpoint for the
application.

This is normally an analog speed setting
that comes from Local position (Engine
Control Room).

Bus Details: AnaloginBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue _ohms
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Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

~— N N S~ ~—

(In]

SpeedCtrIRemoteReference

AnaloglnBus

Input that requires the Speed Control
Remote Speed Reference setpoint for
the application.

This is normally an analog speed setting
that comes from Remote position (Bridge
Control).

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

[In] SpeedCtrISynchronizer

AnaloglnBus

Input that requires the Speed Control
Synchronizer setpoint for the application.
This is a bias signal that comes from a
Synchronizer device, that will be used to
increase/decrease engine speed to
synchronize with other Gensets that are
coupled to an electric network.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 2) 0-1.25V

(Mode 3) +-1V
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(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
)
)

(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

[In] SpeedCtrIPowerlnput AnalogInBus Input that requires the Speed Control
Power Input / kW input for the
application. This is a signal that
corresponds to the actual load measured
(mostly a kW transducer for Gensets).
Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)

(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance

(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance

(Mode 9) Thermocouple

[In] AnalogInBus Input that requires the Speed Control
SpeedCtrIFineAdjustment Fine Adjustment setpoint for the
application. This is a bias signal that
comes from an external device, that will
be used to increase/decrease engine
speed to fine tune the speed. Sometimes
this is required during production
validation testing.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V
(Mode 2) 0-1.25V
(Mode 3) +-1V
(Mode 4) +-2.5V
(Mode 5) 4-20mA
(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple
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[In] SpeedCtrlIFuelDemand

AnaloglnBus

Input that requires the Speed Control
Fuel Demand for the application if an
external Speed Control Device is used. It
will correspond with the output signal of
the external speed control.

Bus Details: AnaloglinBus:

- Mode_enum

- Value

-ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

[In] FSeriesValve1Position

AnaloglnBus

Input that requires the F-Series Valve
Position Setpoint. These valves can be
used as Throttle, Bypass, and/or
wastegate.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

-ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

[In] RSeriesValve1Position

AnaloglnBus

Input that requires the RSeries Valve
Position Setpoint. These valves can be
used as Throttle, Bypass, and/or
Wastegate.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

-ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset
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- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

— — — ~— — — ~— ~—

[In] Transducer 5V

Transducer5VBus

Input that requires the Transducer 5 V
feedback value. This can be used for
calculating ratiometric correction for the
analog input signals.

Bus Details: Transducer5VBus:

- FilteredValue_V

- MeasurementStatus_enum

- RatiometricCorrectionFactor

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled

2 — SignalLow

3 — SignalHigh

4 — SensorSupplyFailed

5 — ReferenceSourceFailed

6 — OpenCircuit

[In] Transducer HV

TransducerHVBus

Input that requires the High Voltage (HV)
Transducer feedback value.

Bus Details: TransducerHighVoltBus:
- FilteredValue_V

- MeasurementStatus_enum

- RatiometricCorrectionFactor

- VoltageSelect_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled

2 — SignalLow

3 — SignalHigh

4 — SensorSupplyFailed

5 — ReferenceSourceFailed

6 — OpenCircuit

lesp_hv_transducer_select_enum:
0-12v
1-20V

[In] PWRDLY

boolean

This input requires the status of the
PowerOn Delay that is required for some
initialization logic.

[In] Reset

boolean

Input that requires the application to be
reset and connected.
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[Out] OffEngine Bus Output that contains the following
signals, all of type (AnalogSensorBus):
- SpeedCtrlLocalReference

- SpeedCtrIRemoteReference

- SpeedCtrISynchronizer

- SpeedCtrlPowerlnput

- SpeedCtrIFineAdjustment

- SpeedCtrlIFuelDemand

- FSeriesValve1Position

- RSeriesValve1Position

Bus Details: AnalogSensorBus:
- FilteredValue
- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 - Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit
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CRS Dual Fuel Pressure Sensing (Medium) Block Interface

Cual Fuel Pressure Sensing (Medium)

Figure 10-3. LESP Model Reference ‘Sensors — CRS Dual Fuel Pressure Sensing (Medium)’ Block

Table 10-2. ‘CRS Dual Fuel Pressure Sensing (Medium)’ Block

Port

DataType

Description

[In] ManifoldAirPress1

AnaloglnBus

Input that requires the Engine Manifold
Air Pressure Sensor #1 input signal. It is
the one of the redundant sensors,
measuring actual engine manifold air
pressure.

Bus Details: AnaloginBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined
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(Mode 1
(Mode 2
(Mode 3
(Mode 4
(Mode 5
(Mode 6

0-5Vv

0-1.25V

+1V

+-2.5V

4-20mA

RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

— N N S~

[In] ManifoldAirPress2

AnaloglnBus

Input that requires the Engine Manifold
Air Pressure Sensor #2 input signal. It is
the one of the redundant sensors,
measuring actual engine manifold air
pressure.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V
(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

[In] AmbientAirPress

AnaloglnBus

Input that requires the Ambient Air
Pressure input signal. This signal
measures the actual ambient air
pressure, which is required for the logic
and absolute/relative pressure
calculations.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined
(Mode 1) 0-5V
(Mode 2) 0-1.25V
(Mode 3) +-1V
(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
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(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

[In] FuelFilterinletPress

AnaloglnBus

Input that requires the Fuel Filter Inlet
Pressure input signal. This signal is the
fuel pressure from tank to filter inlet.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

[In] FuelFilterOutletPress

AnaloglnBus

Input that requires the Fuel Filter Outlet
Pressure input signal. This signal is the
fuel pressure going to the engine.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

[In] CrankCasePress

AnaloglnBus

Input that requires the Crank Case
Pressure input signal. This sensor is
required to monitor for excessive
crankcase pressure, which can lead to
dangerous situations.
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Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V
(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

[In] GasPress1

AnaloglnBus

Input that requires the Gas Pressure
Sensor #1 input signal. It is the one of the
redundant sensors, measuring actual gas
pressure.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V
(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

[In] GasPress2

AnaloglnBus

Input that requires the Gas Pressure
Sensor #2 input signal. It is one of the
redundant sensors, measuring actual gas
pressure.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

-ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode enum:
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(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

~— N N S~

[In] Transducer 5V

Transducer5VBus

Input that requires the Transducer 5V
feedback value. This can be used for
calculating ratiometric correction for the
analog input signals.

Bus Details: Transducer5VBus:
- FilteredValue_V

- MeasurementStatus_enum

- RatiometricCorrectionFactor

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 — Valid

1 — Disabled

2 — SignalLow

3 — SignalHigh

4 — SensorSupplyFailed

5 — ReferenceSourceFailed

6 — OpenCircuit

[In] Transducer HV

TransducerHVBus

Input that requires the High Voltage (HV)
Transducer feedback value.

Bus Details: TransducerHighVoltBus:
- FilteredValue_V

- MeasurementStatus_enum

- RatiometricCorrectionFactor

- VoltageSelect_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 — Valid

1 — Disabled

2 — SignalLow

3 — SignalHigh

4 — SensorSupplyFailed

5 — ReferenceSourceFailed

6 — OpenCircuit

lesp_hv_transducer_select_enum:
0-12v
1-20V

[In] PWRDLY

boolean

This input requires the status of the
PowerOn Delay that is required for some
initialization logic.

[In] EncoderState (enum)

uint8

This input requires the EncoderState
enum input from the encoder logic as
defined in the application.
lesp_encoder state enum:
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0 — Not Created

1 — ZeroSpeed

2 — Rotating

3 — Partial Synchronization

4 — Full Synchronization Pending
5 — Full Synchronization

[In] Reset boolean Input that requires the application to be
reset and connected.
[Out] Pressure Bus Output that contains the following

signals, all of type (AnalogSensorbus):
- ManifoldAirPress1

- ManifoldAirPress2

- ManifoldAirPress

- AmbientAirPress

- FuelFilterInletPress

- FuelFilterOutletPress

- FuelFilterDifferentialPress
- CrankcasePress

- GasPress1

- GasPress2

- GasPress

Bus Details: AnalogSensorBus:
- FilteredValue
- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit
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CRS Dual Fuel Pressure Sensing (Slow) Block Interface

Figure 10-4. LESP Model Reference ‘Sensors — CRS Dual Fuel Pressure Sensing (Slow) Block

Dual Fuel Pressure Sensing (Slow)

Table 10-3. ‘CRS Dual Fuel Pressure Sensing (Slow) Block

Port

DataType

Description

[In] LubeCQilFilterInletPress

AnaloglnBus

Input that requires the LubeQil Filter Inlet
Pressure input signal. This is the
pressure before/at LubeOQil filter inlet.

Bus Details: AnaloginBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 2) 0-1.25V

(Mode 3) +-1V
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(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

[In] LubeQilFilterOutletPress

AnaloglnBus

Input that requires the LubeQil Filter
Outlet Pressure input signal. This is the
pressure after LubeOil filter at engine
LubeOil inlet.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

[In] CoolantBlockInletPress

AnaloglnBus

Input that requires the Coolant Block Inlet
Pressure input signal. This is the coolant
pressure at Engine Block Inlet.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 2) 0-1.25V
(Mode 3) +-1V
(Mode 4) +-2.5V
(Mode 5) 4-20mA
(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(In]

CoolantBlockOutletPress

AnaloglnBus

Input that requires the Coolant Block
Outlet Pressure input signal. This is the
coolant pressure at Engine Block Outlet.
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Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined
(Mode 1) 0-5V
(Mode 2) 0-1.25V
(Mode 3) +-1V
(Mode 4) +-2.5V
(Mode 5) 4-20mA
(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(In]

AfterCoolerWaterlnletPress

AnaloglnBus

Input that requires the AfterCooler Water
Inlet Pressure input signal. This is the
water inlet pressure at AfterCooler inlet.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 2) 0-1.25V
(Mode 3) +-1V
(Mode 4) +-2.5V
(Mode 5) 4-20mA
(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

[In]
Turbo1LubeQillnletPress

AnaloglnBus

Input that requires the TurboCharger #1
LubeOil Inlet Pressure input signal. This
is the LubeOQil inlet pressure for the
TC#1.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog _in_mode enum)
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(Mode 0) Undefined
(Mode 1) 0-5V
(Mode 2) 0-1.25V
(Mode 3) +-1V
(Mode 4) +-2.5V
(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

[In]
Turbo2LubeQillnletPress

AnaloglnBus

Input that requires the TurboCharger #2
LubeOil Inlet Pressure input signal. This
is the LubeOQil inlet pressure for the
TC#2.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

-ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V
(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

[In] Transducer 5V

Transducer5VBus

Input that requires the Transducer 5V
feedback value. This can be used for
calculating ratiometric correction for the
analog input signals.

Bus Details: Transducer5VBus:

- FilteredValue_V

- MeasurementStatus_enum

- RatiometricCorrectionFactor

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled

2 — SignalLow

3 — SignalHigh

4 — SensorSupplyFailed

5 — ReferenceSourceFailed

6 — OpenCircuit

[In] Transducer HV

TransducerHVBus

Input that requires the High Voltage (HV)
Transducer feedback value.

Bus Details: TransducerHighVoltBus:
- FilteredValue_V
- MeasurementStatus_enum
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- RatiometricCorrectionFactor
- VoltageSelect_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 - Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

lesp_hv_transducer_select_enum:

0-12v
1-20V
[In] PWRDLY boolean This input requires the status of the

PowerOn Delay that is required for some
initialization logic.

[In] Reset boolean Input that requires to have the reset of
the application connected.
[Out] Pressure Bus Output that contains the following

signals, all of type (AnalogSensorbus):
- LubeOilFilterinletPress

- LubeOilFilterOutletPress

- LubeOQilFilterDifferentialPress

- CoolantBlockInletPress

- CoolantBlockOutletPress

- AfterCoolerWaterlnletPress

- Turbo1LubeQillnletPress

- Turbo2LubeQillnletPress

Bus Details: AnalogSensorBus:
- FilteredValue
- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 - Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit
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CRS Dual Fuel Speed Sensing (Medium) Block Interface

Dual Fuel Speed Sensing (Medium)

Figure 10-5. LESP Model Reference ‘Sensors — CRS Dual Fuel Speed Sensing (Medium)’ Block

Table 10-4. ‘Dual Fuel Speed Sensing (Medium)’ Block

Port

DataType

Description

[In] Turbo1Speed

DiscretelnBus

Input that requires the TurboCharger #1
speed input signal. This is the actual
speed measured at the Turbocharger #1
wheel.

Bus Details: DiscretelnBus:
- DiscreteState

- Frequency_Hz

- DutyCycle Pct

[In]
Turbo1SpeedlOMapping
(enum)

uint8

Input that requires the TurboCharger #1
Speed IOMapping signal. This is the
IOMapping for the speed measurement
at the Turbocharger #1 wheel.

enum Details:
(lecm_frequency_in_mapping_enum)
0 — Not Used

1 — MainSpeed1
2 — MainSpeed2
3 — MainSpeed3
4 — MainSpeed4
5 — EIDSpeed1
6 — EIDSpeed2
7 — AuxSpeed1
8 — AuxSpeed?2
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[In] Turbo2Speed

DiscretelnBus

Input that requires the TurboCharger #2
speed input signal. This is the actual
speed measured at the Turbocharger #2
wheel.

Bus Details: DiscretelnBus:
- DiscreteState

- Frequency Hz

- DutyCycle Pct

[In]
Turbo2SpeedlOMapping
(enum)

uint8

Input that requires the TurboCharger #2
speed I0OMapping signal. This is the
IOMapping for the speed measurement
at the Turbocharger #2 wheel.

enum Details:
(lecm_frequency_in_mapping_enum)
0 — Not Used

1 — MainSpeed1
2 — MainSpeed2
3 — MainSpeed3
4 — MainSpeed4
5 — EIDSpeed1
6 — EIDSpeed?2
7 — AuxSpeed1
8 — AuxSpeed?2

[In] PWRDLY

boolean

This input requires the status of the
PowerOn Delay that is required for some
initialization logic.

[Out] Speed

Bus

Output that contains the following
signals, all type (AnalogSensorbus):
- Turbo1Speed

- Turbo2Speed

Bus Details: AnalogSensorBus:
- FilteredValue
- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit
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CRS Dual Fuel Switch Sensing (Medium) Block Interface

Dual Fuel Switch Sensing {Medium)

Figure 10-6. LESP Model Reference ‘Sensors — CRS Dual Fuel Switch Sensing (Medium)’ Block

Table 10-5. ‘Dual Fuel Switch Sensing (Medium)’ Block

Port

DataType

Description

[In] RunStop

DiscreteAnalogin

Input that requires the RunStop status feedback
in the application.

Run — Engine is ready to run and SpeedControl
will be active.

Stop — Engine will shut down and go into Stop
state.
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DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In] EmergencyStop

DiscreteAnalogin

This input requires the Emergency Stop Input
signal as defined in the application.
Emergency Stop indicates direct fuel shutdown
to force engine stop.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In] ClearFaults

DiscreteAnalogin

This input requires the Clear Faults Input signal
as defined in the application.

It is meant to clear any fault that might be active
on the used channels.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type enum)
0 — None

1 — Discrete

2 — Analog

[In] FaultProtectionOverride

DiscreteAnalogin

This input requires the Fault Protection Override
Input signal as defined in the application.

It is meant to override any shutdown in case of
emergencies. This is typical onboard vessels as
an ultimate rescue to save the vessel at all
costs.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type _enum)
0 — None

1 — Discrete

2 — Analog

[In] CoolantExpansionTankLevelLow

DiscreteAnalogin

This input requires the Tank Level Low
feedback from the Coolant Expansion Tank.
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When level drops below a certain minimum, this
input will be activated.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In] DrivenEquipmentStartinterlock

DiscreteAnalogin

This input requires the Start Interlock from any
driven equipment. Examples are Turning Wheel
engaged or any other engine maintenance
blocking. When this is active, the engine must
be blocked from any start attempt.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type enum)
0 — None

1 — Discrete

2 — Analog

[In] EngineRapidStartRequest

DiscreteAnalogin

This input requires the Rapid Start Input signal
as defined in the application.

Rapid Start will override pre-start sequencing
and enable starting possibility directly.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type _enum)
0 — None

1 — Discrete

2 — Analog

[In] EngineStartRequest

DiscreteAnalogin

This input requires the Request for Engine Start
in the application. When this input becomes
active, the engine Start will be executed (when
allowed in the application logic).

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog
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[In] LubricationSumpLevelLow

DiscreteAnalogin

This input requires the Low Level feedback from
the Lubrication Oil Sump.

When oil level drops below a certain minimum
level, this input should be activated.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type _enum)
0 — None

1 — Discrete

2 — Analog

[In] PreLubricationManualRequest

DiscreteAnalogin

This input requires the manual request for
starting the Pre-lubrication Oil Pump inside the
application.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type enum)
0 — None

1 — Discrete

2 — Analog

[In] SpeedControlDroop

DiscreteAnalogin

This input requires the selection if Droop is
required in the application or not. When not
selected, isochronous operation will be active.
Droop is a reduction in speed reference when
load is increased. This is used for stability and
loadsharing purposes.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In] SpeedControlldleRated

DiscreteAnalogin

This input requires the Idle/Rated Speed
Selection for the application.

This will be active when Speedcontrol is in
Digital Speed Settings mode.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None
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1 — Discrete
2 — Analog

[In] SpeedControlLocalRemote

DiscreteAnalogin

This input requires the selection input between
Local and Remote Speed reference setpoint
inside the application.

This selection is active when speed control is in
Analog Speed Setting mode.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type enum)
0 — None

1 — Discrete

2 — Analog

[In] SpeedControlLower

DiscreteAnalogin

This input requires the Lower Speed Selection
for the application.

This will be active when Speedcontrol is in
Digital Speed Settings mode.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type enum)
0 — None

1 — Discrete

2 — Analog

[In] SpeedControlRaise

DiscreteAnalogin

This input requires the Raise Speed Selection
for the application.

This will be active when Speedcontrol is in
Digital Speed Settings mode.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In] SpeedControlSpeedSelect1

DiscreteAnalogin

This input requires the Speed Select1 status for
the application.

This will be active when Speedcontrol is in
Digital Speed Settings mode, and together with
the SpeedControlSpeedSelect2, determines the
actual rated speed setpoint.

A combination of 4 setpoints can be made with
both input definitions and normally comes from
wiring harness jumpers.

DiscreteAnalogin:
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- Type_enum
- AnalogADC
- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In] SpeedControlSpeedSelect2

DiscreteAnalogin

This input requires the Speed Select2 status for
the application.

This will be active when Speedcontrol is in
Digital Speed Settings mode, and together with
the SpeedControlSpeedSelect1, determines the
actual rated speed setpoint.

A combination of 4 setpoints can be made with
both input definitions and normally comes from
wiring harness jumpers.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In] SpeedControlAnalogDigitalSelect

DiscreteAnalogin

This input requires the Analog/Discrete Speed
Setting Selection input for the application.

This selection determines if the analog or digital
speed related inputs will be active or not.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type _enum)
0 — None

1 — Discrete

2 — Analog

[In] SpeedControlAcceleratorBackup

DiscreteAnalogin

This input requires the Accelerator Backup
Speed Selection for the application.

This will be active when Speedcontrol is in
Analog Speed Settings mode and enables the
digital Raise/Lower commands to be used, even
when in Analog Speed Setting mode.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

Woodward

227




Manual 35203V2

Large Engine System Platform: Software Features

1 — Discrete
2 — Analog

(In]

SpeedControlGeneratorBreakerClutch

DiscreteAnalogin

This input requires the feedback of either the
Generator Breaker (Genset) or the Gearbox
Clutch (Marine/Mechanical) for the application.
When this input changes, it also changes the
dynamics selection of the PID for the Speed
Control.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type enum)
0 — None

1 — Discrete

2 — Analog

[In] SpeedControlUtilityBreaker

DiscreteAnalogin

This input requires feedback from the Utility
Breaker (Genset) for the application.

When this input changes, it also changes the
dynamics selection of the PID for the Speed
Control.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In] DieselFuelLeakage

DiscreteAnalogin

This input requires feedback from the Fuel
Leakage Detection inside the application.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In] DieselFuelSupplyWaterPresence

DiscreteAnalogin

This input requires feedback from the Water
Presence Detection inside the Diesel Fuel
Supply for the application.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete _analog _in_mapping type enum)
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0 — None
1 — Discrete
2 — Analog

[In] EngineStartMode

DiscreteAnalogin

This input requires feedback from the Engine
Start Mode inside the application.
This can be either Manual Mode or Auto Mode.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type enum)
0 — None

1 — Discrete

2 — Analog

[In] LubricationSumpLevelHigh

DiscreteAnalogin

This input requires the High Level feedback
from the Lubrication Oil Sump.

When oil level raises above a certain maximum
level, this input should be activated.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type _enum)
0 — None

1 — Discrete

2 — Analog

[In]
Turbo1AirShutoffValveSolenoidFeedback

DiscreteAnalogin

This input requires the feedback status from the
Turbo1 Air Shutoff valve solenoid.

It indicates whether the valve is in the open or
closed position.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In]
Turbo2AirShutoffValveSolenoidFeedback

DiscreteAnalogin

This input requires the feedback status from the
Turbo2 Air Shutoff valve solenoid.

It indicates whether the valve is in the open or
closed position.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete _analog _in_mapping type enum)
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0 — None
1 — Discrete
2 — Analog

[In] GasDieselmode

DiscreteAnalogin

This input requires the selection status for
operating the engine in Diesel or in Gas-Diesel
mode.

When changing this input, the transfer from full
diesel to gas-diesel or from gas-diesel to full
diesel will need to be activated when the
application conditions allow.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In] EmergencyTransferToDiesel

DiscreteAnalogin

This input requires the selection status for
Emergency transfer back to Diesel mode when
in Gas-Diesel mode.

When active, instant switch over to full Diesel
mode will be required. This is normally done as
result of engine safety (e.g. due to gas leak or
engine sensor exceeding certain levels).

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In] GasSystemReady

DiscreteAnalogin

This input requires the feedback from the Gas
Valve Unit (GVU) to indicate that the valves are
in good condition, or the Gas System is ready
and allows the engine to transfer from Diesel
into Gas-Diesel mode.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type enum)
0 — None

1 — Discrete

2 — Analog

[In] GasSystemFaulted

DiscreteAnalogin

This input requires the feedback from the GVU
to indicate that the Gas System has Faulted.
This input is normally used to transfer back from
Gas-Diesel into Full Diesel mode.
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DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[Out] Switch

Bus

Output that contains the following signals, all of
type (uint8):

- RunStop

- EmergencyStop

- ClearFaults

- FaultProtectionOverride

- CoolantExpansionTankLevelLow

- DrivenEquipmentStartingInterlock

- EngineRapidStartRequest

- EngineStartRequest

- LubricationSumpLevelLow

- PrelubricationManualRequest

- SpeedControlDroop

- SpeedControlldleRated

- SpeedControlLocalRemote

- SpeedControlLower

- SpeedControlRaise

- SpeedControlSpeedSelect1

- SpeedControlSpeedSelect2

- SpeedControlAnalogDigitalSelect

- SpeedControlAcceleratorBackup

- SpeedControlGeneratorBreakerClutch
- SpeedControlUtilityBreaker

- DieselFuelLeakage

- DieselFuelSupplyWaterPresence

- EngineStartMode

- LubricationSumpLevelHigh

- Turbo1AirShutoffValveSolenoid- Feedback
- Turbo2AirShutoffValveSolenoid- Feedback
- GasDieselMode

- EmergencyTransferToDiesel

- GasSystemReady

- GasSystemFaulted
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CRS Dual Fuel Temperature Sensing (Slow) Block Interface

Dual Fuel Temperature Sensing (Slow)

Figure 10-7. LESP Model Reference ‘Sensors — CRS Dual Fuel Temperature Sensing (Slow)’ Block

Table 10-6. ‘CRS Dual Fuel Temperature Sensing (Slow)’ Block

Port

DataType

Description

[In] EngineCoolantTemp1

TcRtdInBus

Input that requires the Engine
Coolant Temperature #1 input
signal.

TcRtdInBus:
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- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] EngineCoolantTemp2

TcRtdInBus

Input that requires the Engine
Coolant Temperature #2 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] LubeQilFilterOutletTemp

TcRtdInBus

Input that requires the Lubrication
QOil Filter Outlet Temperature input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_ enum:
(lesp_tcrtd_in_mode enum)
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(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] AmbientAirTemp TcRtdInBus Input that requires the Ambient Air
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status_enum)

0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] ManifoldAirTemp1 TcRtdInBus Input that requires the Engine
Manifold Air #1 Temperature input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC
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Status_enum:
(lesp_tcrtd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ManifoldAirTemp?2

TcRtdInBus

Input that requires the Engine
Manifold Air #2 Temperature input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] HPFuelPumplnletFuelTemp

TcRtdInBus

Input that requires the High
Pressure Pump Inlet Fuel
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_ enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable
1 — Error
2 —Open
3 — Valid
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[In] FuelRailTemp TcRtdInBus Input that requires the Fuel Rail
Temperature input signal.
TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms

- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC
Status_enum:
(lesp_tcrtd_in_status_enum)

0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] InjectorReturnFuelTemp TcRtdInBus Input that requires the Injector
Return Line Fuel Temperature input
signal.
TcRtdInBus:
- Mode_enum
- Status_enum
- PullupResistorValue_ohms
- Value
Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined
(Mode 1) 0-5V
(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple
(Mode 10) Datalink degC
Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable
1 — Error
2 —Open
3 — Valid

[In] Turbo1CompressorintakeTemp TcRtdInBus Input that requires the Turbocharger

#1 Compressor Side Intake
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
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- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] Turbo2CompressorintakeTemp

TcRtdInBus

Input that requires the Turbocharger
#2 Compressor Side Intake
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] Turbo1TurbinelntakeTemp

TcRtdInBus

Input that requires the Turbocharger
#1 Turbine Side Intake
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_ enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
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(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] Turbo2TurbinelntakeTemp

TcRtdInBus

Input that requires the Turbocharger
#2 Turbine Side Intake
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status_enum)
0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] Turbo3TurbinelntakeTemp

TcRtdInBus

Input that requires the Turbocharger
#3 Turbine Side Intake
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status _enum)
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0 — NotAvailable
1 - Error
2 —Open
3 — Valid

[In] Turbo4TurbinelntakeTemp

TcRtdInBus

Input that requires the Turbocharger
#4 Turbine Side Intake
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] AfterCoolerWaterlnletTemp

TcRtdInBus

Input that requires the Water Inlet
Temperature of the AfterCooler
input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp1

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #1 input
signal.
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TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_ enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp?2

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #2 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_ enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status_enum)
0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] ExhaustGasTemp3

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #3 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode enum:
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(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] ExhaustGasTemp4 TcRtdInBus Input that requires the Exhaust Gas
Temperature of Cylinder #4 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp5 TcRtdInBus Input that requires the Exhaust Gas
Temperature of Cylinder #5 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple
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(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status_enum)
0 — NotAvailable

1 — Error

2 —0Open

3 — Valid

[In] ExhaustGasTemp6

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #6 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp7

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #7 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable
1 — Error
2 —Open
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3 — Valid

[In] ExhaustGasTemp8

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #8 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] ExhaustGasTemp9

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #9 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp10

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #10 input
signal.

TcRtdInBus:
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- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp11 TcRtdInBus Input that requires the Exhaust Gas
Temperature of Cylinder #11 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp12 TcRtdInBus Input that requires the Exhaust Gas
Temperature of Cylinder #12 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_ enum:
(lesp_tcrtd_in_mode enum)
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(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] ExhaustGasTemp13 TcRtdInBus Input that requires the Exhaust Gas
Temperature of Cylinder #13 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp14 TcRtdInBus Input that requires the Exhaust Gas
Temperature of Cylinder #14 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC
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Status_enum:
(lesp_tcrtd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp15

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #15 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp16

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #16 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_ enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable
1 — Error
2 —Open
3 — Valid
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[In] ExhaustGasTemp17

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #17 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] ExhaustGasTemp18

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #18 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp19

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #19 input
signal.

TcRtdInBus:
- Mode_enum
- Status_enum

Woodward

247



Manual 35203V2 Large Engine System Platform: Software Features

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp20 TcRtdInBus Input that requires the Exhaust Gas
Temperature of Cylinder #20 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_ enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status_enum)

0 — NotAvailable
1 — Error
2 —Open
3 — Valid
[In] HPFuelPump1HousingTemp TcRtdInBus Input that requires the High

Pressure Pump #1 Housing
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V
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(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 —Error

2 —Open

3 — Valid

[In] HPFuelPump2HousingTemp

TcRtdInBus

Input that requires the High
Pressure Pump #2 Housing
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] GasTemp

TcRtdInBus

Input that requires the Gas
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status _enum)
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0 — NotAvailable
1 - Error
2 —Open
3 — Valid

[In] LocalColdJct

AnalogSensorBus

Input that requires the Local Cold
Junction Temperature input signal.

AnalogSensorBus:
- FilteredValue
- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] PWRDLY boolean This input requires the status of the
PowerOn Delay that is required for
some initialization logic.

[In] Reset boolean Input that requires the application
reset and connected.

[Out] Temperature Bus Output that contains the following

signals, all type
(AnalogSensorBus):

- EngineCoolantTemp1

- EngineCoolantTemp2

- EngineCoolantTemp

- LubeQilFilterOutletTemp

- AmbientAirTemp

- ManifoldAirTemp1

- ManifoldAirTemp2

- ManifoldAirTemp

- HPFuelPumplnletFuelTemp
- FuelRailTemp

- InjectorReturnFuelTemp

- Turbo1CompressorintakeTemp
- Turbo2CompressorintakeTemp
- Turbo1TurbinelntakeTemp
- Turbo2TurbinelntakeTemp
- Turbo3TurbinelntakeTemp
- Turbo4TurbinelntakeTemp
- AfterCoolerWaterlnletTemp
- ExhaustGasTemp1

- ExhaustGasTemp?2

- ExhaustGasTemp3

- ExhaustGasTemp4

- ExhaustGasTemp5

- ExhaustGasTemp6

- ExhaustGasTemp7

- ExhaustGasTemp8

- ExhaustGasTemp9

- ExhaustGasTemp10

- ExhaustGasTemp11

- ExhaustGasTemp12

- ExhaustGasTemp13
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- ExhaustGasTemp14

- ExhaustGasTemp15

- ExhaustGasTemp16

- ExhaustGasTemp17

- ExhaustGasTemp18

- ExhaustGasTemp19

- ExhaustGasTemp20

- HPFuelPump1HousingTemp
- HPFuelPump2HousingTemp
- GasTemp

Bus Details: AnalogSensorBus:
- FilteredValue
- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)

0 - Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

Example Model Using the Blocks

Below is a very simple setup using MotoHawk Calibration and MotoHawk Probes blocks to make the
model suitable for building.

[*&] sensors_InputProcessing ¥ [Pa| Triggered Subsystem ¥

Figure 10-8. Simple Example Model, Using the Sensors - CRS Interface Blocks

Woodward 251



Manual 35203V2 Large Engine System Platform: Software Features

The required files will generate while compiling, and if the Toolkit required blocks are also added to the
application model, it will generate the required SID files for the Toolkit HMI tool creation.

Default ToolKit Pages

Opening a new Toolkit application and selecting the correctly generated .sid file will look like the
screenshot below.

& Design Tools - o X

Tool Explorer | Components

Parameter Explore
Device:
Devicel (Sensrs InputProcessing 001) .
]

Tempersure
5 RS Dot el metoce
42 inpus

Ofengine
Speed
owiches
Temperature e
Sensore putprecesing
s Ve Specite e
Sytem
bebus
Memery
Modute
Nonlaaie torage
Performance
Sor

N

N

Tool Interface.

Version

Other Components
A= Label
(&) Navigation Button
[ staic Image.
() Offline Editor Button
() Run Button
[ Chart
[E] Buffered Edting Panel
(%) Help Button

Figure 10-9. SID File Selection Sensors — CRS Dual Fuel Interface Logic

Below are a few of the Toolkit pages that will contain most of the defined parameters in the example
model. Of course, the real sensors and data must be attached to complete it for the application that is
being worked on. For that reason, red X’s appear on some pages.

W Sensors_DualFuel_inputProcessing_Toolwtool - Woodward ToolKit

View Settings  Tools Sensors CRS Dual Fuel - Overview

O Y"HE A S Z & Lla

Open  Close  Save  Save Design Connect  Disconnect Load Communication e
v As Maode Application Statistics alues

Tool Device

Manifold Air Pressure Ambient Air Pressure Crankease Pressure Lube Ol Fiter Outlet ress... |Lube Ol Filter Iniet Pressure SWtches Quick Links QuickButtons to
@Run stop Wy m—
= ump,to pages
Manifald L_‘PA_JB_@’H
@ Emergency Stop

Ambient Air —
@ Fault Protection Override
Coolant Block —
@ Prelubrication Manual Request

Crankase ~
@ Coolant Expansion Tank Level Low
1000.0 10000 10000 1000.0 10000 Aftercooler Water —
@ Lubrication Sump Level Low
Fuel Filter Cut Pressure Coslant Inlet Pressure Coolant Outlet Pressure | AftercoolerWater In Prassure Lube Block —
@ Lubrication Sump Level High
Fuel Rail —
@ Diecel Fuel Leakage
Fuel ~
@ Diesel Fuel Supply Water Presence
Fuel Pump —
@ Driven Equipment Starting Interlock
Switches —
@ 5peed Control Droop
1000.0 10000 10000 1000.0 10000 Speed Control ~
@ 5peed Control Idle Rated
HP Fuel Pump Inlet Temp Injector Return Temp SC Fuel Demand~—

@ Speed Control Local Remote Select
Turbo Temp =
@ 5peed Control Lower
Turbo Press —
@ Speed Control Raise
Turbo Speed -
@ Speed Control Speed Select #1
Exhaust Gas Temp —
@ Speed Control Speed Select #2

@ Speed Control Accelerator Backup

@ Speed Control Analog Digital Select

@ Speed Control Generator Breaker
Clutch

@ Turbo #1 Air Shutoff Valve

@ Turbo #2 Air Shutoff Valve

@ Gas Diesel Mode

@ Ermergency Transfer To Diesel
Turbo #1 Turbine In Temp | | Turbo #2 Turbine In Temp | | Turbo #3 Turbine In Temp | | Turbo #4 Turbine In Temp
@ Gas System Ready

20110, 20110, 201100 50110 1 - _

Connected on Kvaser USBcan Professional HS/H #0 (Channel 0) ‘ Y Details ‘
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K sems

© 6 EEETET B2 2 A~

Figure 10-10. Examples of the Sensors-Input CRS Dual Fuel Toolkit Pages

Woodward 254



Manual 35203V2 Large Engine System Platform: Software Features

Chapter 11.
Sensors — Input Processing - CRS

Introduction

The ‘Sensors — Input Processing CRS’ blockset is used for Common Rail System (CRS) sensing
purposes. Several blocks are available like pressure sensing, speed sensing, discrete switch sensing,
temperature sensing and off-engine sensing.

B Simulink Library Browser - [=] X

< o [ommis JA-E-a- |- 0

LESP Model Reference/Sensors/Input Processing/CRS.

m

CRS OffEngine Sensing (Medium) CRS Pressure Sensing (Medium) CRS Pressure Sensing (Slow)
> WoodwardASB Data Structures

> WoodwardASE Protocols I

WeadwardASE Shared Memery Region v CRS Speed Sensing (Medium) CRS Switch Sensing (Medium) CRS Temperature Sensing (low) v

v simulink -
Commonly Used Blacks
Continuous

> Dashboard
Discontinuities
Discrete
Logic and Bit Operations
Lockup Tables
Math Operations
Matrix Operations
Messages & Events
Model Verification
Model-Wide Utilties
Ports & Subsystems
Signal Attributes
Signal Routing
Sinks
Sources

stiing
User-Defined Functions
> Additional Math & Discrete
> QuickInsert
> Embedded Cader
Fixed-Point Designer
> Fixed-Point Designer HDL Support
> HDL Coder
> LEsp
¥ LESP Model Reference
> Control
> Functions
~ sensors
¥ Input Processing
@RS
CRS Dual Fuel
UEGO
> MotoHawk
MatoHawk Annotations
MatoHawk Flexible Encoder
MatoHawk FPGA
> MotoHawk OBD Fault Manager
MotoHark VDO Gauge
> Simulink 30 Animation
> Simulink Coder
> simulink Extras
stateflow
> Woodward Custom Modbus Master/Slave
> WoadwardaSB (Gen2) Primitives

Figure 11-1. LESP Model Reference ‘Sensors — CRS Input Processing’ Block

e CRS OffEngine Sensing (Medium)
This block can be used to process the Off-Engine Sensor Signals to be defined inside the
application. It is called (Medium) because it is processed in 10 ms rate.

e  CRS Pressure Sensing (Medium)
This block can be used to process the Pressure Sensor Signals to be defined inside the application.
It is called (Medium) because it is processed in 10 ms rate.

e  CRS Pressure Sensing (Slow)
This block can be used to process the Pressure Sensor Signals to be defined inside the application.
It is called (Slow) because it is processed in 50 ms rate.

e CRS Speed Sensing (Medium)
This block can be used to process the Speed Sensor Signals to be defined inside the application. It
is called (Medium) because it is processed in 10 ms rate.

e CRS Switch Sensing (Medium)
This block can be used to process the Discrete Switch Sensor Signals to be defined inside the
application. It is called (Medium) because it is processed in 10 ms rate.
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e  CRS Temperature Sensing (Slow)
This block can be used to process the Temperature Sensor Signals to be defined inside the
application. It is called (Medium) because it is processed in 50 ms rate.

CRS OffEngine Sensing Block Interface

CRS OffEngine Sensing (Medium)

Figure 11-2. LESP Model Reference ‘Sensors — CRS OffEngine Sensing’ Block

Table 11-1. ‘CRS OffEngine Sensing (Medium)’ Block

Port

DataType

Description

[In]

SpeedCtriLocalReference

AnaloglnBus

Input that requires the Speed Control
Local Speed Reference setpoint for the
application.

This is normally an analog speed setting
that comes from local position (Engine
Control Room).

Bus Details: AnaloginBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog in_mode enum)

Woodward

256



Manual 35203V2 Large Engine System Platform: Software Features

(Mode 0) Undefined
(Mode 1) 0-5V
(Mode 2) 0-1.25V
(Mode 3) +-1V
(Mode 4) +-2.5V

)

)

)

)

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance

(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance

(Mode 9) Thermocouple

[In] AnalogInBus Input that requires the Speed Control
SpeedCtrIRemoteReference Remote Speed Reference setpoint for
the application.

This is normally an analog speed setting
that comes from remote position (Bridge
Control).

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V
(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance

(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance

(Mode 9) Thermocouple

[In] SpeedCtriISynchronizer | AnaloginBus Input that requires the Speed Control
Synchronizer setpoint for the application.
This is a bias signal that comes from a
synchronizer device, used to
increase/decrease engine speed to
synchronize with other Gensets that are
coupled to an electric network.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA
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(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

[In] SpeedCtrlIPowerlnput AnalogInBus Input that requires the Speed Control
Power Input / kW input for the
application. This is signal that
corresponds with the actual load
measured (mostly a kW transducer for
Gensets).

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)

(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance

(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance

(Mode 9) Thermocouple

[In] AnalogInBus Input that requires the Speed Control
SpeedCtrIFineAdjustment Fine Adjustment setpoint for the
application. This is a bias signal that
comes from an external device, used to
increase/decrease engine speed to fine
tune the speed. Sometimes this is
required during production validation
testing.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V
(Mode 2) 0-1.25V
(Mode 3) +-1V
(Mode 4) +-2.5V
(Mode 5) 4-20mA
(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple
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[In] SpeedCtrlIFuelDemand

AnaloglnBus

Input that requires the Speed Control
Fuel Demand for the application, if an
external Speed Control Device is used. It
will correspond with the output signal of
the external speed control.

Bus Details: AnaloglinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V
(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

[In] Transducer 5V

Transducer5VBus

Input that requires the Transducer 5 V
feedback value. This can be used for
calculating ratiometric correction for the
analog input signals.

Bus Details: Transducer5VBus:

- FilteredValue_V

- MeasurementStatus_enum

- RatiometricCorrectionFactor

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled

2 — SignalLow

3 — SignalHigh

4 — SensorSupplyFailed

5 — ReferenceSourceFailed

6 — OpenCircuit

[In] Transducer HV

TransducerHVBus

Input that requires the High Voltage (HV)
Transducer feedback value.

Bus Details: TransducerHighVoltBus:
- FilteredValue_V

- MeasurementStatus_enum

- RatiometricCorrectionFactor

- VoltageSelect_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 — Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
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5 — ReferenceSourceFailed
6 — OpenCircuit

lesp_hv_transducer_select_enum:
0-12v
1-20V

[In] PWRDLY boolean This input requires the status of the
PowerOn Delay that is required for some
initialization logic.

[In] Reset boolean Input that requires the application reset
and connected.

[Out] OffEngine Bus Output that contains the following

signals, all of type (AnalogSensorbus):
- SpeedCtriLocalReference

- SpeedCtrIRemoteReference

- SpeedCtrISynchronizer

- SpeedCtrlIPowerlnput

- SpeedCtrlFineAdjustment

- SpeedCtrlIFuelDemand

Bus Details: AnalogSensorBus:
- FilteredValue
- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit
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CRS Pressure Sensing (Medium) Block Interface

CRS Pressure Sensing (Medium)

Figure 11-3. LESP Model Reference ‘Sensors — CRS Pressure Sensing (Medium)’ Block

Table 11-2. ‘CRS Pressure Sensing (Medium)’ Block

Port

DataType

Description

[In] ManifoldAirPress1 AnalogInBus

Input that requires the Engine Manifold
Air Pressure Sensor #1 input signal. It is
one of the redundant sensors, measuring
actual engine manifold air pressure.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

-ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined
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(Mode 1) 0-5V
(Mode 2) 0-1.25V
(Mode 3) +-1V
(Mode 4) +-2.5V
(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance

[In] ManifoldAirPress2

AnaloglnBus

Input that requires the Engine Manifold
Air Pressure Sensor #2 input signal. It is
one of the redundant sensors, measuring
actual engine manifold air pressure.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V
(Mode 2) 0-1.25V
(Mode 3) +-1V
(Mode 4) +-2.5V
(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance

[In] AmbientAirPress

AnaloglnBus

Input that requires the Ambient Air
Pressure input signal. This signal
measures the actual ambient air
pressure, which is required for the logic
and absolute/relative pressure
calculations.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V
(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
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[In] FuelFilterinletPress AnaloglnBus Input that requires the Fuel Filter Inlet
Pressure input signal. This signal is the
fuel pressure from tank to filter inlet.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)

(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance

(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance

[In] FuelFilterOutletPress AnaloglnBus Input that requires the Fuel Filter Outlet
Pressure input signal. This signal is the
fuel pressure going to the engine.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined
(Mode 1) 0-5V
(Mode 2) 0-1.25V
(Mode 3) +-1V
(Mode 4) +-2.5V
(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance

(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance

[In] CrankCasePress AnalogInBus Input that requires the Crank Case
Pressure input signal. This sensor is
required to monitor excessive crankcase
pressure, which can lead to dangerous
situations.

Bus Details: AnaloglinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms
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Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V
(Mode 2) 0-1.25V
(Mode 3) +-1V
(Mode 4) +-2.5V
(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance

[In] Transducer 5V

Transducer5VBus

Input that requires Transducer 5V
feedback value. This can be used for
calculating ratiometric correction for the
analog input signals.

Bus Details: Transducer5VBus:

- FilteredValue_V

- MeasurementStatus_enum

- RatiometricCorrectionFactor

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled

2 — SignalLow

3 — SignalHigh

4 — SensorSupplyFailed

5 — ReferenceSourceFailed

6 — OpenCircuit

[In] Transducer HV

TransducerHVBus

Input that requires the High Voltage (HV)
Transducer feedback value.

Bus Details: TransducerHighVoltBus:
- FilteredValue_V

- MeasurementStatus_enum

- RatiometricCorrectionFactor

- VoltageSelect_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled

2 — SignalLow

3 — SignalHigh

4 — SensorSupplyFailed

5 — ReferenceSourceFailed

6 — OpenCircuit

lesp_hv_transducer_select_enum:
0-12v
1-20V

[In] PWRDLY

boolean

This input requires the status of the
PowerOn Delay that is required for some
initialization logic.

[In] EncoderState (enum)

uint8

This input requires the EncoderState
enum input from the encoder logic as
defined in the application.
lesp_encoder_state_enum:

0 — Not Created
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1 — ZeroSpeed

2 — Rotating

3 — Partial Synchronization

4 — Full Synchronization Pending
5 — Full Synchronization

[In] Reset boolean Input that requires the application reset
and connected.
[Out] Pressure Bus Output that contains the following

signals, all of type (AnalogSensorbus):
- ManifoldAirPress1

- ManifoldAirPress2

- ManifoldAirPress

- AmbientAirPress

- FuelFilterInletPress

- FuelFilterOutletPress

- FuelFilterDifferentialPress

- CrankcasePress

Bus Details: AnalogSensorBus:
- FilteredValue
- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

Woodward

265



Manual 35203V2

Large Engine System Platform: Software Features

CRS Pressure Sensing (Slow) Block Interface

CRS Pressure Sensing (Slow)

Figure 11-4. LESP Model Reference ‘Sensors — CRS Pressure Sensing (Slow)’ Block

Table 11-3. ‘CRS Pressure Sensing (Slow)’ Block

Port

DataType

Description

[In] LubeOQilFilterInletPress AnalogInBus

Input that requires the LubeQil Filter Inlet

Pressure input signal. This is the
pressure before/at LubeOQil filter inlet.

Bus Details: AnaloginBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 2) 0-1.25V
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(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance

[In] LubeQilFilterOutletPress

AnaloglnBus

Input that requires the LubeQil Filter
Outlet Pressure input signal. This is the
pressure after LubeOil filter at engine
LubeOil inlet.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance

[In] CoolantBlockInletPress

AnaloglnBus

Input that requires the Coolant Block Inlet
Pressure input signal. This is the coolant
pressure at Engine Block Inlet.

Bus Details: AnaloglinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance

(In]

CoolantBlockOutletPress

AnaloglnBus

Input that requires the Coolant Block
Outlet Pressure input signal. This is the
coolant pressure at Engine Block Outlet.
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Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V
(Mode 2) 0-1.25V

(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance

(In]

AfterCoolerWaterlnletPress

AnaloglnBus

Input that requires the AfterCooler Water
Inlet Pressure input signal. This is the
water inlet pressure at AfterCooler inlet.

Bus Details: AnalogIinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined
(Mode 1) 0-5V
(Mode 2) 0-1.25V
(Mode 3) +-1V

(Mode 4) +-2.5V

(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance

[In]
Turbo1LubeQillnletPress

AnaloglnBus

Input that requires the TurboCharger #1
LubeOil Inlet Pressure input signal. This
is the LubeOQil inlet pressure for the
TC#1.

Bus Details: AnaloglinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

Woodward

268



Manual 35203V2

Large Engine System Platform: Software Features

(Mode 2
(Mode 3
(Mode 4
(Mode 5
(Mode 6) RTD Low Impedance

(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance

0-1.25V
+1V
+-2.5V
4-20mA

~— — — N — ~—

[In]
Turbo2LubeQillnletPress

AnaloglnBus

Input that requires the TurboCharger #2
LubeOil Inlet Pressure input signal. This
is the LubeOQil inlet pressure for the
TC#2.

Bus Details: AnaloglinBus:

- Mode_enum

- Value

- ADC

- ADCToHWUnitsGain

- ADCToHWUnitsOffset

- PullupResistorValue_ohms

Mode_enum:
(lesp_analog_in_mode_enum)
(Mode 0) Undefined
(Mode 1) 0-5V
(Mode 2) 0-1.25V
(Mode 3) +-1V
(Mode 4) +-2.5V
(Mode 5) 4-20mA

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance

[In] Transducer 5V

Transducer5VBus

Input that requires the Transducer 5V
feedback value. This can be used for
calculating ratiometric correction for the
analog input signals.

Bus Details: Transducer5VBus:

- FilteredValue_V

- MeasurementStatus_enum

- RatiometricCorrectionFactor

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 — Valid

1 — Disabled

2 — SignalLow

3 — SignalHigh

4 — SensorSupplyFailed

5 — ReferenceSourceFailed

6 — OpenCircuit

[In] Transducer HV

TransducerHVBus

Input that requires the High Voltage (HV)
Transducer feedback value.

Bus Details: TransducerHighVoltBus:
- FilteredValue_V

- MeasurementStatus_enum

- RatiometricCorrectionFactor

- VoltageSelect_enum

MeasurementStatus_enum:
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(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

lesp_hv_transducer_select_enum:
0-12v
1-20V

[In] PWRDLY boolean This input requires the status of the
PowerOn Delay that is required for some
initialization logic.

[In] Reset boolean Input that requires the application reset
and connected.

[Out] Pressure Bus Output that contains the following

signals, all of type (AnalogSensorbus):
- LubeOilFilterinletPress

- LubeOilFilterOutletPress

- LubeOilFilterDifferentialPress

- CoolantBlocklInletPress

- CoolantBlockOutletPress

- AfterCooler\WaterlinletPress

- Turbo1LubeQillnletPress

- Turbo2LubeQillnletPress

Bus Details: AnalogSensorBus:
- FilteredValue
- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit
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CRS Speed Sensing (Medium)

Figure 11-5. LESP Model Reference ‘Sensors — CRS Speed Sensing (Medium)’ Block

Table 11-4. ‘CRS Speed Sensing (Medium)’ Block

Port DataType Description

[In] Turbo1Speed DiscretelnBus Input that requires the TurboCharger #1
Speed input signal. This is the actual
speed measured at the Turbocharger #1
wheel.

Bus Details: DiscretelnBus:
- DiscreteState

- Frequency Hz

- DutyCycle Pct

[In] uint8 Input that requires the TurboCharger #1
Turbo1SpeedlOMapping Speed IOMapping signal. This is the
(enum) IOMapping for the speed measurement

at the Turbocharger #1 wheel.

enum Details:
(lecm_frequency_in_mapping_enum)
0 — Not Used

1 — MainSpeed1

2 — MainSpeed2

3 — MainSpeed3

4 — MainSpeed4

5 — EIDSpeed1

6 — EIDSpeed2

7 — AuxSpeed1

8 — AuxSpeed?2

[In] Turbo2Speed DiscretelnBus Input that requires the TurboCharger #2
Speed input signal. This is the actual
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speed measured at the Turbocharger #2
wheel.

Bus Details: DiscretelnBus:
- DiscreteState

- Frequency _Hz

- DutyCycle Pct

[In]
Turbo2SpeedlOMapping
(enum)

uint8

Input that requires the TurboCharger #2
Speed IOMapping signal. This is the
IOMapping for the speed measurement
at the Turbocharger #2 wheel.

enum Details:
(lecm_frequency_in_mapping_enum)
0 — Not Used

1 — MainSpeed1
2 — MainSpeed2
3 — MainSpeed3
4 — MainSpeed4
5 — EIDSpeed1
6 — EIDSpeed?2
7 — AuxSpeed1
8 — AuxSpeed?2

[In] PWRDLY

boolean

This input requires the status of the
PowerOn Delay that is required for some
initialization logic.

[Out] Speed

Bus

Output that contains the following
signals, all type (AnalogSensorbus):
- Turbo1Speed

- Turbo2Speed

Bus Details: AnalogSensorBus:
- FilteredValue
- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit
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CRS Switch Sensing (Medium) Block Interface

CRS Switch Sensing (Medium)

Figure 11-6. LESP Model Reference ‘Sensors — CRS Switch Sensing (Medium)’ Block

Table 11-5. ‘CRS Switch Sensing (Medium)’ Block

Port

DataType

Description

[In] RunStop

DiscreteAnalogin

Input that requires the RunStop status feedback
in the application.

Run — Engine is ready to run and SpeedControl
will be active.

Stop — Engine will shut down and go into Stop
state.

DiscreteAnalogin:
- Type _enum
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- AnalogADC
- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type _enum)
0 — None

1 — Discrete

2 — Analog

[In] EmergencyStop

DiscreteAnalogin

This input requires the Emergency Stop Input
signal as defined in the application.
Emergency Stop is a direct fuel shutdown to
force the engine to stop.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In] ClearFaults

DiscreteAnalogin

This input requires the Clear Faults Input signal
as defined in the application.

It is meant to clear any fault that might be active
on the used channels.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In] FaultProtectionOverride

DiscreteAnalogin

This input requires the Fault Protection Override
Input signal as defined in the application.

It is meant to override any shutdown in case of
emergencies. This is typical for vessels as the
ultimate rescue to save the vessel at any cost.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type enum)
0 — None

1 — Discrete

2 — Analog

[In] CoolantExpansionTankLevelLow

DiscreteAnalogin

This input requires the Tank Level Low
feedback from the coolant expansion tank.
When the level drops below a certain minimum,
this input will be activated.
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DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In] DrivenEquipmentStartinterlock

DiscreteAnalogin

This input requires the Start Interlock from any
driven equipment. Examples are turning wheel
engaged or any other engine maintenance
blocking. When this is active, the engine must
be blocked from any start attempt.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In] EngineRapidStartRequest

DiscreteAnalogin

This input requires the Rapid Start Input signal
as defined in the application.

Rapid Start will override Pre-start sequencing
and enables starting possibility directly.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type enum)
0 — None

1 — Discrete

2 — Analog

[In] EngineStartRequest

DiscreteAnalogin

This input requires the Request for Engine Start
in the application. When this input becomes
active, the engine Start will be executed (when
allowed in the application logic).

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type _enum)
0 — None

1 — Discrete

2 — Analog

[In] LubricationSumpLevelLow

DiscreteAnalogin

This input requires the Low Level feedback from
the lubrication oil sump.
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When the oil level drops below a certain
minimum level, this input should be activated.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In] PreLubricationManualRequest

DiscreteAnalogin

This input requires the manual request for
starting the Pre-lubrication Oil Pump inside the
application.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type enum)
0 — None

1 — Discrete

2 — Analog

[In] SpeedControlDroop

DiscreteAnalogin

This input requires a selection if Droop is
required in the application or not. When not
selected, isochronous operation will be active.
Droop is a reduction in speed reference when
load is increased. This is used for stability and
loadsharing purposes.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type enum)
0 — None

1 — Discrete

2 — Analog

[In] SpeedControlldleRated

DiscreteAnalogin

This input requires the Idle/Rated Speed
Selection for the application.

This will be active when Speedcontrol is in
Digital Speed Settings mode.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog
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[In] SpeedControlLocalRemote

DiscreteAnalogin

This input requires the selection input between
Local and Remote Speed reference setpoint
inside the application.

This selection is active when speed control is in
Analog Speed Setting mode.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type _enum)
0 — None

1 — Discrete

2 — Analog

[In] SpeedControlLower

DiscreteAnalogin

This input requires the Lower Speed Selection
for the application.

This will be active when Speedcontrol is in
Digital Speed Settings mode.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type enum)
0 — None

1 — Discrete

2 — Analog

[In] SpeedControlRaise

DiscreteAnalogin

This input requires the Raise Speed Selection
for the application.

This will be active when Speedcontrol is in
Digital Speed Settings mode.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In] SpeedControlSpeedSelect1

DiscreteAnalogin

This input requires the Speed Select1 status for
the application.

This will be active when Speedcontrol is in
Digital Speed Settings mode and determines,
together with the SpeedControlSpeedSelect?2,
the actual rated speed setpoint.

A combination of 4 setpoints can be made with
both input definitions and normally comes from
wiring harness jumpers.

DiscreteAnalogin:
- Type_enum
- AnalogADC
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- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type enum)
0 — None

1 — Discrete

2 — Analog

[In] SpeedControlSpeedSelect2

DiscreteAnalogin

This input requires the Speed Select2 status for
the application.

This will be active when Speedcontrol is in
Digital Speed Settings mode and determines,
together with the SpeedControlSpeedSelect1,
the actual rated speed setpoint.

A combination of 4 setpoints can be made with
both input definitions and normally comes from
wiring harness jumpers.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In] SpeedControlAnalogDigitalSelect

DiscreteAnalogin

This input requires the selection input for
Analog/Discrete Speed Setting Selection for the
application.

This selection determines if the analog or digital
speed related inputs will be active or not.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type enum)
0 — None

1 — Discrete

2 — Analog

[In] SpeedControlAcceleratorBackup

DiscreteAnalogin

This input requires the Accelerator Backup
Speed Selection for the application.

This will be active when Speedcontrol is in
Analog Speed Settings mode and enables the
digital Raise/Lower commands to be used, even
when in Analog Speed Setting mode.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete
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2 — Analog

(In]

SpeedControlGeneratorBreakerClutch

DiscreteAnalogin

This input requires the feedback of either the
Generator Breaker (Genset) or the Gearbox
Clutch (Marine/Mechanical) for the application.
When this input changes, it also changes the
dynamics selection of the PID for the Speed
Control.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type enum)
0 — None

1 — Discrete

2 — Analog

[In] SpeedControlUtilityBreaker

DiscreteAnalogin

This input requires the feedback of the Utility
Breaker (Genset) for the application.

When this input changes, it also changes the
dynamics selection of the PID for the Speed

Control.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In] DieselFuelLeakage

DiscreteAnalogin

This input requires the feedback of the Fuel
Leakage Detection inside the application.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In] DieselFuelSupplyWaterPresence

DiscreteAnalogin

This input requires the feedback of the Water
Presence Detection inside the Diesel Fuel
Supply for the application.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None
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1 — Discrete
2 — Analog

[In] EngineStartMode

DiscreteAnalogin

This input requires the feedback of the Engine
Start Mode inside the application.
This can be either Manual Mode or Auto Mode.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type enum)
0 — None

1 — Discrete

2 — Analog

[In] LubricationSumpLevelHigh

DiscreteAnalogin

This input requires the High Level feedback
from the lubrication oil sump.

When the oil level rises above a certain
maximum level, this input should be activated.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type enum)
0 — None

1 — Discrete

2 — Analog

[In]
Turbo1AirShutoffValveSolenoidFeedback

DiscreteAnalogin

This input requires the feedback status from the
Turbo1 Air Shutoff valve solenoid.

It indicates whether the valve is in the open or
closed position.

DiscreteAnalogin:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None

1 — Discrete

2 — Analog

[In]
Turbo2AirShutoffValveSolenoidFeedback

DiscreteAnalogin

This input requires the feedback status from the
Turbo2 Air Shutoff valve solenoid.

It indicates whether the valve is in the open or
closed position.

DiscreteAnalogln:
- Type_enum

- AnalogADC

- DiscreteState

Type_enum:
(lesp_discrete_analog_in_mapping_type_enum)
0 — None
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1 — Discrete
2 — Analog

[Out] Switch

Bus

Output that contains the following signals, all
type (uint8):

- RunStop

- EmergencyStop

- ClearFaults

- FaultProtectionOverride

- CoolantExpansionTankLevelLow

- DrivenEquipmentStartinglnterlock

- EngineRapidStartRequest

- EngineStartRequest

- LubricationSumpLevelLow

- PrelubricationManualRequest

- SpeedControlDroop

- SpeedControlldleRated

- SpeedControlLocalRemote

- SpeedControlLower

- SpeedControlRaise

- SpeedControlSpeedSelect1

- SpeedControlSpeedSelect2

- SpeedControlAnalogDigitalSelect

- SpeedControlAcceleratorBackup

- SpeedControlGeneratorBreakerClutch

- SpeedControlUtilityBreaker

- DieselFuelLeakage

- DieselFuelSupplyWaterPresence

- EngineStartMode

- LubricationSumpLevelHigh

- Turbo1AirShutoffValveSolenoid- Feedback
- Turbo2AirShutoffValveSolenoid- Feedback
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CRS Temperature Sensing (Slow) Block Interface

CRS Temperature Sensing (Slow)

Figure 11-7. LESP Model Reference ‘Sensors — CRS Temperature Sensing (Slow)’ Block

Table 11-6. ‘CRS Temperature Sensing (Slow)’ Block

Port

DataType

Description

[In] EngineCoolantTemp1 TcRtdInBus

Input that requires the Engine
Coolant Temperature #1 input
signal.

TcRtdInBus:
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- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] EngineCoolantTemp2

TcRtdInBus

Input that requires the Engine
Coolant Temperature #2 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status_enum)
0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] LubeQilFilterOutletTemp

TcRtdInBus

Input that requires the Lubrication
QOil Filter Outlet Temperature input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_ enum:
(lesp_tcrtd_in_mode enum)
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(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] AmbientAirTemp TcRtdInBus Input that requires the Ambient Air
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status_enum)

0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] ManifoldAirTemp1 TcRtdInBus Input that requires the Engine
Manifold Air #1 Temperature input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC
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Status_enum:
(lesp_tcrtd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ManifoldAirTemp?2

TcRtdInBus

Input that requires the Engine
Manifold Air #2 Temperature input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] HPFuelPumplnletFuelTemp

TcRtdInBus

Input that requires the High
Pressure Pump Inlet Fuel
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_ enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable
1 — Error
2 —Open
3 — Valid
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[In] FuelRailTemp TcRtdInBus Input that requires the Fuel Rail
Temperature input signal.
TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms

- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC
Status_enum:
(lesp_tcrtd_in_status_enum)

0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] InjectorReturnFuelTemp TcRtdInBus Input that requires the Injector
Return line Fuel Temperature input
signal.
TcRtdInBus:
- Mode_enum
- Status_enum
- PullupResistorValue_ohms
- Value
Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined
(Mode 1) 0-5V
(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple
(Mode 10) Datalink degC
Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable
1 — Error
2 —Open
3 — Valid

[In] Turbo1CompressorintakeTemp TcRtdInBus Input that requires the Turbocharger

#1 Compressor Side Intake
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
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- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] Turbo2CompressorintakeTemp

TcRtdInBus

Input that requires the Turbocharger
#2 Compressor Side Intake
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 — Error

2 - Open

3 — Valid

[In] Turbo1TurbinelntakeTemp

TcRtdInBus

Input that requires the Turbocharger
#1 Turbine Side Intake
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_ enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
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(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] Turbo2TurbinelntakeTemp

TcRtdInBus

Input that requires the Turbocharger
#2 Turbine Side Intake
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status_enum)
0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] Turbo3TurbinelntakeTemp

TcRtdInBus

Input that requires the Turbocharger
#3 Turbine Side Intake
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status _enum)
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0 — NotAvailable
1 - Error
2 —Open
3 — Valid

[In] Turbo4TurbinelntakeTemp

TcRtdInBus

Input that requires the Turbocharger
#4 Turbine Side Intake
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] AfterCoolerWaterlnletTemp

TcRtdInBus

Input that requires the Water Inlet
Temperature of the AfterCooler
input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp1

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #1 input
signal.
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TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_ enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp?2

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #2 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_ enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status_enum)
0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] ExhaustGasTemp3

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #3 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode enum:
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(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] ExhaustGasTemp4 TcRtdInBus Input that requires the Exhaust Gas
Temperature of Cylinder #4 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp5 TcRtdInBus Input that requires the Exhaust Gas
Temperature of Cylinder #5 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple
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(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status_enum)
0 — NotAvailable

1 — Error

2 —0Open

3 — Valid

[In] ExhaustGasTemp6

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #6 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp7

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #7 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open
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3 — Valid

[In] ExhaustGasTemp8

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #8 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] ExhaustGasTemp9

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #9 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp10

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #10 input
signal.

TcRtdInBus:

Woodward

293



Manual 35203V2 Large Engine System Platform: Software Features

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp11 TcRtdInBus Input that requires the Exhaust Gas
Temperature of Cylinder #11 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable

1 — Error

2 - Open

3 — Valid

[In] ExhaustGasTemp12 TcRtdInBus Input that requires the Exhaust Gas
Temperature of Cylinder #12 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_ enum:
(lesp_tcrtd_in_mode enum)
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(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] ExhaustGasTemp13 TcRtdInBus Input that requires the Exhaust Gas
Temperature of Cylinder #13 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp14 TcRtdInBus Input that requires the Exhaust Gas
Temperature of Cylinder #14 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC
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Status_enum:
(lesp_tcrtd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp15

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #15 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp16

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #16 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status_enum)

0 — NotAvailable
1 — Error
2 —Open
3 — Valid
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[In] ExhaustGasTemp17

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #17 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 - Error

2 —Open

3 — Valid

[In] ExhaustGasTemp18

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #18 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)
0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp19

TcRtdInBus

Input that requires the Exhaust Gas
Temperature of Cylinder #19 input
signal.

TcRtdInBus:
- Mode_enum
- Status_enum
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- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable

1 — Error

2 —Open

3 — Valid

[In] ExhaustGasTemp20 TcRtdInBus Input that requires the Exhaust Gas
Temperature of Cylinder #20 input
signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_ enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tcrtd_in_status_enum)

0 — NotAvailable
1 — Error
2 —Open
3 — Valid
[In] HPFuelPump1HousingTemp TcRtdInBus Input that requires the High

Pressure Pump #1 Housing
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V
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(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable
1 — Error
2 —Open
3 — Valid

[In] HPFuelPump2HousingTemp

TcRtdInBus

Input that requires the High
Pressure Pump #2 Housing
Temperature input signal.

TcRtdInBus:

- Mode_enum

- Status_enum

- PullupResistorValue_ohms
- Value

Mode_enum:
(lesp_tcrtd_in_mode_enum)
(Mode 0) Undefined

(Mode 1) 0-5V

(Mode 6) RTD Low Impedance
(Mode 7) RTD Medium Impedance
(Mode 8) RTD High Impedance
(Mode 9) Thermocouple

(Mode 10) Datalink degC

Status_enum:
(lesp_tertd_in_status_enum)

0 — NotAvailable
1 — Error
2 —Open
3 — Valid

[In] LocalColdJct

AnalogSensorBus

Input that requires the Local Cold
Junction Temperature input signal.

AnalogSensorBus:
- FilteredValue
- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] PWRDLY boolean This input requires the status of the
PowerOn Delay that is required for
some initialization logic.

[In] Reset boolean Input that requires the application to

be reset and connected.
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[Out] Temperature

Bus

Output that contains the following
signals, all type
(AnalogSensorBus):

- EngineCoolantTemp1

- EngineCoolantTemp2

- EngineCoolantTemp

- LubeQilFilterOutletTemp

- AmbientAirTemp

- ManifoldAirTemp1

- ManifoldAirTemp2

- ManifoldAirTemp

- HPFuelPumplnletFuelTemp
- FuelRailTemp

- InjectorReturnFuelTemp

- Turbo1CompressorintakeTemp
- Turbo2CompressorintakeTemp
- Turbo1TurbinelntakeTemp

- Turbo2TurbinelntakeTemp

- Turbo3TurbinelntakeTemp

- Turbo4TurbinelntakeTemp

- AfterCoolerWaterlnletTemp
- ExhaustGasTemp1

- ExhaustGasTemp2

- ExhaustGasTemp3

- ExhaustGasTemp4

- ExhaustGasTemp5

- ExhaustGasTemp6

- ExhaustGasTemp7

- ExhaustGasTemp8

- ExhaustGasTemp9

- ExhaustGasTemp10

- ExhaustGasTemp11

- ExhaustGasTemp12

- ExhaustGasTemp13

- ExhaustGasTemp14

- ExhaustGasTemp15

- ExhaustGasTemp16

- ExhaustGasTemp17

- ExhaustGasTemp18

- ExhaustGasTemp19

- ExhaustGasTemp20

- HPFuelPump1HousingTemp
- HPFuelPump2HousingTemp

Bus Details: AnalogSensorBus:
- FilteredValue
- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit
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Example Model Using the Blocks

Below is a very simple setup using MotoHawk Calibration and MotoHawk Probes blocks to make the
model suitable for building.

[%&] sensors_inputProcessingCRS ¥ [Pl Triggered Subsystem P

’r

‘r

” ‘r

Figure 11-8. Simple Example Model, Using the Sensors - CRS Interface Block

The required files will generate when compiling, and if the Toolkit required blocks are also added to the
application model, it will generate the required SID files for the Toolkit HMI tool creation.

Default ToolKit Pages

Opening a new Toolkit application and selecting the correctly generated .sid file will look like the
screenshot below.

Tool Explorer | Components

Device:
[ —————
&

[ ufered Eiting Pane
2 HelpButton

Figure 11-9. SID File Selection Sensors — CRS Interface Logic

Woodward 301



Manual 35203V2 Large Engine System Platform: Software Features

Below are a few of the Toolkit pages that will contain most of the defined parameters in the example
model. Of course, the real sensors and data must be attached to complete it for the application that is
being worked on. For that reason, red X’'s appear on some pages.

% Sensors_CRS_Tool.wtool - Woodward ToolKit

Design  View  Settings  Tools Sensors - CRS Overview

D22HE A 2 2 "

e -e
Connect  Disconnect

Open  Close  Save  Save Load Communication  “eve
£ s Application Statistics alues
Tool Device
Manifold Air Pressure Ambient Air Pressure Crankcase Pressure Lube Oil Filter Outlet Press...| |Lube Ol Fiter Inlet Pressure. Quick:Buttons to,

jump,tc pages

Emergency Stop

@ Prelubrication Manual Request

@ Coolant Bx;

1000.0 1000.0 10000 10000 10000 Aftercooler Water

Lube Block —
Lubrication Sump Level High
g Fuel Rail
@ Diesel Fuel Leakage
Fuel ~
Diesel Fuel Supply Water Presence
Fuiel Pump ~
Interdock
Switches —

Speed Control Droop

1000.0 1000.0 10000 10000 1000.0 Speed Control —

Speed Control dle Rated

SC Fuel Demand —

Turbo Temy

Turbo Press

Turbo Speed —

Exhaust Gas Temp —

@ Speed Control Speed Select 22

Speed Control Accelerator Backup

Speed Control Analog Digital Select

Turbo #1 Air Shuteff Valve

Connected on K [ View

© 0 EEETTT—C 2 T e © 6 EEEEETT—

Woodward 302



Manual 35203V2 Large Engine System Platform: Software Features

Woodward 303



Manual 35203V2 Large Engine System Platform: Software Features

2

po

Figure 11-10. Examples of the Sensors-Input CRS Dual Fuel Toolkit Pages
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Chapter 12.
Sensors - UEGO

Introduction

The ‘Sensors — UEGO'’ blockset is used to activate, read, and control the Universal Exhaust Gas Oxygen
(UEGO) Sensor inside the application. UEGO is also sometimes referred to as Wide Band Lambda
sensors. UEGO sensors are designed to measure the amount of oxygen in an exhaust gas flow. This
measurement is used to infer the air/fuel ratio at the time of combustion, ignition timing corrections, and
the proportions of pollutants entering the catalytic converter.

Inside the blockset, one block is available as shown in the screenshot below.

28 Simulink Library Browser - O x

¢ % [rrmmon &A@ -0- @|- @

LESP Model Reference/Sensors/UEGOD

Model-Wide Utilities ~
Ports & Subsystems
Signal Attributes
Signal Routing
Sinks
Sources
String
User-Defined Functions
> Additional Math & Discrete
> Quick Insert
Embedded Coder
Fixed-Point Designer
Fixed-Point Designer HDL Support
HDL Coder
LESP
LESP Model Reference
¥ Control

v v

Air Management
Balancing
CRS Rail Pressure
Knock
speed Control
WLO Fuel Metering Valve
¥ Functions
Engine Start
Engine State
™ Sensors
¥ Input Processing
Dual Fuel
UEGO
MaotoHawk
MatoHawk Annotations
MatoHawk Flexible Encoder
MaotoHawk FPGA
MotoHawk OBD Fault Manager
MaotoHawk VDO Gauge
simulink 3D Animation

simulink Coder

Simulink Extras

Stateflow

Woodward Custom Modbus Master/Slave
WoodwardASB (Gen2) Primitives v

UEGO1

Figure 12-1. LESP Model Reference ‘Sensors — UEGO’ Block

e  Sensors — UEGO Model Reference Block
UEGO sensors are more complex inputs than the typical pressure or temperature sensor. There is a
control loop required to create the measurement signal, a heater control circuit to maintain the
sensor at the proper operating temperature, two voltages to be corrected, sensor protection
schemes, and a calibration to be maintained.

Woodward 305



Manual 35203V2

Large Engine System Platform: Software Features

UEGO1 Block Interface

UEGOD1

Table 12-1. ‘UEGO1’ Block

Figure 12-2. LESP Model Reference ‘Sensors — UEGO1’ Block

Port

DataType

Description

[In] Enable

Boolean

Input to enable / disable the UEGO
logic.

True > Active

False = Inactive

[In] Key Switch

Boolean

The actual status of the Key Switch
input at that moment in the
application. This field is used for
UEGO logic.
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Emergency Stop is a direct fuel
shutdown to force engine stop.

[In] Engine State

uint8

The actual engine state the engine
is operating in at that particular
moment. These states
(lesp_engine_state_enum) are
defined as below:

0 — Stopped

1 — Prestart
2 — Starting

3 —Warmup
4 — Running
5 — Cooldown
6 — Stopping
7 — Postrun

[In] Input Power (V)

AnalogSensorBus

The actual input power supply in
volts at that moment in the
application. This field is used for
UEGO logic.

Bus Details: AnalogSensorBus:
- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Engine Coolant Temp (degC)

AnalogSensorBus

The actual engine coolant
temperature in degC at that
moment in the application. This field
is used for UEGO logic.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 — Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Exhaust Gas Temp (degC)

AnalogSensorBus

The actual exhaust gas temperature
in degC at that moment in the
application. This field is used for
UEGO logic.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement status _enum)
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0 — Valid

1 — Disabled

2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Manifold Air Temp (degC)

AnalogSensorBus

The actual manifold air temperature
in degC at that moment in the
application. This field is used for
UEGO logic.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 — Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Manifold Air Pressure (kPa)

AnalogSensorBus

The actual manifold air pressure in
kPa at that moment in the
application. This field is used for
UEGO logic.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Ambient Air Pressure (kPa)

AnalogSensorBus

The actual ambient air pressure in
kPa at that moment in the
application. This field is used for
UEGO logic.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 — Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit
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[In] Exhaust Back Pressure (kPa)

AnalogSensorBus

The actual exhaust back pressure
in kPa at that moment in the
application. This field is used for
UEGO logic.

Bus Details: AnalogSensorBus:

- FilteredValue

- MeasurementStatus_enum

MeasurementStatus_enum:
(lesp_measurement_status_enum)
0 - Valid

1 — Disabled
2 — SignalLow
3 — SignalHigh

4 — SensorSupplyFailed
5 — ReferenceSourceFailed
6 — OpenCircuit

[In] Engine Speed (RPM)

single

The actual engine speed at that
moment in the application. This field
is used for UEGO logic.

[In] Engine Displacement (L)

single

Engine displacement in [L].
This info is in the spec sheet of the
Engine (OEM).

[In] Fuel Cut

boolean

This input parameter defines if fuel
cut is active or not. It is important
for the logic to have this status
feedback.

Fuel cut means that fuel is shut-off
instantly.

[In] Wide Open Throttle

boolean

This input parameter defines if the
throttle is wide open. It is important
for the logic to have this status
feedback.

[In] Manual Air Cal

boolean

Input that defines if manual air
calibration is wanted.

The manual air calibration process
involves removing the sensor from
its mounting location so that it is
exposed to pure air, turning on the
heater to bring it up to proper
temperature, and calculating a
correction factor by comparing the
measured pumping current to the
ideal pumping current.

[In] Specific Fuel Consumption (kg/hr)

single

Specific fuel consumption in [kg/hr]

[In] Specific Humidity (gH20/kgDryAir)

single

Specific humidity in
[gH20/kgDryAir]

[In] Desired Phi

single

Desired Phi value of the air and
exhaust intake flow.

[Out] UEGO Sensing

bus

Sensing signals from the UEGO
sensor logic.

Signals in the bus are:

- State_enum

- Phi

- Lambda

- O2Pct

- Desired phi

- Desired Lambda
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[Out] UEGO Diagnostics

bus

Diagnostics coming from the UEGO
sensor logic.

Signals in the bus are:

- HeaterControlDiag (FaultBus)

- HeaterRangeHighDiag (FaultBus)
- HeaterRangelLowDiag (FaultBus)
- HeaterOpenShortDiag (FaultBus)
- VMDiag (FaultBus)

- UNDiag (FaultBus)

- IADiag (FaultBus)

- URRangeHighDiag (FaultBus)

- URRangeLowDiag (FaultBus)

- UARangeHighDiag (FaultBus)

- UARangeLowDiag (FaultBus)

- SensorlnactiveDiag (FaultBus)

- AirCalLowerLimitDiag (Faultbus)
- AirCalUpperLimitDiag (Faultbus)
- AirCalMeaslInvalid

- AirCalCorrFactEnabled

FaultBus:

- AssertionStatus

- ConditionalStatus
- InhibitStatus

Example Model Using the Blocks

Below is a very simple setup using MotoHawk Calibration and MotoHawk Probes blocks to make the

model suitable for building.

[Pl sensors_UEGO ¥ [Pa] Triggered Subsystem b

Figure 12-3. Simple Example Model, Using the Sensors — UEGO1 Block
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The required files will generate when compiling, and if the Toolkit required blocks are also added to the
application model, it will generate the required SID files for the Toolkit HMI tool creation.

Default ToolKit Pages

Opening a new Toolkit application and selecting the correctly generated .sid file will look like the
screenshot below.

Tool Explorer  Components

Parameter Explore
Device:
Device (Sensors_UEGO_003) v
=]
4 Diagnostics

- UEGO
4 nputs
Kl UEGO
- UEGO1
Air Cal
Burn Off

Chip Calibration ——
a2

EQR
Heater Control

Heater
[EPUEGO1 State [+]
» [ Sensors_UEGOD

> [ System

b UEGO

Other Components

() Offline Editor Button
() Run Button

|5 %-¥ Chart

[=] Buffered Editing Panel
(%) Help Button

Figure 12-4. SID File Selection Sensors — UEGO

Below are a few of the Toolkit pages that will contain most of the defined parameters in the example
model. Of course, the real sensors and data must be attached to complete it for the application that is
being worked on. For that reason, red X’'s appear on some pages. Also, due to the diagnostics setup in
the application, some values may display a red X.
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W sensors UEGO_Toolwtool - Woodward ToolKit

View  Settings

» "HE AR Z

Sensing - UEGO

[

Ll Sowim
New  Open  Close Save Save Design Connect  Disconnect Load Communication
S As Mode Application Statistics
Select View State Sensor Warmed Up Air Cal State
Configure UEGO o] \alid 4 )
Overview Condensation Removed  Chip Cal Active
Sensor Enabled Reset A Air Calibration ) [
Chip Calibration
Sensor Diagnstic anzs Calibration Manitor Fault Actions
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W sensors UEGO_Toolwtool - Woodward ToolKit
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W sensors UEGO_Toolwtool - Woodward ToolKit
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W sensors UEGO_Toolwtool - Woodward ToolKit
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W sensors UEGO_Toolwtool - Woodward ToolKit
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Figure 12-5. Examples of the Sensors-UEGO Toolkit Pages
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Functional Description — UEGO Sensor

Introduction

The LESP Model Reference software logic supports the Bosch UEGO LSU 4.9 sensor. This universal
exhaust gas oxygen (UEGO) sensor measures the oxygen content of the exhaust gas enabling the
correct fuel-air ratio in the engine under all conditions. It has the ability to measure very rich to very lean
fuel-air mixtures. In this application, it is used to feedback the fuel-air ratio to a closed loop AFR control
logic done with the throttle valve. The following describes more details on this feature and how to set it

up.

Toolkit Setup Page

The Toolkit tool can be used to setup the UEGO sensor. A special page contains the setup and logic that

are required for correct UEGO sensor operation and performance.

VAR  View  Settings  Tools G Q 2.180 - Sensing : UEGO

DroHE

W WOODWARDD
6WH20 DF v1.1 IS [

I ENGINE RUNNING

Dashboard
Datelime Nov 24, 2020 - 12:50:30 AM

Temperature 356 degC Non

Input Voltage 21 v o0
EncoderState  Full Synchronization B
Speed Setpoint 4000 RPM

Speed 2017 RoM

il P

S 4022 bar

Rail Pressure 4680 bar

Fuel Demand 722 mm/eyl

% Gas

Substitution L] 5

Demanded Load 38 %

Demnded P

@Run @ Fuel Cut Request @ Fault Protection
@GosOK @ GosVahve Ok @ Gas Mode
Alarm @ shutdoun
owerLimit#1 @ Immedinte
@ouertmis1 @ et

@ stot Intertock

@ Pouer Limit 22

.Ba:kTa LowIdle Show Name Value Uni cale Low ScaleHigh Y1 V2V Deltz x Avg Change
Phi 3 2NoN NoN NaN Mol Nal ReN NN Left
Oempfrize= [SE % 0 OONNNaNNaN  NeNNeNNaNNaN  Right

WRiTemp degC 500 1250 NN NaNNsN  Nal Nl Nah Na Lett

Figure 12-6. UEGO Sensor Toolkit Setup Page

By default, the sensor is disabled, but can be activated simply by pushing the enable button.

When disabled, the sensor will not function at all.

D“"HHAE&‘%‘: i

New Open Close Save SAs DN?E Connect t  Di AppL;( 4
MW, wooDWAR Dl [cmoeon |[ 25 ][ -
6WH20 DF v1.1 N e [ ] o[ 5] e

Dashbosrd
DateTime ~ Now 24, 2020 - 125030 AM

RunTime 0000000.1215:41

EngineState  Running

T, 58 e
Spedept w00 o
Syt w7 o
e o

4680 bar

Fuel Demand 722 mmeyl

Figure 12-7. UEGO Sensor Activation / Deactivation
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Once enabled while the engine is running, the sensor heater will be activated and controlled at the
desired operating temperature of 780 degC. As long as the engine continues running, the sensor will
remain active.

Once the engine is stopped, the heater will be disabled automatically, and the sensor will be switched off.
If the engine is started again, the heater will be started, and the sensor will activate once the operating
temperature has been reached.

WA View  settings  Tools © Q 2180 - Sensing : UEGO

O “HE A S Z & |

Load Communication  Save
Application Statistics Values

New  Open  Close  Save  Sove Design Connect  Disconnect
b As Mode

Mo WoODWAR D[l [ cmwmnen | [ csmms || s-comr | [ <crmunn |[ s sm | ecommons
L)

.
ownizo D vi.1 I ) 5 [ ) ) 9 ) [0 v | e |

DateTime Nov 24, 2020 - 12:58:55 AM

Select View State Sensor Warmed Up Air Cal State
ENGINE RUNNING Configure UEGO ek P valid ® )
Condensation Removed  Chip Cal Active
Dashboard Sensor Enabled Reset Air Cal State Y [~

UEGO Fault Causes

Heater Duty Cycle

Lambda %02

Run Time  000000C,12:24:05 Sensor Fault None

EngineState  Running

Module
Temperature

Heater Fault None

35.8 degC Calibration Fault Nene

Input Voltage 241 vV AirCal Correction 1,000

EncoderState  Full Synchronization Air Cal Counter 0

Speed Setpoint 4000 RPM

Speed 400.9 RPM

Rail Pressure
Setpoint

Rail Pressure 468.5 bar

4045 bar

Fuel Demand 1227 mm3/cyl

Substitution 00 %

Demanded Load 42 %

Demanded
Pawer

@rRun @ Fuel CutRequest (@) Fault Protection

57.0 kW

@GosOK @ GasVahe OK @ Gas Mode
Alarm @ shutdown
Immediate
Power Limit #1 ond
@ Power Limi [ T 20 seconds
@vrowerlimit#£2 @ Start Interlock

@Fower Limit#3 @ Back To Low ldle Show  Name Value Units Scale Low Scale High Y1 V2 VDelta Min Max Avg Change/sec Scale Position
@ Vi Pulse I Phi ] 2 NaN NaN NaN  NaN Nal Na NaN Left

Keep Rated Speed
—Ey Oleplticitee %02 % ) 100 NaN Nah NaN NaN Nah Nah NaN Right

Figure 12-8. UEGO Sensor - Enabled

The example above shows the sensor being active in a simulator setup, where no exhaust gasses are
available. This is the why the oxygen is at 20.3 % and no valid Phi / Lambda is displayed.

Manual Air Calibration

Over time, it is possible that the sensor reading may shift. This is a result of contamination that builds up
on the element, increasing the amount of pump current required to pump oxygen. This causes the ECM
to think the fuel-air mixture is too rich. To compensate, the ECM will reduce the amount of injected fuel.
The reduction in fuel by the ECM could lead to higher NOx emissions and lean misfire. To avoid this
situation, it is necessary to perform an air calibration of the sensor at regular intervals. Woodward
recommends that an air calibration be performed at every oil change for maximum engine performance.
An air calibration requires that the sensor be removed from the exhaust system and exposed to air. The
environment must be free from exhaust gas or fuel vapors. Activation of manual air calibration is
performed through the Woodward Service Tool. The sensor is heated by the ECM and adapted to the
amount of oxygen in the air. Once complete, re-install the UEGO sensor in the exhaust system using the
proper installation torque.

To prevent damage to the LECM or UEGO sensor, do not disconnect the
sensor from the wiring harness until the LECM has shut down completely.
This occurs approximately 30 seconds after switching the key to the off
position.

NOTICE
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Sensor Burn-Off

Once the air calibration adaptation has reached 10%, Woodward strongly recommends performing a
burn-off of the sensor. If the air calibration adaptation is 2 15%, a burn-off procedure is mandatory. The
burn-off feature raises the operating temperature of the sensor to burn off the contaminants that collect on
the sensor over time. Burn-off is performed using the Woodward Service Tool. The sensor must be
removed from the exhaust system and be allowed to hang freely in the air. The sensor will become very
hot and should not contact anything. Burn-off occurs at 870°C for 6 to 15 minutes. During this procedure,
it is important that the ramp rate for the effective heater voltage (Veff) not exceed 0.3 V/s. Higher
gradients can damage the sensor and provides no advantage to the operator. After burn-off is complete,
an air calibration must be performed so that a new air calibration factor can be learned. Once this is
complete, the sensor can go back into operation.

During air calibration and burn-off, the sensor element becomes very
A CAUTION hot. Keep the sensor away from skin and components that can be

damaged by heat. Use the proper personal protective equipment
when handling the sensor.

Troubleshooting

The LECM performs active checks of the sensor depending upon the type of system. The LESP OBD
system performs the most advanced checks including:
e Heater open

¢ Heater short

¢ Heater temperature lower-than-expected

o Heater temperature higher-than-expected

¢ Heater temperature control failure

¢ Sensor internal faults

e Air calibration failure

o Air calibration at upper-limit

o Air calibration at lower-limit

UEGO sensor faults may be system wiring problems and not sensor problems. Therefore, it is important
to check the wiring harness between the ECM and the connector of the LSU. There are no serviceable
parts in the LSU4.9. If any part of the sensor is damaged, the whole sensor must be replaced. If any of
the wiring between the sensor and the sensor connector is damaged, the whole sensor must be replaced.
The wire insulation is designed for high temperature environments and heat shrink or electrical tape will
fail since they are not designed for high temperatures.

If the heater in the sensor is damaged, it will not reach the correct temperature for the sensor to function.
If heater failure is suspected, check the resistance of the sensor by using an ohmmeter across pins 3 and
4. If the ohmmeter shows that the circuit is open, the heater is defective, and the entire sensor must be
replaced. At room temperature (20 °C to 25 °C), the resistance should measure 3.2 + 0.8 Q. If the sensor
is still warm from operation, the resistance will measure higher. Wait until the sensor has fully cooled and
re-check the resistance to see if it is within specification.
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Chapter 13.
Product Support and Service Options

Product Support Options

If you are experiencing problems with the installation, or unsatisfactory performance of a Woodward

product, the following options are available:

1. Consult the troubleshooting guide in the manual.

2. Contact the OE Manufacturer or Packager of your system.

3. Contact the Woodward Business Partner serving your area.

4. Contact Woodward technical assistance via email (EngineHelpDesk@Woodward.com) with
detailed information on the product, application, and symptoms. Your email will be forwarded to an
appropriate expert on the product and application to respond by telephone or return email.

5. If the issue cannot be resolved, you can select a further course of action to pursue based on the
available services listed in this chapter.

OEM or Packager Support: Many Woodward controls and control devices are installed into the equipment
system and programmed by an Original Equipment Manufacturer (OEM) or Equipment Packager at their
factory. In some cases, the programming is password-protected by the OEM or packager, and they are the
best source for product service and support. Warranty service for Woodward products shipped with an
equipment system should also be handled through the OEM or Packager. Please review your equipment
system documentation for details.

Woodward Business Partner Support: Woodward works with and supports a global network of
independent business partners whose mission is to serve the users of Woodward controls, as described
here:

e A Full-Service Distributor has the primary responsibility for sales, service, system integration
solutions, technical desk support, and aftermarket marketing of standard Woodward products within
a specific geographic area and market segment.

e An Authorized Independent Service Facility (AISF) provides authorized service that includes repairs,
repair parts, and warranty service on Woodward's behalf. Service (not new unit sales) is an AISF's
primary mission.

¢ A Recognized Engine Retrofitter (RER) is an independent company that does retrofits and
upgrades on reciprocating gas engines and dual-fuel conversions, and can provide the full line of
Woodward systems and components for the retrofits and overhauls, emission compliance upgrades,
long term service contracts, emergency repairs, etc.

A current list of Woodward Business Partners is available at www.woodward.com/local-partner.

Product Service Options

Depending on the type of product, the following options for servicing Woodward products may be
available through your local Full-Service Distributor or the OEM or Packager of the equipment system.
e Replacement/Exchange (24-hour service)

e Flat Rate Repair

e  Flat Rate Remanufacture
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Replacement/Exchange: Replacement/Exchange is a premium program designed for the user who is in
need of immediate service. It allows you to request and receive a like-new replacement unit in minimum
time (usually within 24 hours of the request), providing a suitable unit is available at the time of the
request, thereby minimizing costly downtime.

This option allows you to call your Full-Service Distributor in the event of an unexpected outage, or in
advance of a scheduled outage, to request a replacement control unit. If the unit is available at the time of
the call, it can usually be shipped out within 24 hours. You replace your field control unit with the like-new
replacement and return the field unit to the Full-Service Distributor.

Flat Rate Repair: Flat Rate Repair is available for many of the standard mechanical products and some
of the electronic products in the field. This program offers you repair service for your products with the
advantage of knowing in advance what the cost will be.

Flat Rate Remanufacture: Flat Rate Remanufacture is very similar to the Flat Rate Repair option, with
the exception that the unit will be returned to you in “like-new” condition. This option is applicable to
mechanical products only.

Returning Equipment for Repair

If a control (or any part of an electronic control) is to be returned for repair, please contact your Full-
Service Distributor in advance to obtain Return Authorization and shipping instructions.

When shipping the item(s), attach a tag with the following information:
Return number

Name and location where the control is installed

Name and phone number of contact person

Complete Woodward part number(s) and serial number(s)
Description of the problem

Instructions describing the desired type of repair

Packing a Control

Use the following materials when returning a complete control:

Protective caps on any connectors

Antistatic protective bags on all electronic modules

Packing materials that will not damage the surface of the unit

At least 100 mm (4 inches) of tightly packed, industry-approved packing material
A packing carton with double walls

A strong tape around the outside of the carton for increased strength

To prevent damage to electronic components caused by improper

NO TICE handling, read and observe the precautions in Woodward manual
82715, Guide for Handling and Protection of Electronic Controls,
Printed Circuit Boards, and Modules.

Replacement Parts

When ordering replacement parts for controls, include the following information:
o the part number(s) (XXXX-XXXX) that is on the enclosure nameplate;
e the unit serial number, which is also on the nameplate.
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Engineering Services

Woodward’s Full-Service Distributors offer various Engineering Services for our products. For these
services, you can contact the Distributor by telephone or by email.

e  Technical Support

e  Product Training

e Field Service

Technical Support is available from your equipment system supplier, your local Full-Service Distributor,
or from many of Woodward’s worldwide locations, depending upon the product and application. This
service can assist you with technical questions or problem solving during the normal business hours of
the Woodward location you contact.

Product Training is available as standard classes at many Distributor locations. Customized classes are
also available, which can be tailored to your needs and held at one of our Distributor locations or at your
site. This training, conducted by experienced personnel, will assure that you will be able to maintain
system reliability and availability.

Field Service engineering on-site support is available, depending on the product and location, from one
of our Full-Service Distributors. The field engineers are experienced both on Woodward products as well
as on much of the non-Woodward equipment with which our products interface.

For information on these services, please contact one of the Full-Service Distributors listed at
www.woodward.com/local-partner.

Contacting Woodward’s Support Organization

For the name of your nearest Woodward Full-Service Distributor or service facility, please consult our
worldwide directory at www.woodward.com/support, where you may also find the most current product
support and contact information.

You can also contact the Woodward Customer Service Department at one of the following Woodward
facilities to obtain the address and phone number of the nearest facility at which you can obtain
information and service.

Products Used in Products Used in Products Used in Industrial
Electrical Power Systems Engine Systems Turbomachinery Systems
Facility --------------- Phone Number Facility ------=-=-=---- Phone Number Facility ------=-=------ Phone Number
Brazil ------------- +55 (19) 3708 4800 Brazil ------------- +55 (19) 3708 4800 Brazil ------------- +55 (19) 3708 4800
China----------- +86 (512) 8818 5515 China----------- +86 (512) 8818 5515 China----------- +86 (512) 8818 5515
Germany:------- +49 (711) 78954-510 Germany ------ +49 (711) 78954-510  India --------------- +91 (124) 4399500
India --------------- +91 (124) 4399500 India --------------- +91 (124) 4399500 Japan--------------- +81 (43) 213-2191
Japan--------------- +81 (43) 213-2191  Japan--------------- +81 (43) 213-2191  Korea-------------- + 82 (32) 422-5551
Korea--------------- +82 (32) 422-5551 Korea------------- + 82 (32) 422-5551 The Netherlands--+31 (23) 5661111
Poland ------------ +48 (12) 295 1300 The Netherlands--+31 (23) 5661111  Poland ------------ +48 (12) 295 13 00

United States-----+1 (970) 482-5811  United States-----+1 (970) 482-5811  United States-----+1 (970) 482-5811
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Technical Assistance

If you need to contact technical assistance, you will need to provide the following information. Please write
it down here before contacting the Engine OEM, the Packager, a Woodward Business Partner, or the
Woodward factory:

General
Your Name

Site Location

Phone Number

Fax Number

Prime Mover Information

Manufacturer

Engine Model Number

Number of Cylinders

Type of Fuel (gas, gaseous, diesel, dual-fuel, etc.)

Power Output Rating

Application (power generation, marine, etc.)

Control/Governor Information
Control/Governor #1

Woodward Part Number & Rev. Letter

Control Description or Governor Type

Serial Number

Control/Governor #2

Woodward Part Number & Rev. Letter

Control Description or Governor Type

Serial Number

Control/Governor #3

Woodward Part Number & Rev. Letter

Control Description or Governor Type

Serial Number

Symptoms
Description

If you have an electronic or programmable control, please have the adjustment setting positions or the menu
settings written down and with you at the time of the call.
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Technical Specifications
|
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Revision History
|

Changes in Revision -
e New manual
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Declarations
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We appreciate your comments about the content of our publications.

Send comments to: industrial.support@woodward.com

Please reference publication 35203V2
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PO Box 1519, Fort Collins CO 80522-1519, USA
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