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1. Product Introduction

The NI Combustion Analysis System Software for LabVIEW (NI CAS) is a unique LabVIEW plug-in for performing
sophisticated in-cylinder combustion analysis and data logging for engine research and development targeted

to a wide variety of NI Hardware. When licensed as a toolkit it can be used to develop sophisticated PXI-based
combustion analysis applications with real-time feedback control capabilities. Licensed as an executable, it can be
deployed to portable, low-cost cDAQ hardware.

NI CAS Software allows streaming of raw data to file continuously, by cycle count, time, or file size. Raw data files
are stored in National Instrument's popular TDMS format and include all channel configurations, engine geometry
and custom test data to allow complete reconstruction of the test environment at a later date. Cycle-by-cycle
summaries of analysis parameters can also be logged to TDMS files for later review. The TDMS file format is an
open format allowing these files to be post-processed with a variety of tools, including the NI CAS Software Post-
Processing tools, NI DIAdem, or Microsoft Excel.

License Versions

Development License
The Development License of NI CAS Software enables a LabVIEW toolkit for users to integrate sophisticated
combustion analysis and data logging with engine control applications. The toolkit includes many analysis
functions, front panel controls, and utilities including data-streaming-to-disk, pre-processing, heat release,
pressure metrics, knock analysis, noise analysis, raw data logging, summary data reporting and post-
processing.

The NI CAS Software for Development leverages R Series (FPGA), S Series (simultaneous analog
sampling) and M Series (Multiplexed analog sampling) PXI devices from National Instruments to supervise
engine position tracking and synchronization of data collection and processing. SCXI hardware can be
leveraged for medium-speed data collection which is subsequently aligned with engine-synchronous data.
This software can be targeted to a wide variety of PXI real-time controllers depending on the application
performance requirements.

The Development Version of NI CAS Software example application may be used stand-alone or integrated
with an engine control application.

Deployment License
The Deployment License enables deployment to low-cost, easy-to-use, portable engine combustion analysis
hardware bundles. NI CAS Software for Deployment is a pre-built NI LabVIEW Runtime executable for
Microsoft Windows, targeting cDAQ hardware over USB and Ethernet, or Stand-Alone cDAQ chassis. Over
fifty NI C Series I/O modules can be added to any available slot of an NI cDAQ chassis to meet a variety of
application needs.

The Deployment Version of NI CAS Software supports three time-bases: high-speed engine-synchronous,
high-speed angular-window time domain and medium-speed time domain. The Deployment License includes
all of the analysis functions included in the Development Version of NI CAS Software toolkit except for
Next-Cycle control and FPGA based Engine Position Tracking (EPT) functions. Engine synchronous data
sampling must take place using optical shaft encoders mounted to the crankshaft.

© National Instruments. All rights reserved. 5
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License Version

Highlighted Features Development Deployment
¢ Open source example projects for integration with real-time control X
applications
¢ Next-cycle control capabilities X
e FPGA based high speed signal processing X
o Low-cost, feature rich, turnkey bundled system X

License Version

Measurement Configuration and Engine Geometry

Development

Deployment

¢ Individual channel scaling features
e Cylinder Assignment
e Gain

Gain + Offset

Polynomial

Table Lookup

X

X

e Channels can be assigned to all cylinders as references such as pegging X

¢ Simultaneous engine-synchronous and engine-asynchronous
measurements

e Medium Speed Data (Sampled at a fixed frequency ~1kHz or less)
e Thermocouples
e Slow Speed Pressures
e Other

e Supports FPGA Data (Sampled based on FPGA setup, engine
synchronous and/or asynchronous)

¢ Digital outputs for sample clock and active high during logging

e Supports multiple S Series devices for simultaneous sampling of signals X

in both engine-synchronous (cylinder pressure, etc.) and engine-
asynchronous (knock, etc.) domains

e Supports 1 M Series device for multiplexed sampling of signals engine-

synchronously (cylinder pressure, etc.)

© National Instruments. All rights reserved. 6
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e Supports 1 cDAQ chassis and multiple C Series devices for simultaneous X X
sampling of signals in both engine-synchronous (cylinder pressure, etc.)
and engine-asynchronous (knock, etc.) domains
Support for mapping calculated parameters to analog output channels X X
o Complete set of engine geometry inputs for cylinder volume calculation X X
o Optionally load volume from file
¢ Online motoring test assists with engine geometry verification X X
e TDC probe channel configuration and analysis X X
¢ Allows online adjustment of TDC index (< +/- 2 CAD) X X
License Version
FPGA Based Engine Position Tracking and Sample Clock Generation Development Deployment
o Use traditional optical encoder setup with advanced triggering options X
¢ Flexible crankshaft encoder signal processing and filtering X
o Use of pressure signal for 4-stroke cam phase information X
¢ Use of cam phase signal as half cycle gate for TDC index X
¢ Use of Engine Position Tracking (EPT) block for extrapolation of lower X

resolution production trigger wheels for high resolution sampling and

control
License Version
File Saving Development Deployment
e Supports simultaneous streaming of raw and summary data to TDMS file X X
continuously, by cycle count, time, or file size
¢ Raw data files include channel configuration, engine geometry, and test X X
data to allow full reconstruction of the test environment in post-processing
e Supports an external hardware trigger for file saving X X
e Saves all non-NI CAS Software related CalPoints, e.g., engine controls X

© National Instruments. All rights reserved.
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License Version

Pre-Processing Development Deployment
¢ Cylinder alignment of data in both engine-synchronous and engine- X X
asynchronous domains
e Data scaling to engineering units X X
¢ Broad range of signal filtering options X X
e Cylinder pressure pegging options X X
e Optional user developed LabVIEW VI X X

License Version

Pressure Metrics Development Deployment
e Peak Pressure and Location X X
o Polytropic coefficients of compression and expansion X X
e Maximum Rate of Pressure Rise and Location X X
e Pressures at IVO and EVC X X
e Gross IMEP, Pumping MEP (PMEP), Net IMEP X X

License Version

Heat Release Analysis

Development

Deployment

e Methods include
e Single Zone
Single Zone Dual Transducer (for pre-chamber engines)
Single Zone + Heat Transfer
Single Zone Dual Transducer + Heat Transfer
Modified Rassweiler and Withrow
Pressure Ratio
User developed LabVIEW™ VI

X

X

e Locations of Mass Fraction Burned (5%MFB, 25%MFB, 50%MFB,
75%MFB, 90%MFB, Custom)

e Maximum heat release rate and location

o Variety of heat transfer correction methods

© National Instruments. All rights reserved.
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¢ In-cylinder temperature estimation X X

License Version

Engine Noise and Knock Analysis Development Deployment
¢ Raw, time-domain-filtered and angle-domain-filtered noise indication X X
e Bandpass / Rectify / Integrate / Compare (BRIC) algorithm for knock X X

signal processing

e Visual FFT analysis of knock signals for calibration of BRIC X X

License Version

Additional Calculations and Analysis Development Deployment
¢ Injection parameters of timing, duration and quantity (mg/injection) X X
e Cycle to cycle injection quantity (mg/cycle) X X
¢ |gnition parameters of timing and dwell X X
o Multi-strike analysis X X
o Cam phase measurement X X
e Optional user developed LabVIEW VI X X

© National Instruments. All rights reserved. 9
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1.2 Data Flow

The Development Version of NI CAS Software example project employs the real-time data flow structure shown
below with an optional next-cycle control path. In the next-cycle control path, the DAQ alignment is stopped early to
allow selected calculations to complete before the subsequent cycle begins. The example application also provides
an estimated angle of completion of next-cycle calculations. The Deployment Version of NI CAS Software utilizes a
similar data flow structure, however, the data processing takes place within a Microsoft Windows operating system

and lacks next-cycle calculation capability.
Actuators ‘%

Online Display

Real-Time

Post Processing

Report

>
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2. Getting Started
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2.1 Recommended System Requirements

Note: System requirements will vary based on many factors including:

¢ Number of measurements

e Maximum sample rate

e Enabled real-time calculations

Development Version of NI CAS Software

Target System

Recommended Real-time System

PXI Chassis:

Controller:

FPGA:

C Series Hardware:

S Series DAQ:
M Series DAQ

SCXI Modules:

DAQ Accessories:

Host System

NI PXI-1050 PXI Chassis With Integrated SCXI--8 PXl1/4 SCXI
Slots

NI PXI-8119 RT 2.3 GHz Quad-Core PXI Controller With
LabVIEW Real-Time
80GB or Greater, 2.5 in SATA SSD

NI PXI-7853R R Series Multifunction RIO With Virtex-5 LX85
FPGA

e NI 9151 R Series Expansion Chassis for C Series 1/O
¢ NI 9411 6-Channel, 500ns, 5 to 24 V Digital Input Module
¢ NI SHC68-68-RDIO Digital Cable for R Series

2 to 4 NI PXI-6123 16-Bit, 500 kS/s/ch, Simultaneous Sampling
Multifunction DAQ

NI PXI-6251 16-Bit, 1 MS/s (Multichannel), 1.25MS/s (1-
Channel), 16 Analog Inputs

e 10r2 NISCXI-1102 32-Channel Thermocouple/Voltage
Input Module

1 or 2 NI SCXI-1102B 32-Channel Amplifier Module;
200Hz Bandwidth

2 to 4 NI BNC-2090A Shielded Rack-Mount BNC
Connector Block

2 to 4 SH68-68-EP (for S Series modules)

1 or 2 TC-2095 (for NI SCXI-1102)

1 or 2 BNC-2095 (for NI SCXI-1102B)

2 to 4 SH96-96 (for SCXI modules)

Recommended System

CPU:
0sS:

1.6 GHz Multi-Core or faster
Microsoft Windows 7/8

© National Instruments. All rights reserved.
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RAM: 4 GB or more
Hard Drive: 10 GB or more free space

Software: NI LabVIEW Professional Development System
NI LabVIEW Real-Time Module

NI LabVIEW FPGA Module

NI-DAQmMx

NI-RIO

NI LabVIEW FPGA Module Xilinx Tools

NI Software Calibration Management Toolkit for LabVIEW

Display resolution: =1920x1080

© National Instruments. All rights reserved. 13
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Deployment Version of NI CAS Software

Target System

Recommended cDAQ System

cDAQ Chassis: ¢ NI cDAQ-9139 NI CompactDAQ Stand-Alone Chassis,
Core i7 1.33 GHz, 8-slot

NI cDAQ-9174 NI CompactDAQ 4-Slot USB Chassis

NI cDAQ-9178 NI CompactDAQ 8-Slot USB Chassis

NI cDAQ-9184 NI CompactDAQ 4-Slot Ethernet Chassis
NI cDAQ-9188 NI CompactDAQ 8-Slot Ethernet Chassis

C Series Modules: See Supported C Series Modules

Host System for USB and Ethernet cDAQ Targets

Recommended System

CPU: 1.6 GHz Multi-core or faster

OsS: Microsoft Windows 7/8

RAM: 4 GB or more

Hard Drive: 10 GB or more free space

USB: 2.0 (for USB devices)

Software: e LabVIEW Runtime Engine
e NI-DAQmMx

¢ NI Software Calibration Management Toolkit for LabVIEW

Display resolution: =1920x1080

© National Instruments. All rights reserved. 14
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2.1.1 Supported C Series Modules

Data Type

Supported Modules

Encoder

NI 9401 8 Ch, 5 V/TTL High-Speed Bidirectional Digital /O Module
NI 9411 6-Channel, 500 ns, 5 to 24 V Digital Input Module
(Recommended)

High-speed Engine-
synchronous

NI 9215 4-Channel, 100 kS/s/ch, 16-bit, £10 V Analog Input Module

NI 9220* 16-Channel, 100 kS/s/ch, 16-Bit, +10 V Analog Input Module
NI 9222* 4-Channel, 500 kS/s, 16-Bit Simultaneous Analog Input
Module (Recommended)

NI 9223* 4-Channel, 1 MS/s, 16-Bit Simultaneous Analog Input Module

High-speed Engine-
asynchronous

NI 9215 4-Channel, 100 kS/s/ch, 16-bit, +10 V Analog Input Module

NI 9220* 16-Channel, 100 kS/s/ch, 16-Bit, £10 V Analog Input Module
NI 9222* 4-Channel, 500 kS/s, 16-Bit Simultaneous Analog Input
Module (Recommended)

NI 9223* 4-Channel, 1 MS/s, 16-Bit Simultaneous Analog Input Module

Medium Speed:

NI 9201 8-Ch, £10 V, 500 kS/s, 12-Bit Analog Input Module

NI 9203 8-Ch +20 mA, 200 kS/s, 16-Bit Analog Current Input Module
(Recommended)

NI 9205 32-Ch +200 mV to £10 V, 16-Bit, 250 kS/s Analog Input Module
(Recommended)

NI 9211 4-Channel, 14 S/s, 24-Bit, £80 mV Thermocouple Input Module
NI 9213 16-Channel Thermocouple Input Module (Recommended)

NI 9215 4-Channel, 100 kS/s/ch, 16-bit, £10 V Analog Input Module

NI 9220* 16-Channel, 100 kS/s/ch, 16-Bit, £10 V Analog Input Module
NI 9222* 4-Channel, 500 kS/s, 16-Bit Simultaneous Analog Input
Module

NI 9223* 4-Channel, 1 MS/s, 16-Bit Simultaneous Analog Input Module
NI 9401 8 Ch, 5 V/TTL High-Speed Bidirectional Digital /0O Module

NI 9402 4 Ch LVTTL High-Speed Digital /0O Module

NI 9411 6-Channel, 500 ns, £5 to 24 V Digital Input Module

Output:

NI 9263 4-Channel, 100 kS/s, 16-bit, £10 V, Analog Output Module

NI 9264 16-Channel Analog Output Module

NI 9265 4-Channel, 100 kS/s, 16-Bit, 0 to 20 mA Analog Output Module
(Recommended)

NI 9269 Channel-to-Channel Isolated 10 V Analog Output Module
(Recommended)

*If BNC connectivity is required, we recommend using L-com Item #BC55 or L-com ltem #BC25.

© National Instruments. All rights reserved.
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2.2 Hardware Configuration
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2.2.1 Development Version Hardware Setup

PXI Chassis Configuration

The PXI chassis should contain an NI PXI-785xR FPGA and one or more NI PXI-6123 S Series devices. The R
Series devices must be inserted into PXI slot number 2 (adjacent to the controller). The FPGA is used to track the
engine position and generate sample clocks. The FPGA should connect to a NI 9151 expansion chassis with a NI
9411 DI module for the encoder inputs.

S Series Accessory Configuration
The NI PXI-6123 S Series devices requires four wiring jumpers applied at each NI BNC-2090A accessory as shown

in the diagrams below. For the NI BNC-2090A accessory, NI recommends that 3" of 20AWG wire with ends stripped
by 0.25" should be used for each jumper.

NI PXI-6123 Accessory Terminals
Source Destination
PFI 03 PO O
PF1 04 PO 1
PF1 08 PO 2
PF1 09 PO 3
Optional User Input PO 4
Optional User Input PO 5
Optional User Input PO 6
Optional User Input PO 7

NI 9411 Digital Input Module Connections

When using the NI 9411 digital input module, the crankshaft optical encoder may be optionally powered by the
module. If the encoder is powered from the module, power (5 to 30 VDC) must be supplied to the Vgyp and COM

screw terminals of the module. Vg is internally reduced to +5V and available from the DSUB connector. The

encoder should be connected to the NI 9411 module according to the table below. Please note that the NI 9411
module inputs are optionally single-ended or differential pairs. Some optical encoders provide complimentary/
differential signal outputs which enable greater noise immunity when connected with differential digital inputs. The
table below shows the connections to be made for single-ended or differential operation. If single-ended operation is
required, then the “b” pin of each input should be left unconnected. Shielded cabling is recommended.

Encoder Signal NI 9411 DB15 Connector Pin

Encoder +5V (optional) Externally Supplied or NI 9411 Pin 4 (+5Vout)
Encoder Ground (optional) Externally Supplied or NI 9411 Pin 12 (COM)
Encoder Z (required) NI 9411 Pin 2 (P0.1+/PFI 1 (DI 1a))
Encoder Z Compliment (optional) NI 9411 Pin 10 (P0.1-/PFI 1 (DI 1b))
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Encoder A (required)

NI 9411 Pin 1 (P0.0+/PFI 0 (DI Oa))

Encoder A Compliment (optional)

NI 9411 Pin 9 (P0.0-/PFI 0 (DI Ob))

Encoder B (optional)

NI 9411 Pin 3 (P0.2+/PFI 2 (DI 2a))

Encoder B Compliment (optional)

NI 9411 Pin 11 (P0.2-/PFI 2 (DI 2b))

Expected Encoder Signals

The Deployment Version of NI CAS Software allows for a variety of encoders and triggering options by using the

Engine Position Tracking (EPT) FPGA cores to synchronize the DAQ sampling. The FPGA block accepts only the

encoder pattern. The encoder pattern consists of evenly spaced A and B pulses combined with a once per revolution

Z pulse.

An additional signal can optionally be used to determine the phase of a 4-stroke engine. This can be any signal that
has a unique pattern for the complete engine cycle, e.g., a cam pattern, cylinder pressure, spark, injector or similar.

The Development Version of NI CAS Software also has the ability to extrapolate low resolution encoder signals to

increase the sample resolution greater than the encoder resolution. Similarly, the encoder signal can be divided to

reduce the sample resolution.

Encoder B Encoder A

Encoder Z

© National Instruments. All rights reserved.
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2.2.2 Deployment Version Hardware Setup

cDAQ Chassis Configuration

NI cDAQ-9139 (Stand-alone)

The NI cDAQ-9139 must utilize a NI 9411 (recommended), NI 9401, or a NI 9402 digital input module for encoder
inputs. The Deployment Version of NI CAS Software is installed directly on the integrated NI cDAQ-9139 controller
Microsoft Windows OS. The user interface can be displayed on a monitor attached to the cDAQ or via remote
desktop over the network.

NI cDAQ-9174 / NI cDAQ-9178 (USB)

The NI cDAQ-9174 must have a NI 9411 (recommended), NI 9401, or a NI 9402 digital input module for encoder
inputs. The NI cDAQ-9178 may use the chassis trigger lines, a NI 9411 (recommended), a NI 9401, or a NI 9402
digital input module.

NI cDAQ-9184 / NI cDAQ-9188 (Ethernet)

The NI cDAQ-9184 must have a NI 9411 (recommended), NI 9401, or a NI 9402 digital input module for encoder
inputs. The NI cDAQ-9188 may use the chassis trigger lines, a NI 9411 (recommended), a NI 9402, or a NI 9411
digital input module.
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C Series Hardware

The Deployment Version of NI CAS Software requires a 4-slot (or greater) USB, Ethernet, or stand-alone cDAQ
chassis, an NI 9411 digital input module, and one or more analog input modules. The compatible C Series I/O
modules are listed in the Support C Series Modules page.

Connect and install the cDAQ hardware according the recommendations found at: http://www.ni.com/gettingstarted

Encoder Connections

NI 9411 Differential Digital Input Module (recommended)

For optimum signal integrity, NI recommends using the NI 9411 Differential Digital Input Module connected to an
optical encoder supporting complimentary outputs.

When using the NI 9411 digital input module, the crankshaft optical encoder may be optionally powered by the
module. If the encoder is powered from the module, power (5 to 30 VDC) must be supplied to the Vg, and COM

screw terminals of the module. Vg is internally reduced to +5V and available from the DSUB connector. The

encoder should be connected to the NI 9411 module according to the table below. Please note that the NI 9411
module inputs are optionally single-ended or differential pairs. Some optical encoders provide complimentary/
differential signal outputs which enable greater noise immunity when connected with differential digital inputs. The
table below shows the connections to be made for single-ended or differential operation. If single-ended operation is
required, then the “b” pin of each input should be left unconnected. Shielded cabling is recommended.

Encoder Signal NI 9411 DB15 Connector Pin

Encoder +5V (optional) Externally Supplied or NI 9411 Pin 4 (+5Vout)
Encoder Ground (optional) Externally Supplied or NI 9411 Pin 12 (COM)
Encoder Z (required) NI 9411 Pin 2 (PO.1+/PFI 1 (Dl 1a))

Encoder Z Compliment NI 9411 Pin 10 (P0.1-/PFI 1 (DI 1b))
(optional)

Encoder A (required) NI 9411 Pin 1 (P0.0+/PFI1 O (DI Oa))
Encoder A Compliment NI 9411 Pin 9 (P0.0-/PFI O (DI Ob))

(optional)
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NI 9401 Digital Input Module

When using the NI 9401 digital I/O module, the crankshaft optical encoder must be powered externally and a
ground reference from the encoder must be connected to a COM pin of the NI 9401 module. The encoder should be
connected to the NI-9401 module according to the table below. Shielded cabling is recommended.

Crankshaft optical encoder connections to the NI 9401 module

Encoder Signal NI 9401 DB25 Connector Pin
Encoder Ground (required) NI 9401 Pin 1 (COM)
Encoder Z (required) NI 9401 Pin 16 (P0O.1/PFI 1)
Encoder A (required) NI 9401 Pin 14 (P0.0/PFI 0)

NI 9402 Digital Input Module

When using the NI 9402 digital I/O module, the crankshaft optical encoder must be powered externally. The NI
9402 should be used when BNC connectors are desired. The encoder should be connected to the NI 9402 module
according to the table below.

Crankshaft optical encoder connections to the NI 9402 module

Encoder Signal NI 9402 BNC
Encoder Z (required) NI 9402 BNC2 (P0.1/PFI 1)
Encoder A (required) NI 9402 BNC1 (P0.0/PFI 0)

NI cDAQ-9178 Chassis

When using the NI cDAQ-9178 chassis external triggers, the crankshaft optical encoder must be externally powered.
The encoder should be connected to the NI cDAQ-9178 chassis according to the table below. Shielded cabling is
recommended.

Crankshaft optical encoder connections to the cDAQ-9178 chassis

Encoder Signal NI cDAQ-9178 Chassis BNC Connector
Encoder Z (required) cDAQ-9178 Trig 1
Encoder A (required) cDAQ-9178 Trig 0

Analog Input Module Connections

The analog instrumentation signals should be connected to the NI 9215, NI 9222, or NI 9223 analog inputs. The
BNC version of the NI 9215 is recommended for ease of connection. Shielded BNC cables are recommended.

Configuring cDAQ Chassis with NI Measurement and Automation Explorer
NI Measurements and Automation Explorer (MAX) should be used to discover or change the name of the DAQ

device and its physical channels. The names of the device and physical channels will be used on the measurement
configuration tab of the user interface.
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Ethernet cDAQ devices must be registered and reserved in MAX before they can be used with the Deployment
Version of NI CAS Software. To add a cDAQ chassis to a system, right click on "My System > Devices and Interfaces
> Network Devices" and select "Find Network NI-DAQmx Device". To reserve the cDAQ chassis on a system, right
click on the discovered cDAQ chassis and select "Reserve Chassis".

When using the DAQ device with the Deployment Version of NI CAS Software, only the terminals described above
should be used. In order to take full advantage of certain hardware features, the Deployment Version of NI CAS
Software makes programmatic internal connections. Connecting signals to other terminals or running other programs
which interact with the DAQ device may cause unexpected behavior.
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2.3 Software Configuration
For more information on the NI Combustion Analysis System Software for NI LabVIEW, please visit http://
Www.hi.com/powertrain-controls/.

To download the NI Combustion Analysis System Software for LabVIEW, visit http://www.ni.com/info and
enter the Info Code "CASSoftware".

After installing NI CAS Software, it will run for a 7 day full evaluation period. Any time during or after the
evaluation period, NI CAS Software may be activated using the NI License Manager found in the start
menu.
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2.3.1 Activating Your Software

Activating Your Software

This section describes how to use the NI Activation Wizard to activate your software.

How Do | Activate My Software?

Use the NI Activation Wizard to obtain an activation code for your software. You can launch the NI Activation Wizard
two ways:

* Launch the product and choose to activate your software from the list of options presented.
* Launch NI License Manager by selecting Start»All Programs»National Instruments»NI License
Manager. Click the Activate button in the toolbar.

Notes

¢ If your software is a part of a Volume License Agreement (VLA), contact your VLA administrator
for installation and activation instructions.
¢ NI software for Mac OS X and Linux operating systems does not require activation.

What is Activation?

Activation is the process of obtaining an activation code to enable your software to run on your computer. An
activation code is an alphanumeric string that verifies the software, version, and computer ID to enable features on
your computer. Activation codes are unique and are valid on only one computer.

What is the NI Activation Wizard?

The NI Activation Wizard is a part of NI License Manager that steps you through the process of enabling software to
run on your machine.

What Information Do | Need to Activate?

You need your product serial number, user name, and organization. The NI Activation Wizard determines the rest of
the information. Certain activation methods may require additional information for delivery. This information is used
only to activate your product. Complete disclosure of the National Instruments software licensing information privacy
policy is available at ni.com/activate/privacy. If you optionally choose to register your software, your information is
protected under the National Instruments privacy policy, available at ni.com/privacy.

How Do | Find My Product Serial Number?

Your serial number uniquely identifies your purchase of NI software. You can find your serial number on the
Certificate of Ownership included in your software kit. If your software kit does not include a Certificate of Ownership,
you can find your serial number on the product packing slip or on the shipping label.

If you have installed a previous version using your serial number, you can find the serial number by selecting the
Help»About menu item within the application or by selecting your product within NI License Manager (Start»All
Programs»National Instruments»NI License Manager). You can also contact your local National Instruments

branch.
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What is a Computer ID?

The computer ID contains unique information about your computer. National Instruments requires this information
to enable your software. You can find your computer ID through the NI Activation Wizard or by using NI License
Manager, as follows:

1. Launch NI License Manager by selecting Start»All Programs»National Instruments»NI License
Manager.
2. Click the Display Computer Information button in the toolbar.

For more information about product activation and licensing, refer to ni.com/activate.

How Can | Evaluate NI Software?

You can install and run most NI application software in evaluation mode. This mode lets you use a product with
certain limitations, such as reduced functionality or limited execution time. Refer to your product documentation for
specific information on the product’s evaluation mode.

Moving Software After Activation

To transfer your software to another computer, install and activate it on the second computer. You are not prohibited
from transferring your software from one computer to another and you do not need to contact or inform NI of the
transfer. Because activation codes are unique to each computer, you will need a new activation code. Refer to How
Do | Activate My Software? to acquire a new activation code and reactivate your software.

Deactivating a Product

To deactivate a product and return the product to the state it was in before you activated it, right- click the product in
the NI License Manager tree and select Deactivate. If the product was in evaluation mode before youactivated it, the
properties of the evaluation mode may not be restored.

Using Microsoft Windows Guest Accounts

NI License Manager does not support Microsoft Windows Guest accounts. You must log in to a non-Guest account
to run licensed NI application software.
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2.3.2 MAX Hardware Configuration
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2.2.2.1 Development Version MAX Hardware Configuration

Using NI Measurement and Automation Explorer (MAX), configure the PXI chassis and real-time controller. Set
the IP address to a desired static value. Install the current versions of NI LabVIEW Real-Time Module and the
NI-DAQmx Drivers along with any other desired software. Finally, make sure the PXI system controller and PXI
chassis are defined correctly in MAX, as shown in figures below MAX can also change the aliases (names) and
basic configurations of the DAQ devices if desired.

The user must take note of a few configuration settings in MAX in order to work with NI CAS Software. The DAQ
device aliases, as shown in the figures below, are used to identify the physical channels in the NI CAS Software
measurement setup. The DAQ device can be renamed by right clicking on the device and selecting the rename
option. Finally, the user must confirm that the PXI Trigger Lines are not reserved for other functions in MAX, as
shown in the figures below. They are automatically reserved as a part of the channel configuration within the NI CAS
Software.

Fie Edit View Tools Help
Configuration i | ks W Eh open VISA Test Panel &P show Help
2 &3 My System

-
= &) Remote Systems

lggfl  Chassie] P-1037)

Chaszis Slatus
Thiz chassis i propetly configuned

=i PX1 PXI System 8106)
gl 255 11051

* E RIO Davices
* ._y' Seria
7 44 Scales

+ E Saftware

Chassis Mumnber 1 %

.,

General | Stot View | Toggess |

PXI Chassis Identification configuration in MAX
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2.2.2.2 Deployment Version MAX Hardware Configuration

The user must take note of a few configuration settings in NI Measurement and Automation Explorer (MAX) in
order to work with the NI CAS Software. The DAQ device aliases, as shown below, are used to identify the physical
channels in the NI CAS Software measurement setup. The DAQ device can be renamed by right clicking on the
device and selecting the rename option.

=y 7 -f |

) My System - Measurement &

‘Eile Edit View Iools Help
Configuration ‘ &
159 My System,
8l Data Neighborhood

4 G Devices and Interfaces

National Instruments Measurement & Automation

+ 8 NIDAQ9172"DAQL _ _ Explorer
# 1:NI19268 "cDAQIMod1™ Y
42 NIND;’HJEQIMnBEr Measurement & Automation Explorer (MAX) provides access to your National

@ 3: N13263 "cDAQIMod3" Instruments products

€1, 4: NI19215 (BNC) "cDAQIMod4”
i), 5 NI9411 "cDAQIMod5" What do you want to do?

4 9 NIcDAQ-9174 "cDAQ2" @ Manage my devices and interfaces
# 1:NI9411 "cDAQ2Modl”
@ 2: NI19215 (BNC) "cDAQ2Mod2"
# 3: NI19215 (BNC) "cDAQ2Mod3"

i

&) Manage my installed National Instruments software

B Manage virtual channels or tasks for my devices

# 4:NI9201 "cDAQ2Modd” 44 Create scales for myviftual instruments
4. Network Devices v ] Configure my IV instrument drivers
FX1 PX System (Unidentified) % Import/export my device configuration file
Y Serial & Parallel
44 Scales @
5| Software Note Some categories are device specific. For example, the IVl category
i M Drivers appears only if you have [Vl installed. o

€ Remote Systems =
? Heo
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2.3.3 Development Version Example
Project and System Integration

The Development Version of NI CAS Software can be run as a stand alone application using the NI CAS Software
example application. The following steps are required to run the NI CAS Software example.

ook

~

. Open the CAS example project. From LabVIEW, select Help > Find Examples. Search for "Combustion

Analysis"
Update the PXI target IP address for the user's PXI target. Right click on the PXl icon in the project and select
"Properties"

. Confirm or update the expansion chassis, C Series modules, and FPGA I/O in "CAS FPGA.vi" to match the

user's hardware.

Open and compile "CAS FPGA.vi" in the FPGA target.

Open "CAS Target.vi" in the PXI target.

Run "SCM Init" by double clicking on the icon on the block diagram of "CAS Target.vi". It is the right most block

diagram item.

Run "CAS Target.vi".

Launch NI SCM Console and point it to the PXI target IP address, "CAS Host.vi", and "CAS Host.par". The host
files are located with the project in the examples folder. For more information on the SCM Console, please see

the SCM user's manual.

Integrating Development Version Into An Engine Control Application

The Development Version of NI CAS Software can run as a stand alone application or as part of a larger project. A
single PXI chassis can run both an engine controller and combustion analysis. Integrating the two systems into a
single platform allows lowered equipment costs in addition to providing closed loop feedback to the engine controller.
The following steps are required to integrate the Development Version of NI CAS Software into an engine control
application.

First, open the CAS example project. From LabVIEW, select Help > Find Examples. Search for "CAS".

FPGA

1.
. Copy the single cycle loop from the CAS PXI\FPGA to the engine control FPGA.
. Copy "CAS Data" and "CAS Encoder Debug" FIFOs from the CAS PXI\FPGA target to the engine control FPGA

o~ WN

Open "CAS FPGA.vi" under the CAS PXI\FPGA target.

target.
Copy the PXI folder containing TRIGO-7 from the CAS PXI\FPGA target to the engine control FPGA target.
Make sure the encoder signals are connected to the appropriate sources.

. Compile the engine control FPGA VI.

Real-Time

e

Open "CAS Target.vi" under the PXI target.

Copy the contents of "CAS Target.vi" into your engine control target VI.

Remove the SCM Init VI and FPGA Open Reference function copied from the CAS example.

Connect the the SCM Init VI and FPGA Open Reference function from your engine control application to the
copied CAS code.
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Note: The FPGA reference must be set to "Dynamic mode"
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2.4 Performance
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2.4.1 Development Version Performance Overview

The performance of the system depends on many factors including:

PXI Controller Speed, Ram, & OS (Microsoft Windows or Real-Time)
DAQ Hardware Limitations (Sampling Rate, Response Times)
Engine Speed

Cylinder/Measurement Count

Asynchronous Sampling Rate

Medium Speed Data (Number of Channels and Sample Rate)
FPGA Data (Number of Channels and Sample Rate)

Encoder Resolution

Calculation Parameters

HDD Throughput

User Calculations
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2.4.1.1 S Series Hardware

One of the key items limiting the maximum engine speed is the DAQ hardware. There are two cases where the
DAQ hardware may limit the maximum engine speed. The first is the case where the DAQ equipment has a large
sample rate but the encoder resolution is high. For example, a 500kS/s/ch DAQ device is limited to ~8333RPM
with a 3600ppr encoder. The second case is where the DAQ hardware has a small sample rate. For example, a
multiplexed sampling device at 1MS/s divided among 16 channels has a 62.5kS/s/ch sampling rate.
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|\ \ —+— 1000 kS/s/ch

— 45000 Y e -=-500 kS/s/ch
= 40000
£ NN -+ 250 kS/s/ch
= 35000 T\ N —100 kS/s/ch
‘% zgggg "\ < —— 50 kS/s/ch
£ 20000 \\ N A ~
E 15000 +— ~__
S 10000 e —a

5000 P e ———

0 T T T T T T T

0 500 1000 1500 2000 2500 3000 3500 4000
Encoder Resolution [ppr]

The data above was calculated using the following equation:

_ 60,000 * SR
ER

MS

Where:
MS = Maximum Speed [RPM]
SR = Sample Rate [kS/s/ch]
ER = Encoder Resolution [ppr]
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2.4.1.2 HDD

Streaming data to the disk requires that the speed of the hard drive is fast enough to keep up with the data waiting
to write to it. Disk access is typically between 10MB/s and 70MB/s. However, due to seek times and writing header
information, the actual speed at which the system can stream data to disk may be slower. The throughput of a
specific HDD is dependent on many factors including the type of hard drive and the system that it is installed in. The
NI CAS Software will buffer data in the RAM if the disk is not fast enough to stream all the data to disk. However, the
buffers have limited space and cannot sustain continuous streaming if the disk is not fast enough.
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The data above was calculated using the following equation:

60,000,000 *DS
SR*32/8

MS

Where:
MS = Maximum Speed [RPM]
SR = Sample per Rotation []
DS = Disk Speed [MB/s]
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2.4.2 Deployment Version Performance Overview

CPU speed

RAM size and speed

Hard drive speed

Operating system and additional running applications

DAQ hardware limitations (sampling rate, response times)
Medium Speed Data (Number of Channels and Sample Rate)
Engine speed

Encoder resolution

Cylinder and measurement channel count

Calculation configurations
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2.4.2.1 cDAQ Hardware

The figure below shows the cDAQ hardware limitations. The cDAQ system uses simultaneous sampling device.
Therefore, the DAQ hardware limitations are constant for any number of cylinders.
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The following formula can be used to estimate the performance of a simultaneous DAQ hardware device.

~ 60,000* MSR

Speed
? ER

Where:
Speed = Maximum Engine Speed [rpm]
MSR = Maximum Sample Rate of DAQ device (kS/s)
ER = Encoder Resolution [ppr]
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2.4.2.2 Nl cDAQ-1939 Benchmark

The NI cDAQ-1939 was tested under a variety of conditions in order to demonstrate the capabilities of the system
while running. Each test condition was evaluated on the maximum engine speed where the system could calculate
all the results without loosing data for the real-time calculation and where the system could no longer write all
incoming data to disk. The maximum speed of the test engine was 8000 RPM. Therefore, the test results showing an
8000 RPM limit will probably be able to reach higher engine speeds.

NI cDAQ-1939

Cylinder Count 4 4 4 4 4 4
Encoder Resolution [ppr] 360 360 1800 1800 3600 3600

Strokes 4 4 4 4 4 4

Manifold Pegging X X X X X X

Mean Effective Pressure X X X X X X

Single Zone Heat Release X X X X X X

Knock Sensors 100 kS/s 0 2 0 2 0 2

Medium Speed Channels 10 S/s 0 20 0 20 0 20
Max Speed RT Processing [RPM]| 8000 8000 8000 8000 5500 5000
Max Raw File Speed [RPM] 8000 8000* 8000 8000* 8000 6000*

NI cDAQ-1939

Cylinder Count 8 8 8 8 8 8
Encoder Resolution [ppr] 360 360 1800 1800 3600 3600

Strokes 4 4 4 4 4 4

Manifold Pegging X X X X X X

Mean Effective Pressure X X X X X X

Single Zone Heat Release X X X X X X

Knock Sensors 100 kS/s 0 4 0 4 0 4

Medium Speed Channels 10 S/s 0 20 0 20 0 20
Max Speed RT Processing [RPM] 8000 8000 5500 4000 3000 2500
Max Raw File Speed [RPM] 8000 8000* 8000 8000* 6000 6000*

*Performance Optimization Settings Adjusted
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3. NI CAS Software Interface

The NI CAS Software Host VI is the top level VI. It contains links to all of the NI CAS Software built in screens and
provides the user with a starting place. This host always remains on top of other NI CAS Software hosts.

Pt

-

o CAS Host [EEE] =5 )

File Operate Calibration Snapshot

o CASRunTmeHost == % ]
[ File Operate Calibration Snapshat
NATIONAL ' Getti
Winstromenrs 2| © | S0
D B omne ] [

Project

Engine Geometry

Encoder

Calculations

System Optimization

. Sample Rates

Sync Analog Channels

Async Analog Channels

Medium Speed Channels

| Analog Output Channels

Wikstromeers | 2| ©| S5
> e |

Project
Engine Geometry
Encoder
Calculations
| MNext-Cycle Calculations
| System Optimization

| Sample Rates

3 Sync Analog Channels
Sync Digital Channels
Async Analog Channels

| Async Digital Channels

_: Medium Speed Channels
- | FPGA Stream
- | Analog Output Channels

Deployment

Development

1. Information and controls that are always available. The user can switch between the setup and running modes,
open this help documentation or see if any error conditions exist. There may also be menu items available for
saving and loading calibrations and other useful functions.

2. Selection of different configurations and results groups.
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3. SubHost list containing all the available NI CAS Software sub-hosts. Double clicking a name opens it if it is
closed (normal) or closes it if open (bold). A single click on an open (bold) name brings it to the front.
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3.1 Offline
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3.1.1 General Setup
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3.1.1.1 Project Setup

The project setup options must be configured in the offline mode. Information entered here will help identify
calibration files once loaded. Internal software simulation is also enabled in this window.

L=l =] 5

s Project Setup

Engine GM1.9L Diesel

Project Demo

Operator | M

Simulation | Disabled :*'Settings

0 |

(== |

Engine Specifies the name or description of the engine.
Operator Specifies the engine operator.

Project Specifies the current test project.

Simulation Enables a simulation that doesn't require hardware.
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3.1.1.2 Engine Geometry Setup

The engine geometry setup must be configured in the offline mode. Information entered should be specific to the
engine and test setup as it affects all of the calculations results.

we Engine Geometry Setup =t L EE
Head Area 100 [3] Cylinder Count
Clearance Volume | 0.0289331 [liter] — =y 4
A - - - - - - ————
Displacement Volume | 0.477404 [liter] ———{_| Cylinder TDC
== B [DATDC]
Yolume File Enable | Calculations Crown Area 100 [[%] 0 1
= oL
540 2
150 3
0.0904 —
Stroke [m] 360 1
CR CALG
Compression Ratio | 17.5 '“__:
Bore 0.082 [m]
Pin Offset| 0 [r]
Connecting Rod Length | 01454 [[m]
Rotations Per Cycle 2
Intake Valve Open | -360 | [DATDC]
Intake Valve Close | -180 [[DATDC]
Exhaust Valve Open | 180 |[DATDC]
Exhaust Valve Close 360 | [DATDC) [ ﬂ |

Bore
Clearance Volume

Compression Ratio

Connecting Rod Length
Crown Area

Cylinder Count
Cylinder TDC

Specifies the cylinder bore.

Specifies the clearance volume of the cylinder. [Compression Ratio = (Displacement
Volume + Clearance Volume) / Clearance Volume]

Indicates the calculated compression ratio. [Compression Ratio = (Displacement
Volume + Clearance Volume) / Clearance Volume]

Specifies the connecting rod length.

Specifies the piston crown surface area relative to the bore area

Defines the number of cylinders in the engine.

Defines the cylinder Top Dead Center offsets relative to the absolute encoder offset.

© National Instruments. All rights reserved.

44



Displacement Volume

Exhaust Valve Close
Exhaust Valve Open
Head Area

Intake Valve Close
Intake Valve Open
Pin Offset
Rotations Per Cycle
Stroke

Volume File Enable
Volume File Path
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Indicates the calculated displacement volume. [Compression Ratio = (Displacement
Volume + Clearance Volume) / Clearance Volume]

Specifies the nominal exhaust valve closing angle.
Specifies the nominal exhaust valve opening angle.
Specifies the cylinder head surface area relative to the bore area.

Specifies the nominal intake valve closing angle.

Specifies the nominal intake valve opening angle.

Specifies the pin offset.

Defines the number of rotations per cycle. (2-Stroke = 1; 4-Stroke = 2)
Specifies the piston stroke. (Stroke = 2 * Crank Radius)

Enables use of use of a volume file instead of using the volume calculations.
Specifies the volume file to use instead of the calculations.
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The encoder setup must be configured in the offline mode. Information entered should be specific to the engine and
test setup as it affects all of the calculations results.

User's Manual

#

Check Encoder ‘

Measured Sample Resolution 360

Measured Cycle Resolution | 720

¢ Encoder Setup | =B & == Encoder Setup
Phaze  Random Z = | Encoder Setup Error Encoder Resolution 360 |[ppr] Phase Random Z
Encoder Setup | A Rising Edge b Random Z Phaze|+0 [=|[CAD Encoder Setup A Rising E
Digital Filter 05 [us]
Encoder Extrap Level | 2 EncZ |
Encoder Divide 4
Ereh | |
TDC Offset | 0 |[CAD]
Mlax Speed-ﬂlﬂﬂﬂ {RPM] Extrap 2 | |
Actual TDC Offet| 0 [CAD]
: 1 Extrap /4 |
Sample Rezolution | 360 | [ppr]
Cycle Resolution 720 | [ppc]
DI0 Module
Disable FPGA [ NoFPGA |  cDAQI-Mods EPT Sim Enable | Engine Disable FPGA FPGA
| | ENCZ
-— ik

I
Check Encoder ‘

Actual TDC Offset
Check Encoder

Cycle Resolution
Digital Filter

Deployment

Indicates the actual top dead center offset used by the engine position tracking

system.

Updates the encoder debug scope. (Note: Encoder must rotate at least 4 times for
the scope to update once the button is pressed)

Indicates the calculated cycle resolution.
Defines the digital glitch filter used by the engine position tracking system.
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Encoder Divide

Encoder Setup Error
Encoder Extrap Level

Encoder Resolution
Encoder Setup
EPT Sim Enable
Max Speed

Measured Sample
Resolution

Measured Cycle Resolution
Disable FPGA

Phase

Random Z Phase
Sample Resolution
TDC Offset

cDAQ DIO Module
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Indicates whether the 'Measured Sample Resolution' and 'Measure Cycle Resolution'
values match the 'Sample Resolution' and 'Cycle Resolution' values, respectively.

Specifies the level to divide the extrapolated resolution by in order to determine the
final sample resolution (Not all combinations of encoder resolution, extrapolation
level, and encoder divide are valid.)

Indicates an error in the engine position tracking configuration.

Specifies the level of encoder extrapolation used in the engine position tracking
system. (2 valid)

Specifies the encoder resolution as it is seen by the engine position tracking.
Determines which encoder events are used by the engine position tracking system.
Enables EPT simulation of the engine encoder signals for offline testing.

Specifies the maximum speed of the engine.

Displays the number of edges counted for one encoder rotation.

Displays the number of edges counted for one engine cycle.

Specifies if the system is configured for acquiring data without an FPGA engine
position tracking system.

Determines the method of preprocessing the encoder signal to pass only a single
index pulse per cycle to the engine position tracking system.

Defines which cycle to use when using a random z.
Indicates the calculated sample resolution based on the encoder settings.

Specifies the global TDC offset. It is commonly used to easily adjust for changes in
the encoder without needing to change each cylinder TDC.

Specifies the encoder index signal name when using the Deployment Version of NI
CAS Software and a cDAQ chassis.
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3.1.1.4 Calculations

In setup mode, the user can enable or disable different groups of calculations to perform real-time calculations on
the target. Each group of calculations has its own settings and results. Enabling calculation groups will increase the
processor usage depending on the complexity of the calculations.

Note: Some calculations require results from another calculation group in order to work, i.e., heat release models
including heat transfer simulation require the 'Gas Temp' calculation to be enabled.

= 52|

s (Calculations

Dizabled |User Process

Basic
Motoring

Gas Temp
Injector

Heat Release
Moise

Misfire

Cam

Pump
nabiea P

Knock
Medium Speed
User Calculations Q
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3.1.1.5 Next-Cycle Calculations

In setup mode, the user can enable or disable different groups of calculations to perform next-cycle calculations on
the target. Each group of calculations has its own settings and results. Enabling calculation groups will increase the
processor usage depending on the complexity of the calculations and increase the time required to provide next-
cycle results.

Note: Some calculations require results from another calculation group in order to work, i.e., heat release models
including heat transfer simulation require the 'Gas Temp' calculation to be enabled.

v Mext-Cycle Caleulations | =2 —E§_|

Mext-Cycle Enable

Mext-Cycle Cutoff 80  [CAD]

Dizabled |User Process

Enabled |Basic

Disabled |MEP
Enabled Maotaoring

Gas Temp

Disabled |Injector
Enabled |Heat Release

Muoise
Mi=fire

Cam

Disabled
| Disabled
Disabled
Disabled
Disabled

Dizabled
Disabled
Disabled |Medium Speed

Disabled |FPGA Q|

| Disabled |User Calculations —J

Pump
P

Knock

Spark

*Only available with the Development License.
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3.1.1.6 System Optimization

The performance dialog allow users to tune some of the NI CAS Software behavior with their system and setup. The
current settings should work well for most configurations.

Target

Rolling Stats Size
Buffer Size
Pre-Triggered Size
Trigger Size

Waveform Refresh Rate
Statistics Refresh Rate

Host

Start Delay
Plot Period
Table Period
Trend Period
Knock Period

s Syctam Optimization l =1 |#3-J ]
Target
Rolling Stats Size | 100
Buffer Size | 1 [5]
Pre-Triggered Size 10 [Cycles]
Trigger Size ! 10 [Cycles]
Waveform Refresh Rate ! 100 [ms]
Statistics Refresh Rate 100 [ms]
Host
Start Delay | 1000 | [ms]
Plot Period | 100 [ms]
Table Period | 100 [ms]
Trend Period | 1000 |[ms]
Knock Period | 1000 |[ms] [ ﬂ '

Configures the rolling statistics buffers used in trends and tables.
Determines the desired length of the alignment and raw file buffers.

Determines the number of cycles the raw system will maintain before a start file event.

Determines the number of cycles to save to a raw file at a time to improve disk
performance.

Configures the maximum update rate of plot data.
Configures the maximum update rate of statistical data.

Delays the start of Host VI execution to allow initialization.

Determines the maximum update rate of plot.

Determines the maximum update rate of tables.

Determines the maximum update rate of trends.

Determines the maximum update rate of the knock configuration display.
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3.1.2 10 Hardware Setup
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3.1.2.1 Sample Rates Setup

The sample rates setup must be configured in the offline mode. Information entered should be specific to the data
acquisition hardware used as invalid inputs will cause DAQ errors.

s>+ Sample Rates Setup

Max Sync Rate| 500 |[kS/s]
Async Rate | 100 |[kS/s]
Medium Speed Rate 10 [5/5]

| PE——

g
=X |

A

Async Rate Specifies the sample rate of the asynchronous data.
Max Sync Rate Specifies the maximum sample rate of the synchronous measurement DAQ device.
Medium Speed Rate Specifies the sample rate of the medium speed DAQ.
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The engine synchronous measurement setup is used to define all the physical channels. These measurements are
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3.1.2.2 Sync Analog Channels Setup

sampled at even crank angle increments with respect to the engine.

User's Manual

== Sync Analog Channels Setup = &2
Mame Physical Channel | Disabled | Type
MName
CylP 2 cDAQL-Mod5/ail Cylinder Pressure - [kPa] CylP1 o1
CylP 3 cDAQL-Mod5/ai2 Cylinder Pressure - [kPa] 02
fai i i 03
CylP4 cDAQL-Mod5/ai3 Cylinder Pressure - [kPa] Physical Channel
. - 04
MAP cDAQL-Modé/ail Manifold Absolute Pressure - [kP cDAQL-Mod5/ai0 [~] 05
Rail Pressure cDAQL-Modé/ail Fuel Rail Pressure - [MPa] 2 - 0= Nong - ,H®
Spark1 cDAGQL-Moda/ ai2 Spark Cylinder Pressure - [kPa] |Z| Fitter ID| 1 '%’Settings E o
Injector1 cDAQL-Mod6/ai3 Injector e ! |09
Add / Insert Units Terminal Configuration 10
11
e kPa default (=] u
A 13
I Secaling Raw Hardware Input Limitations 14
Gain Only [=] o Min 10 |Max 1
- ©

1. Summary of all defined measurements.
2. Controls for manipulating the list of measurements.
3. Detailed setup of the selected measurement.

Cylinder
Disable
Filter
Gain

Max

Min

Name

Offset

Physical Channel

Polynomial
Coefficients

Scaling
Table X
Table Y

Cylinders associated with each measurement in a bitfield.
Disables data acquisition and calculations associated with each measurement.
Filter resource number associated with each measurement. (0 = No Filter)

Gain associated with each measurement when using the gain only or gain and offset scaling

methods.
Maximum channel voltage range associated with each measurement.

Minimum channel voltage range associated with each measurement.
Name or description associated with each measurement.

Offset associated with each measurement when using the gain and offset scaling method.

Physical channel associated with each measurement.

Polynomial Coefficients associated with each measurement when using the polynomial
scaling method.

Scaling method associated with each measurement.
Table X array associated with each measurement when using the table scaling method.
Table Y array associated with each measurement when using the table scaling method.
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Terminal Configuration Terminal Configuration array associated with each measurement.
Type Measurement Type associated with each measurement.
Units Units associated with each measurement.
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3.1.2.3 Sync Digital Channels Setup

The engine synchronous digital measurement setup is used to define hardware timed digital 10 associated with the

engine synchronous analog inputs. These measurements are sampled at even crank angle increments with respect

to the engine.

= Sync Digital Channels Setup |¢
Name Type Mame
TDC Undefined Dl 4
Data Undefined 4
Reduce Resolution Undefined | Type :
Reserved Undefined Undefined IE'
L = B
DI5 Undefined —gé
DlG Undefined | pa Inverted
) Undefined L'l 05
DIg Undefined < [
DI9 Undefined = : 08
DI10 Undefined =09
DI Undefined =11 2
DIi2 Undefined (s
DI13 Undefined —ﬁ
DI14 Undefined 15
DI15 Undefined 16 @
1. Summary of all defined measurements.
2. Detailed setup of the selected measurement.
Cylinder Cylinders associated with each measurement in a bitfield.
Inverted Invert the digital signals associated with each measurement.
Name Name associated with each measurement.
Type Measurement Type associated with each measurement.

*Only available with the Development License.
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3.1.2.4 Async Analog Channels Setup

The time-based asynchronous measurement setup is used to define all the physical channels. These measurements
are sampled at a fixed frequency.

wi Asyne Analog Channels Setup

Mame Physical Channel | Disabled | Type -
MName
Knock Sensor1 [v]o1
;",E!ﬂz
Physical Channel !
cDAQL-Mod7/2i0 [+] | Disable |
2 Type 0 = Nongj . : o
Acoustic |Z| FilterID | 0 Q‘Settings | E
|Add £ Insert | Units Terminal Cenfiguration
1 | Delete | default |Z|
Sealing Raw Hardware Input Limitations
Gain Only [=] o Min |10 Mas ,
| Maove Up -
|Mcrve Down | 1 Gain

1. Summary of all defined measurements.
2. Controls for manipulating the list of measurements.
3. Detailed setup of the selected measurement.

Cylinder
Disable
Filter
Gain

Max

Min

Name

Offset

Physical Channel

Polynomial
Coefficients

Scaling
Table X
Table Y

Cylinders associated with each measurement in a bitfield.
Disables data acquisition and calculations associated with each measurement.
Filter resource number associated with each measurement. (0 = No Filter)

Gain associated with each measurement when using the gain only or gain and offset scaling

methods.
Maximum channel voltage range associated with each measurement.

Minimum channel voltage range associated with each measurement.
Name or description associated with each measurement.

Offset associated with each measurement when using the gain and offset scaling method.

Physical channel associated with each measurement.

Polynomial Coefficients associated with each measurement when using the polynomial
scaling method.

Scaling method associated with each measurement.
Table X array associated with each measurement when using the table scaling method.
Table Y array associated with each measurement when using the table scaling method.
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Terminal Configuration Terminal Configuration array associated with each measurement.
Type Measurement Type associated with each measurement.
Units Units associated with each measurement.
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The time-based asynchronous digital measurement setup is used to define hardware timed digital IO associated with

the asynchronous analog inputs. These measurements are sampled at a fixed frequency.

s Azync Digital Channels Setup |':' E_E_
Name Type Mame
TDC Undefined :D.Id
Data Undefined |
Feduce Resolution Undefined | Type : :
Reserved Undefined UndEmed Iz‘
L L = I
DI5 Undefined -gg
Dig Undefined j 04 Inverted
DI7 Undefined jos | FEEE:\
DIB Undefined P
Ci9 Undefined = o8
DI10 Undefined E_'Eg
DI11 Undefined 31 2
DI12 Undefined Fl12
DI13 Undefined —ﬁ
DI14 Undefined 15 ]
DI15 Undefined 16 @
1. Summary of all defined measurements.
2. Detailed setup of the selected measurement.
Cylinder Cylinders associated with each measurement in a bitfield.
Inverted Invert the digital signals associated with each measurement.
Name Name associated with each measurement.
Type Measurement Type associated with each measurement.

*Only available with the Development License.
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3.1.2.6 Medium Speed Channels Setup

The time-based medium speed measurement setup is used to define all the physical channels. Medium speed are
intended for sampling test cell and other auxiliary signals. These measurements are sampled at a fixed frequency.

ior Medium Speed Channels Setup | = d&]
Physical Channel | Disabled | Type
Enabled Mame

ain = Cycle Average | | Dyno Speed
Intake Temperature | cDAQL-Mod8/ai2| Thermocouple and Stats

Physical Channel
2 cDAGL-Mods/ail [=] [ Disable | FilterCutoff 0  |iHz]

Units

Terminal Configuration

3 C, F K Rare 2 ;
Add / Insert RPM v Fo =
| / Inse | P Differential D
A | Delete ‘ thermocouples
I Scaling Raw Hardware Input Limitations
|m| V - Gain & Offset tl Q Min |10 Max

|I‘v10ve Down] 1000 Gain

0 Offset 3

File Save Trigger

Save Trigger Threshold
1
Save Trigger Direction

Rising E

. Summary of all defined measurements.

. Controls for manipulating the list of measurements. Enable/Disable engine cycle averages and statistic
calculations.

3. Detailed setup of the selected measurement.

N —

CJC Channel Cold junction compensation channel associated with each measurement when using a
channel cold junction compensation source.

CJC Source Cold junction compensation source associated with each measurement.

CJC Value Cold junction compensation value associated with each measurement when using a constant
cold junction compensation source.

Disable Disables data acquisition and calculations associated with each measurement.

Filter Cutoff Knock Threshold for Each Cylinder

Gain Gain associated with each measurement.

Max Maximum voltage, current, or temperature associated with each measurement.

Min Minimum voltage, current, or temperature associated with each measurement.

Name Name or description associated with each measurement.

Offset Offset associated with each measurement.

Physical Channel Physical channel associated with each measurement.
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Save Trigger Enables the channel to be used to trigger the start of a file save. Each index is associated
with each measurement.

Scaling Scaling method associated with each measurement.

Terminal Terminal configuration associated with each measurement.

Configuration

Thermocouple Type Thermocouple type associated with each measurement.

Units Units associated with each measurement.
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The FPGA setup is used to define data streamed from the FPGA. The measurements are defined in the FPGA when
using an FPGA with the Development Version of NI CAS Software. Defining them in the FPGA setup allows the
Development Version of NI CAS Software to calculate cycle averages and statistics for the display and summary

files.

s - FPGA Stream Setup

e

S |

Mame

1D

Injector Timing

-

| Disabled

Cycle Average
and Stats

| Add / Insert
| Delete

Mowve Up
Mowve Down

2

—
L ———

MName

| Injector Duration

]
d2

Units
Gain
15

Offset

11 3

1. Summary of all defined measurements.

2. Controls for manipulating the list of measurements. Enable/Disable engine cycle averages and statistic

calculations.

3. Detailed setup of the selected measurement.

Gain Gain associated with each measurement.

ID ID associated with each FPGA measurement.

Name Name or description associated with each measurement.
Offset Offset associated with each measurement.

Units Units associated with each measurement.

*Only available with the Development Version of NI CAS Software
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3.1.2.8 Analog Output Channels Setup

The analog output setup defines analog outputs channels. These channels link to calculated results in NI CAS
Software based on name. The recent names contain a list of available results from the last time the system ran.

i« Analog Cutput Channels Setup

Name

Peak Pressure Pa abs| cDAQL-Mod3/aol .

Physical Channel | Disabled | Type

Maximum

Speed [RPM]

cDAQL-Med3/and Average

Met Mean Effective Pre| cDAQL-Mod3/ao3

Coefficient of vanation

Mame
50% Mass Fraction Burned [CAD]

Recent Mame
MNet Mean E‘

| Load Recent Mame |

S

Add [/ Insert

Delete

'

Move Up

{

Mowve Down

|~
©

Physical Channel
cDAQL-Mod3/anl

'~ | Disable

Type ]

Yalue E‘

10 Gain 10 Max 3
0 Offset -10 Min

AQ Type

Voltage E‘ 1 Cylinder

1. Summary of all defined outputs.
2. Controls for manipulating the list of outputs.
3. Detailed setup of the selected outputs.

AO Type
Cylinder

Disable

Gain

Max

Min

Name

Offset

Physical Channel
Type

Analog output type associate with the measurement.
Cylinder associated with each measurement.

Disables data acquisition and calculations associated with each measurement.

Gain associated with each measurement.

Maximum voltage range associate with the measurement.

Minimum voltage range associate with the measurement.

Name or description associated with each measurement.

Offset associated with each measurement.

Physical channel associated with each measurement.
Measurement Type associated with each measurement.
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3.2 Online
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3.2.1 Settings
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3.2.1.1 Motoring and TDC Offset Settings

The Motoring / TDC Offset window is a tool to assist the user in correctly phasing sampled engine-synchronous
data with calculated volume data. In general, this window should only be utilized while the engine is 'motoring,' or
spinning without firing. Several methods for finding the TDC Offset include positioning the peak pressure with the
use of a thermodynamic loss angle, positioning a TDC probe signal, and manual input.

== Motoring and TDC Offset Settings = 2
. Detailed PV Lo
Reference Cylinder 9
-I 7] Intake m 10000 -
¥ | Compression
Peak Pressure Peak Pressure Location p, -
/| Expansion m —
4633.57 |[kPa] 041 |[CAD] A
/| Bxhaust m =
’) TDC Probe Location 7 PolvC - E
4 NaN  |[cAD] d .
| PolyE m 5
IMEP COV of IMEP 2 100-
-37.0461 [kPa] -0.0044, [3] 6 &
Polytropic Coefficient Thresholds
131 |polyClow 136 |PolyC High 0%32_3'9335 e e
1.35364 PolyC ) Out of Range mﬂﬂ Yolume - [liter]
‘3 1.33 PolyE Low 14 PolyE High Cylinder Pressure
‘ .
1.35099 | PolyE ) Out of Range J| cylinder1 NG
Avg
-0.5 dPoly Low 0.5 dPoly High
0.00265 | dPoly J Out of Range 'Ié‘ 3
. E: 5
TDC Offset Reference  TDC Fine Adjust % at'
Peak Pressure El 0 [CAD g g-
'4LossAng|e Set TDC Offset 7 g -
05 |[cap] | ok |
Calc TDC Offset TDC Offset Change | \
4400 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
C 109 [CAD] 009 [CAD] 5-45-4-35-3-25-2-15105005115 2253354455
D) Actual TDC Offset S+ Crank Angle - [CAD] S
1 [CAD] | {"‘- |
1. Selection of the reference cylinder to be used for calculating a TDC Offset.
2. Relevant motoring values based on the statistical mean.
3. Calculated polytropic coefficients for reference.
4. New TDC Offset settings using Peak Pressure or a TDC Probe.
5. Current and calculated TDC Offset values.
6. Detailed P-V diagram, including the calculated compression and expansion polytropic coefficient lines.
7. Plot of cylinder pressure and TDC probe (if selected) vs. engine position.
Actual TDC Offset Indicates the actual top dead center offset used by the engine position tracking system.
Calc TDC Offset Indicates the calculated (new) TDC offset based on the TDC Offset reference and

associated parameters.
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COV of IMEP
dPoly

dPoly High
dPoly Low
IMEP

Loss Angle
Out of Range

Peak Pressure

Peak Pressure Location

PolyC
PolyC High
PolyC Low
PolyE
PolyE High
PolyE Low

Reference Cylinder
Rolling Stats Size
Set TDC Offset

TDC Fine Adjust
TDC Offset

TDC Offset Change
TDC Offset Reference
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Indicates the statistical coefficient of variation of the indicated mean effective pressure
(net) of the reference cylinder.

Indicates the difference between the statistical mean of calculated compression and
expansion polytropic coefficients.

Specifies the maximum threshold for the difference between compression and expansion
polytropic coefficients.

Specifies the minimum threshold for the difference between compression and expansion
polytropic coefficients.

Indicates the statistical mean of indicated mean effective pressure (net) of the reference
cylinder.

Specifies the difference between peak cylinder pressure and cylinder TDC due to heat
transfer losses; commonly referred to as the thermodynamic loss angle.

Indicates whether the associated polytropic coefficient is within the stated maximum and
minimum threshold values.

Indicates the statistical mean of peak pressure of the reference cylinder.
Indicates the statistical mean of location of peak pressure of the reference cylinder.

Indicates the statistical mean of calculated polytropic coefficient of the compression stroke
(based on the logarithmic P-V diagram)

Specifies the maximum threshold for the calculated polytropic coefficient of the
compression stroke.

Specifies the minimum threshold for the calculated polytropic coefficient of the
compression stroke.

Indicates the statistical mean of calculated polytropic coefficient of the expansion stroke
(based on the logarithmic P-V diagram)

Specifies the maximum threshold for the calculated polytropic coefficient of the expansion
stroke.

Specifies the minimum threshold for the calculated polytropic coefficient of the expansion
stroke.

Specifies the cylinder used as a reference for TDC offset settings.
Specifies the size of rolling statistics buffers.

Sets a new TDC Offset value (indicated by the Calc TDC Offset). Because the TDC
Offset must be configured in the Offline mode, the DAQ software must be reinitialized.

Specifies the TDC fine adjustment. A TDC offset may force resampling data which can be
slow.

Specifies the global TDC Offset. It is commonly used to easily adjust for changes in the
encoder without needing to change each cylinder TDC.

Indicates the difference between the current TDC offset and the new Calc TDC Offset.
Specifies the method used to calculate a new TDC Offset.
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3.2.1.2 Async Conversion Settings

The async conversion settings define the method of converting signals to synchronous or asynchronous types
depending on what types of signals are available.

e Aoync Conversion Settings L= — | EZ
Conversion | Fast E| ﬂ J ‘
Conversion Specifies the method used to convert synchronous data to asynchronous data.
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3.2.1.3 Pegging Settings

Many of the sensors used for in-cylinder applications are relative or dynamic measurements. They are accurate
in representing the change in pressure over a short period but do not represent an absolute vale. To compensate,

pegging (calculating a dynamic offset) is used.

&

s« Pegging Settings

Pressure m =

I I
-360  -300

1 I I I
-200 -100 0 100 200

I I
300 360

3 Cylinder 1 ©

Crank Angle - [CAD]

Specifies the location used to peg cylinder pressure when using constant and synchronous

5500
Manifold Absolute Pressure - 5000 -
Pegging Synchronous || "o 4500 -
Location| 300 |[CAD) m 4000~
24 3500 -
1 w 3000~
Window | 5 [CAaD] ﬁ 2500 -
i)
o 2000-
1500
1000 -
500-
B
1. Detailed setup of the selected measurement.
2. Plot of current signals and windows.
3. Selection of cylinder to display.
Location
MAP pegging.
Pegging

Pegging Pressure
Polytropic Exponent
Window

Specifies the method used to peg cylinder pressure.
Specifies the pressure used to peg cylinder pressure when using constant pegging.
Specifies the polytropic exponent used for polytropic pegging.

The crank angle window size used to average noise in synchronous waveform
measurements.
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3.2.1.4 Filter Settings

The filter settings define all the filters for engine synchronous and time-based asynchronous measurements.
Each measurement can be configured to a filter resource. The filter resources can be attached to a one or more
measurements.

. s Filter Settings ==y P
ID Filter Frequency [%] N Order . signal  [IRNG
1 Forward and ReuerseHRE 25 0 2 1 Filter ID 3 Pressure |'_i5i9”3| Filtered -

2 | Ralling N Cycles [=] 0 10 0
3 MNone B 0 0 0
4 Mone E 1] i] 1]
5 Mone 1 E 0 0 0
[ Mone E 0 0 0
5 a1k
| g
g Maone E 0 0 [i] i
10 | Mone [=] 0 0 0
11 | None [=] o 0 0
12 | None =] 0 0 0
13 | None [=] 0 0 0
14 | None [=] 0 0 0 53 - S S T—" s ———————
15 | None =0 0 0 J . -400 -350 -300 -250 -200 -150 -100 -50 O 50 100 150 200 250 300 350 400
16 |  None [«] © 0 0 © | Crank Angle - [CAD]

1. Detailed settings for each filter resource.
2. Plot of current signals and windows.
3. Selection of filter resource and signal to plot.

Filter Defines the type of filter used.

Frequency Defines the filter frequency as a percent of the nyquist frequency. This value is only valid
when using FIR and IIR filters.

N Defines the number of cycles to include in the rolling average or the number of samples to
include in the boxcar average.

Order Defines the order of the filter when using the FIR and IIR filters.
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3.2.1.5 Pressure Metrics Settings

The pressure metrics settings define parameters for the pressure metrics calculation group.

s+ Pressure Metrics Settings = 28
Standard |;_! Peak Pressure 6000 -
-l Peak Pressure Start [CAD] 1 SEO0 -
& Peak Pressure End [CAD]
_ 5000
_ 4500 -
Endpaints [+ | Polytropic % 4000~
2 Endpoint Window [CAD] ‘:'; 3500 -
S0 Polytropic Compression Start [CAD] E 3000 -
a0 Polytropic Compression End [CAD] %
[l Polytropic Expansion Start [CAD] & £
90 Polytropic Exparision End [CaD] 2000~
-360 Intake Pressure Start [CAD] 1500 -
-300 Intake Pressure End [CAD] 1000 —
300 Exhaust Pressure Start [CADY)
360 |Exhaust Pressure End [CAD] r Sm-;:n'n 300 200 -100 i 100 200 300 360
Horizontal Cut || TDC Probe £ Crank Angle - [CAD]

1. Detailed settings for the basic calculation group.
2. Plot of current signals and windows.

Endpoint Window

Exhaust Pressure End
Exhaust Pressure Start
Intake Pressure End

Intake Pressure Start

Peak Pressure

Peak Pressure End

Peak Pressure Start
Polytropic

Polytropic Compression End
Polytropic Compression Start
Polytropic Expansion End

Specifies the size of the window used to average the endpoints when calculating
the polytropic exponents.

Specifies the end of the exhaust pressure calculation.
Specifies the start of the exhaust pressure calculation.
Specifies the end of the intake pressure calculation.
Specifies the start of the intake pressure calculation.
Specifies the method used to calculate the peak pressure.
Specifies the end of the peak pressure window.

Specifies the start of the peak pressure window.

Specifies the method used to calculate the polytropic exponents.
Specifies the end of the polytropic compression calculation.
Specifies the start of the polytropic compression calculation.
Specifies the end of the polytropic expansion calculation.
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Polytropic Expansion Start Specifies the start of the polytropic expansion calculation.
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s Unit Conversions Settings =[] &
Disabled |
kPa psi 0.145028 - Delete
kPa abs psia 0145038 Delete
ns sec 1E-9 Delete
kW hp 1.34102 Delete

] Delete
] Delete
] - Delete

Unit conversions are controlled in 2 places:
1. This window 1= used to convert units on Tables, Trends, and Plots.

2. Settings with units can be modified using CalVIEW. Please see the T
CalVIEW users manual for details on setting up unit conversions. l@:

&

User's Manual

The unit conversion dialog allows the user to define a set of unit conversion rules. The rules affect the tables, trends,
and plots. They do not change the units of settings or results in a file.
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3.2.1.7 Temperature Settings

The temperature settings define how the in-cylinder temperature estimation is calculated.

Exhaust Pressure
Exhaust Temperature
Intake Pressure
Intake Temperature
Residual Fraction
Window

we Temperature Settings | = | L EE

Residual Fraction | 0.01
Intake Temperature | 298 [K]
Intake Pressure | 101 [kPa abs]
Exhaust Temperature 298 [K]
Exhaust Pressure | 101 [kPa abs]

Window | 5 GJI

Pressure of the intake gas at the intake valve.

Temperature of the exhaust gas at the exhaust valve.

Pressure of the exhaust gas at the exhaust valve.

Temperature of the intake gas at the intake valve.

Fraction of exhaust gas remaining in the combustion chamber after the exhaust event.

The crank angle window size used to average noise in synchronous waveform
measurements.
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The heat release settings define what settings are used for the various methods of calculating heat release.

#

C1c

C1e

C1ge

C2c

C2e

C2ge

End Angle

End of Combustion
Heat Release

Heat Transfer

Heat Transfer Correlation
N End

N Start

Polytropic Correlation
PreChamber Volume
Smoothing

: Heat Release Settings = 2
Heat Release Model User Heat Release VI
User Defined E|
1 Smoothing [3]
0 PreChamber Volume [liter]
Polytropic Correlation
Hayes (SAEB50029) [l
0 a 0 b
Heat Transfer Correlation Wall Temperature Profile
Hohenberg E| Constant E|
0 Heat Transfer [W/m2-K] 450 Wall Temperature [K]
f.15 Clge ] C2ge 273 Wall Temperature BDC [K]
2.28 Cc 0 C2c 273 Wall Temperature TDC [K]
2,28 Cle 000324 C2e
Start of Combustion End of Combustion
M Above Zerao El Boxcar Average Below Zero El
-20 Start Angle [CAD] ] End Angle [CAD]
5 M Start 5 M End

e

Woschni Coefficient 1 for Compression (Default = 2.28).

\

Woschni Coefficient 1 for Combustion and Expansion (Default = 2.28).

Woschni Coefficient 1 for Gas Exchange (Default = 6.18).
Woschni Coefficient 2 for Compression (Default = 0.0).

Woschni Coefficient 2 for Combustion and Expansion (Default = 0.00324).

Woschni Coefficient 2 for Gas Exchange (Default = 0.0).

Specifies the angle to end looking for the end of combustion.

Specifies the method used to determine the end of combustion.

Specifies the method used to calculate heat release.

Defines the heat transfer when using the constant Heat Transfer Correlation method.

Specifies the method used to calculate the Heat Transfer Correlation.

Specifies the number of samples to use when determining the end of combustion.

Specifies the number of samples to use when determining the start of combustion.

Specifies the method use to calculate the polytropic exponent.

Specifies the volume of the prechamber used in dual transducer calculations.

Pressure waveform smoothing factor as a percent of one engine cycle.
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Start Angle

Start of Combustion
User Heat Release VI
Wall Temperature

Wall Temperature BDC

Wall Temperature Profile
Wall Temperature TDC

NI Combustion Analysis System Software for LabVIEW
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Specifies the angle to start looking for the start of combustion.
Specifies the method used to determine the start of combustion.
Specifies the file location of the user heat release VI, if used.

Specifies the Wall Temperature when using the constant Wall Temperature Profile.

Specifies the Bottom Dead Center Wall Temperature when using the linear Wall
Temperature Profile

Specifies the method used to calculate the cylinder Wall Temperature Profile.

Specifies the Top Dead Center Wall Temperature when using the linear Wall
Temperature Profile

Defines the Polytropic Exponent Correlation "a" Value when using custom Polytropic
Correlation.

Defines the Polytropic Exponent Correlation "b" Value when using custom Polytropic
Correlation.
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The knock settings determine how knock is detected. The knock settings dialog provides information and displays

that are helpful for calibrating the knock settings.

s+ Knock Settings
Refr:rence[CAD]_Knock[CAD] l%kHz]
1 | Z0t0180 |03 |5 i |
| Cylinder 2 Otod Otel Oto0
Cylinder 3 Otol Oted Otcl
| Cylinder 4 0tod OtoD Otol
| Cylinder 5 0tod . |0toD Otol
| Cylinder6  [0t00 ] |0t 0100
Cylinder 7 Otol Otol Otcl
| Cylinder 0tod OtoD Otol
| Cylinder 9 0tod Oto0 Otol
| Cylinder10 [0to0 Otol Otol
Cylinder1l (0OtoD Ot Otc0
| Cylinder12 |0to0 OtoD OtoO
| Cylinder13 [0to® Oto0 OtoO
| Cylinder14 [0to0 Otol Otol
Cylinder15 Otol 0tal Otol
| Cylinder1s |0to0 Oto0 0tol
Reference Start | -210 [CAD] Knock Start | 0 [CAD]
Reference End | -150 [CaD] Knock End | 30 [CAD]
2 High Cutoff | & [kHz] Mir Reference | 0 r v
Low Cutoff 5 [kHz] Threshold | 0.5 | m |
[Hold1 || Cleart |
\ s [Hold 2 |[ Clear2 |
Bandpass —_—
Filter | Hold 3 | Clear 3|
J””“’* [Hold4 || Clear4 |
w Rectity || [Hioid5](Clears)
U] e
, [Hold 6 || Clears |
i ! Integrate Sl g
|HMd?HChm?h1
o CanpaK: - Knock Results

|

E R C |

S EEE

| Current

| Hold1

| Hold 3
| Hold 4
] Hold 5
| Hold &
| Hold 7

Signals

Haold 2

3 mas

&

q € €

| Hold 4
| Hold 5
] Hold 6
| Hold 7

| Current m

| Hold1
| Hold 2

Haold 3

Pressure - [kPa abs]

Acoustic-[ ]

Filter Cutoffs

-5 —
-360 -30

I
-200

1
-200

Filter Results

1 | i
-100 0 100

Crank Angle - [CAD]

I I
-100 0 100
Crank Angle - [CAD]

I
200

|- Reference Window

I
200

Threshold

I 1
300 360

I 1
300 360

o=

Summary of settings for each cylinder.
Detailed setup of the selected measurement.
Calibration setup displays.
Hold and clear for up to 7 cycles. Pressing the buttons captures the current waveforms for comparison.

High Cutoff Frequency Specifies the High Cutoff Frequency of the knock filter for each cylinder.

Knock End

Knock Start

Low Cutoff Frequency
Minimum Reference
Reference End
Reference Start
Threshold

Specifies the crank angle to end the knock window for each cylinder.

Specifies the crank angle to start the knock window for each cylinder.

Specifies the Low Cutoff Frequency of the knock filter for each cylinder.

Specifies the Minimum Reference Value used to remove noise for each cylinder.

Specifies the crank angle to end the reference window for each cylinder.

Specifies the crank angle to start the reference window for each cylinder.

Specifies the knock threshold for each cylinder.
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Calibrating knock is a delicate process of capturing various degrees of knock and comparing them to determine
where the unacceptable level of knock occurs. Changing settings will reprocess all the held data so the new settings
can be evaluated over the range of operating conditions. The process of calibrating knock starts with setting up
windows for checking for knock and reference noise. The Signal page shows the current cycle of pressure data and
the acoustic waveform. The knock window should be located around TDC. The reference window should be located
away from noise caused by valve closings and other noisy events.

so« Knock Settings | = | i;SHJ
£ Reference[CAD]| Knock{CAD] | FiterfkHz] | [ Stk Filter Cutoffs Filter Results Threshold
| Gylinder2  [0t00 0to0 0to0 7| Current 8
Cylinder3 [0toD Dto0 0toD V7 Hoid1 [N
| Cylinderd 0100 Dto0 0to0 ¥ Hod2 N
| Cylinder 5 O0tc0 0tcl Otel i m L I
| Cylinder6 [0t00 Otol Otol o g B
Cylinder7 | 0to0 Dtal UtoD 7 Holds [N £ F
[ Cylinder& |0to0 0to0 0to0 ¥ Hold5 w 2
I = : [~ g
| Cylfnderg Oto0 0to 0tol 7 Hold 6 m E 2
| Cylinder 10 Otol Otol Otol o e L
Cylinderll |0to0 Dto0 Utod ¥l Hoid7 [ = i
[Cylinder12 |0ta0 Dtol 0to0 7 Fiter |
| Cylinder13  [0to0 0tol Otol
| Cylinder14 Otol 0tol Otol
Cylinder15 0tol Oto Otol
| Cylinder 16 0tal Oto Otol
Reference Start | -210 [CAD] Knock Start | 0 [CAD] [¥] Current m
Reference End | -180 | [CAD] Knock End | 30 |[cAD) [7] Hold 1 -
High Cutoff & [kHz]  Min Reference 0 © [7] Hald 2 m
g
Low Cutoff | 5 [kHz] Threshold | 0.5 | 7] Hold3 m . ':'T
H--!f-'-=!'|=-‘-é [Hotd 1 || Clear1 | 7 Hold4 [N < r
Rl £ [Ve]
RPN N SR LAY, '\./é, i | Hold 2 || Clear 2 [7] Hold 5 m = %
| anapass — : 1 = o
Filter | (Hoid3|[Clear3] | o6 N Z I
Gae [Hold4 |[Clears| | [V Hold7 [ 8
Rectily | [Hoids |[clears] | [ Fiter [
Hold 6 || Clear6 |
Integrate |——”4 == be kU
|Hold7 | Clear7 | g 10 12 14
o Compare I y Frequency - [kHz]
B = Knock Results | Theoretical Knock Freg® Gas Temp Calculation must be enabled.

The next step in calibrating knock is to determine the knocking frequency. The frequency magnitude should be reality
stable unless knocking. Therefore, the filter frequencies should include the knocking event but not other events.

The filter cutoffs page displays the FFT of the for the knock and reference windows. The first three theoretical
fundamental frequencies (based on cylinder bore) are calculated and displayed for reference.
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sor Knock Settings
| Reference[CAD]| Knock[CAD] | Filter[kHz]
GyfinderT  [-210to 180 [0t030 508
| Cylinder 2 0tol Otol Otol
| Cylinder 3 0tal 0tol 0to0
| Cylinder 4 Otol Otol OtoD
| Cylinder5  [0to0 0to0 0t
| Cylinder O0tol Otal 0to0
Cylinder 7 Otol 0tol 0to0
| Cylinder& Otol Otol 0to0
| Cylinderd  [0t00 0tol 0ta0
| Cylinder10 0tal Otal 0to0
| Cylinderll | 0tal Otol Otol
| Cylinder12 [0to0 Oto0 0to0
| Cylinder13  [0to0 0tol 0to0
| Gylinder1d 0100 Oto0 Oto
| Cylinder15 Otol 0tol 0to0
| Cylinder16 [Oto0 Oto0 Oto0 _
Reference Start | -210 [CAD] Knock Start | O [CAD]
Reference End | -180 [CAD] Knock End | 30 [CAD]
High Cutoff & [kHz]  Min Reference |0 =
Low Cutoff | 5 [kHz] Threshold | 0.5 | Q
| Hotd || 02]
Ay [Hold2 || Clear2 |
Bandpass | —— — —
Filter || (boid3 /| Cleas3)
— A~ [Hold 4 |[ Clear4 |
Al | [toias ] clears]
[ | Hold || Clears |
| [k Integrate e
} |Hold 7 || Clear7 |
c [ weshold = Knock Compare = Knock Results

EEEEEEEE

T M EEEEE

=

| Held 1
| Hold 2

| Hold 6
| Held 7

Signals

Current

Hold 3
Hold 4
Hold 5

H
©
)

Reference Window

Knock Window

Filter Cutoffs

Filter Results

Frequency - [kHz]

I o 1
6 8 10 12
Frequency - [kHz]

14

Threshold

B

Next, the filter results for the knock and reference window are displayed on the filter results page.
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= Knock Settings

[¥] Knock

Low Cutoff | 5

[ [keHz] Threshold | 0.5

j\/\,\,\.

Bandpass
Filter

| ck[CAD] Filter[kHz]

Tylindert | G030 [Swe

[Cylinder2  |0toD 0to0 0to0
Cylinder 3 Oto0 Ota0 Oto0

| Cylinderd  [0taD Otod 0to

| Cylinder 5 Dtol Otol Otel
Cylinder Oto0 0tol O0to0
Cylinder 7 Otol Otel Otcl

[ Cylinder®  [0toD Oto0 0te0

| Cylinder9 Dto OteO Otol
Cylinder 10 Oto0 0to0 0to0
Cylinder 11 Oto0 Ota0 Oto0

| Cylinder1z [0taD Otod 0to

| Cylinder13 |[0to0 Otol Otol
Cylinder 14 Oto0 0tol O0to0
Cylinder 15 Otol Otel Otcl

[ Cylinder16 [0to0 Oto0 0te0
Reference Start | -210 [CAD] Knock Start | 0 [CAD]
Reference End | -180 [CAD] Knock End | 30 [CAD]

High Cutoff | 8 [kHz] Min Reference | O r 1
©

[Hotd1 [ Cleard
[Hotd2 |[iar2]
| Hold3 | Clear3 |
[Hotd4 |[Ciear4
[Hold5 [ Clears
[Hotd6 |[iars
[ Hold 7 [ Clear7 |

< Knock Results

Signals

[¥] Reference -

[¥] Raw

7| Final

e w

Filter Cutoffs

Filter Results

0.3+

0.25-

0.2+

015+

Integrataor

0.1

0.05-

1 1
0 0 1 2 3 4 3

Data Set

Knock

Data Set

Threshold

B

Last, the filtered window results are integrated and compared. The threshold should be set to determine where
knock starts. The threshold is removed to get the final knock value. Any value above zero is considered knock.
Greater knock values indicate greater levels of knock. The threshold page shows the results of the integration and

the raw and final results of the comparison.
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The cam settings are used to calculate cam phasing. The system should be set up for each cylinder separately. The
setup button analyzes the cam signal and generates an array of angles for rising and falling edges to compare to
calculate the phasing. The baseline settings should be set when the phaser control is turned off or disconnected.

wi Cam Settings

&

L)

5

E
l:l_l I
-360  -300

&

(]

3

e

|
l:l_l I
-360  -300

Crank Angle - [CAD] | Falling |

=1 2
2 Cylinder 1 ©
I Setup |
b Edge Count
| Falling | @ -245
| Falling | | -145
B
: J ! ! I i I .
-200 -100 0 100 200 300 360 | falling | 1235
Crank Angle - [CAD] 283
I Setup |
B Edge Count
345
| Falling | | -153
| Falling | @ -53
| | 1 1 1 1 | e 135
-200 -100 0 100 200 300 380 [_Rising ] —

1. Plot of current signals and rising and falling edges.
2. Selection of cylinder to display.
3. Detailed setup of the selected cylinder.

Exhaust Cam Edge Angles
Exhaust Cam Edge Count
Exhaust Cam Edge Directions

Intake Cam Edge Angles
Intake Cam Edge Count
Intake Cam Edge Directions

Specifies the angle for each exhaust cam pulse of each cylinder.

Specifies the number of exhaust cam pulses for each cylinder.

Specifies the direction of exhaust cam pulse for each cylinder. Each cylinders data

is stored in a bit field corresponding to each pulse.
Specifies the angle for each input cam pulse of each cylinder.
Specifies the number of intake cam pulses for each cylinder.

Specifies the direction of intake cam pulse for each cylinder. Each cylinders data

is stored in a bit field corresponding to each pulse.
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3.2.1.11 Injection Settings

The injection settings define how injection waveforms are processed. The injection calculations measure starting
angle, duration, and fuel flow for each injection.

= Injection Settings |¢l
Duration  [ms] [mg/Inj]
o — 0.000 1.000 ﬂ
(=9
= 0,000 0.000 0,000
1.000 0.000 0,000
L)
:
il
=
o
Z
T
El ]
Fuel Rail Pressure Source | DACQ Channel IE' Duration Size | 2
Fuel Pressure Size | 2
Signal Voltage E Type DI Solenoid |E|
Min Injection | 0.1 [ms] . @J]

Fuel Rail Pressure Defines the fuel rail pressure of the injectors.

Fuel Rail Pressure Determines the source of the fuel rail pressure used in determining fuel flow.
Source

Min Injection Defines the minimum injection width.

Signal Defines the injector signal type.

Type Defines the injector type.

X-Fuel Pressure Defines the X-Axis (Fuel Pressure) of the 2d injector calibration table.
Y-Duration Defines the Y-Axis (Duration) of the 2d injector calibration table.
Z-Fuel Flow Defines the Z-Axis (Fuel Flow) of the 2d injector calibration table.
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Min Dwell
Restrike Delay
Signal
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3.2.1.12 Spark Settings

The spark setting determine how spark signals are processed. The spark calculations determine the spark angel and

o Spark Settings

=

Signal Voltage
Min Dwell | 0.1

Restrike Delay 1

[ms]

(=]

[ms]

©)

Defines the minimum dwell width.
Defines the maximum restrike delay.
Defines the spark signal type.
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3.2.1.13 Misfire Settings

The misfire settings determine how a misfire event is determined.

wi Misfire Settings !_._

=/

Misfire

Peak Pressure

1000

Threshold [kPa]

Specifies the method to use for Misfire detection.

Specifies the threshold used to detect a misfire. The use of the value depends on the misfire

method used.
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3.2.1.14 Simulation Settings

The simulation settings allow the user to control how simulated waveforms are generated. The simulation is enabled

on the engine setup page.

we Simulation Settings
Speed [RPI]
Il

700 2000 3000 4000 5000 6000

_Load 1 [REM]
LN

TR T TG Cha T naT
] 20 40 o 80 100

@ D Lookup Tables
k:‘_ 2 Run Profile

Speed [RPM]

=[E] =
Simulation Parameters :
Cam Start Cam Duration Synchroncus Pump Start
Manifold Absalute Pressure | 71.32 | [kPa abs] 150 [CAD] 50 [CAD] 300 [CAD]
Fuel Rail Pressure | 10.9168 | [MPa abs] 20 130 60
3 330 190 180
Exhaust Cam | 25.9874 | [CAD]
-25.987: e ; e ; ;
HakE Gain [CAD] Injection Location Injection Duration Spark Location
Synchronous Pump Duration | 10.9168 |[CAD] A01.32 | [CAD] g.2707: [ms] g6z | [CAD]
11821 0.3053: £.5210z
SHaek Ewedl| 1 [ms] 182100 0.9503: 317897
PwWM Frequengy 10 [kHz]
PWM Duty Cycle | 20,9299 |[34]

Speed m
Load -

o

=]

a.

E

Time [s] | Q

N —

pre-defined profile.

W

Pre-defined profile.

Cam Start

Exhaust Cam

Fuel Rail Pressure

Injection Duration

Injection Location

Intake Cam

Manifold Absolute Pressure
PWM Duty Cycle

. Speed and load settings.
. Simulated settings mode. Lookup tables adjust detailed settings based on speed and load. Run profile runs the

Detailed simulation settings.

Specifies the simulated cam start.

Specifies the simulated exhaust cam offset.

Specifies the simulated fuel rail pressure.

Specifies the simulated injection duration.

Specifies the simulated injection locations

Specifies the simulated intake cam offset.

Specifies the simulated manifold absolute pressure.

Specifies the simulated pulse width width measurement duty cycle.
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PWM Frequency Specifies the simulated pulse width width measurement frequency.
Spark Dwell Specifies the simulated spark dwell.

Spark Location Specifies the simulated spark location.

Speed Specifies the simulated engine speed.

Synchronous Pump Duration  Specifies the simulated synchronous pump duration.
Synchronous Pump Start Specifies the simulated synchronous pump start.
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3.2.2 File Save
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3.2.2.1 Raw File Save

NI CAS Software raw files contain all of the data as it comes from the DAQ system and all of the settings entered
by the user. This data can be used to generate summary data. Because all of the data is saved in a raw format,
calibrations and other settings can be modified and applied the calculations when reprocessing. However, the data
in the file need some processing before it is useful in most user applications. NI CAS Software contains several
applications, examples, and an API for using raw data files.

w= Raw File Save l =0 8
| Start-Stop File | S_th,am — | Sum: -+ Raw |
File Path
Path ChData
File Name Raw_XXX
Comments
| Single | FilePart 0 o] 0
[ size Limit ] Size Limit 300 /[ME] Reset Counter Value 0
[ Time Limit ] Time Limit 60 [<] | Reset Counter |
[ Lycle Limit J Cycle Limit 1000 | Manual Trigger |
File Progress | (%]
Process File 1,
File
S
& i 0
. - L Q |

Start-Stop File
Standby / Writing
New File / Overwrite
Sum + Raw

File Path
Path
File Name

Comments
Single / Continuous

Starts saving a file if currently stopped or stops saving a file if currently stopped.
Displays the state of the file writing process.
Indicates if a new file will be written or an old file will be overwritten.

Presses the "Start-Stop File" buttons on "Raw File" and "Sum File" dialogs at the same
time.

Current files path and name when saving.
Location on the target system where data will be saved.

Name of saved files. "XXX" is replaced by the "File Counter" and standard data/time
formats (%c) are applied to the name.

User comments added to the file.

Single - One file is written and saving stops. / Continuous - A new file is started when the
previous one finishes. File Part increments by on for each file. The saving process must be
stopped manually.
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File Part

Size Limit

Time Limit

Cycle Limit

File Counter

Reset Counter Value
Reset Counter

File Progress
Process File

File
Error

Data/Time Format:

%X (locale-specific time)

NI Combustion Analysis System Software for LabVIEW
User's Manual

Indicates the current part of a continuous multi-part save.

Enables a size limit on file saving and defines the maximum file size.

Enables a time limit on file saving and defines the maximum time.

Enables a cycle limit on file saving and defines the maximum number of cycle.
Indicates the current file count.

Desired value to set "File Counter" to when "Reset Counter" button is pressed.

Resets the file counter to the "Reset Counter Value".

Indicates the approximate status of the file save compared with the file limit conditions.

Contains a path to a VI on the target system that will be used to process the files after a
save operation. Leave it blank to disable file processing.

Indicates the current file that is processing and any files waiting to be processed.
Indicates any error associated with file processing.

%H (hour, 24-hour clock)

%I (hour, 12-hour clock)

%M (minute)
%S (second)

%<digit>u (fractional seconds with <digit> precision)

%p (a.m./p.m. flag)

%x (locale-specific date)
%y (year within century)

%Y (year including century)

%m (month number)

%b (abbreviated month name)

%d (day of month)

%a (abbreviated weekday name)
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3.2.2.2 Summary File Save

NI CAS Software summary files contain all of the calculated results all of the settings entered by the user. The file
also contains statistics on all the results. Ensemble averages are included for user reference.

o

wi Summary File Save l= =] & )

File Path
Path | C:\[Data
File Marne | Sum_XxK

Start-StopFile | | Standby | | NewfFile | Sum + Raw |

Comments |
| single | File Part 0 File Counter | (
[ Size Limit ] Size Limit 300 [MB] Reset Counter Value | 0
[ Tirne Limit ] Time Limit | 60 [=] | Reset Counter |
| CycleLimit | Cycle Limit 1000 | Manual Trigger |
File Progress | [%]
Process File 8 lﬁ|
File
[P
0

% - Tf}

Start-Stop File
Standby / Writing
New File / Overwrite
Sum + Raw

File Path
Path
File Name

Comments

Single / Continuous

File Part
Size Limit

Starts saving a file if currently stopped or stops saving a file if currently stopped.
Displays the state of the file writing process.
Indicates if a new file will be written or an old file will be overwritten.

Presses the "Start-Stop File" buttons on "Raw File" and "Sum File" dialogs at the same
time.

Current files path and name when saving.
Location on the target system where data will be saved.

Name of saved files. "XXX" is replaced by the "File Counter" and standard data/time
formats (%c) are applied to the name.

User comments added to the file.

Single - One file is written and saving stops. / Continuous - A new file is started when the
previous one finishes. File Part increments by on for each file. The saving process must be
stopped manually.

Indicates the current part of a continuous multi-part save.
Enables a size limit on file saving and defines the maximum file size.
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Time Limit Enables a time limit on file saving and defines the maximum time.

Cycle Limit Enables a cycle limit on file saving and defines the maximum number of cycle.

File Counter Indicates the current file count.

Reset Counter Value  Desired value to set "File Counter" to when "Reset Counter” button is pressed.

Reset Counter Resets the file counter to the "Reset Counter Value".

File Progress Indicates the approximate status of the file save compared with the file limit conditions.

Process File Contains a path to a VI on the target system that will be used to process the files after a
save operation. Leave it blank to disable file processing.

File Indicates the current file that is processing and any files waiting to be processed.

Error Indicates any error associated with file processing.

Data/Time Format:

%X (locale-specific time)

%H (hour, 24-hour clock)

%] (hour, 12-hour clock)

%M (minute)

%S (second)

%<digit>u (fractional seconds with <digit> precision)
%p (a.m./p.m. flag)

%Xx (locale-specific date)

%y (year within century)

%Y (year including century)

%m (month number)

%b (abbreviated month name)
%d (day of month)

%a (abbreviated weekday name)
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3.2.3 Status
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3.2.3.1 Engine

The engine status display shows the current speed of the engine. It also shows the running time and engine cycle.

s Engine |_':'_...._.___§;_§__|
Speed [RPM]
- Py
4000 6000
Ei.iﬂ/J &000 -
LY
i 0 10000
& N
1000
Time | 3980654080 | [ns]
Cycle| 748 '{}:]
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3.2.3.2 Resources

The resources display shows the status of the system hardware resources.

Free Disk Space
Core

CPU
RAM

s Resources

= . |

Free Disk Space | 129865 | [MEB]

2
19
8
g

Core [&]

CPU 15 [%6]

RAM | 1645.05 [ME] @ ,

Free Space on the C Drive
CPU use for each CPU core (RT only)

Average system CPU use (RT only)
Available system RAM (RT only).

*Only available with the Development License.
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3.2.3.3 EPT

The EPT (engine position tracking) status display indicates the state of the encoder tracking. This function is only
available when using an FPGA.

A

B

Crank Count
Crank Count Max

Crank Count Min

Crank Position
Cycle

Cycle Period
FPGA Time
Gate-Reset
Max CAT
Overspeed
Stalled

Start Time
Sync

V4

s EPT L= Bl 3
A Crank Count 338
J B Crank Count Max| 720
9z Crank Count Min | 720
P Gate-Reset Crank Position | 1355 [CAT]
. Overspeed
Cycle 0
@ Stalled
) Syne Cycle Period | 4799433 [Ticks]
FPGA Time 1548964546 [ns]
Max CAT | 2880 [CAT]
— Start Time 0 [ns]

Indicates the state of the encoder A signal.
Indicates the state of the encoder B signal.
Indicates the current crank count of the engine position tracking system.

Indicates the maximum crank count observed after starting the engine position tracking
system.

Indicates the minimum crank count observed after starting the engine position tracking
system.

Indicates the current position of the engine position tracking system.

Indicates the current cycle after starting the engine position tracking system.
Indicates the current cycle period measured by the engine position tracking system.
Indicates the current FPGA timestamp.

Indicates the state of the encoder Gate/Reset signal.

Indicates the maximum crank angle ticks of the engine position tracking system.
Indicates an overspeed state of the engine position tracking system.

Indicates a stalled state of the engine position tracking system.

Indicates the start time of the current DAQ sampling task according to the FPGA timestamp.

Indicates a synchronized state of the engine position tracking system.
Indicates the state of the encoder Z signal.

*Only available with the Development License.
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3.2.3.4 Execution

The execution status display indicates execution time of each processing and calculation step. The calculations can
be enabled or disabled using Calculations.vi.

NI Combustion Analysis System Software for LabVIEW

a1
161
1265
&l
290

Lo}

47

11

38
29

see Execution

[us]
[us]
[us]

[us]

Calibrate
Scale
TOC Offset
Filter
Separate
Pegging
User Process
Basic
MEP
Motaring
Gas Temp
Injector
Spark
Heat Release
Moise
Misfire
Cam
Pump
P
Knock
FPGA

|

I 3 3 I D S R

hedium Speed n

User Calculations E

Calculation Time [us]

2000-

4000-

6000 -

8000-

10000 -

12000-

14000-

16000~

18000 -

20000~

22000~

24000~

26000~

28000 -

30000 -

{ |
—

E@_"

. Calculation Time - Calculation time for each processing or calculation step.
. Name and Color - Name and color of the processing or calculation step.

. Calculation Time - Graphical representation of calculation time. The plot maximum is the maximum allotted time
available to finish the calculations.

User's Manual
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3.2.3.5 Buffer

The buffer status display indicates the state of the NI CAS Software buffers. The NI CAS Software buffers should not
overflow under normal operation. Each buffer is used in a different part of the system.

#

ws Buffer el = e EE el |

= Aignment Queve [l 121072  SyncSize
aw File Queue Sl 5, n Sync Process Use

1—9‘-“---"- Data Queve 15840  |me  SyncRawProcessUse
feedbackQ 32768 Async Ind Si
. Display Queve [l S
Su e Quens _ ?EEI. . Async Ind Process Use
3060 e Async Ind Raw Process Use —
Next-Cycle Ready [CAD] | 524288 |Async Size
—— - .
o SIZIf ., 24000 Async Process Use e— ]
650 i 132000 | |=————AsyncRaw Process Use | [l
600 3 - FPGA Size
5% n recapiocessvse
\ 50 5 iy PGA Raw Process Use |
1 250
% 450 00 1 Medium Speed Size
400 350 0 Medium Speed Process Use | [
[ = 4 5
f} J i} Medium Speed Raw Process Use _

1. Buffer Summary - Each buffer holds and delivers data to a different part of the NI CAS Software.

2. Alignment and Raw Summary - The alignment and raw file buffers are many smaller buffers to hold data from
different sources.

3. Next-Cycle Control Data Ready Angle - The estimated angle where next cycle results are available.

The Alignment and Raw buffers gather and hold data from the DAQ system and waits for the desired number of
cycles or data to become available. The data is then distributed to other functions waiting on it. Each source of
data writes the data to its own smaller buffer. The sizes of these buffers is determined by the maximum sample rate
calculated from the engine speed and sample resolution or the sample frequency.

Next-Cycle control data is handed off to the user program where it can be used for whatever control strategy
needs it. Data for processing real-time results is passed to the processing code where it performs all the required
calculations and hands the results to the display and summary file functions.

The raw data streaming has direct access to the alignment buffers and and pulls the buffers directly to disk.
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Alignment & Raw File Buffers

Sync DAG =  Sync Buffer

Mext-Cycla
Queue User Cod
ser Code
= —HHHHF | next-cyole control Display
aueve Calculate Statist
alculate Statistics
Asyne DAC - Async Buller Procassing —HHHH}F for Display Data
Queue
- |:| |:| |:| |:| |:| Process Data &
Calculate Results Summary
File Queue
Medium Spead | Medium Spead D D D D D Write Summary
DA Buffer Data to Disk

Stream Raw Data
o Disk

Other DAG = Other Buffers
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3.2.3.6 Loop

The loop status display indicates execution status of each NI CAS Software loop.
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1

2

s Loop l = 2
FPGA Control Count 0 FPGA Control Period | 000.0 [ms] FPGA Control Time 000.0 [ms]
DAQ Count 1566 DAQ Period | 100.0 [ms] DAQ Time 0018 [ms]
Align Count | 157174 Align Period | 001.0 [ms] Align Time 000.0 [rns]
Raw File Count | 31513 Raw File Period | 005.0 [ms] Raw File Time 0001 [rns]
Summary File Count | 6266 Surnmary File Period  002.2 [ms] Summary File Time 000.0 [ms]
Process Count | 6266 Process Period | 001.5 [ms] Process Time 002.2 [ms]
Mext-Cycle Control Count | 0 Mext-Cycle Control Period | 000.0 [ms] Mext-Cycle Control Time | 000.0 [ms]
Display Count | 62066 Display Period | 002.2 [ms] Display Time 000.3 [ms]

3 l ©

1. Loop Count - Shows the current iteration of the specified loop.
2. Loop Period - Shows the current period of the specified loop.
3. Loop Time - Shows the current execution time of the specified loop.
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3.2.3.7 Error

The error status display shows an error and warning message for each loop in the NI CAS Software. The errors are
accompanied with an error number and an error message. An new error state will cause the window to open.

so« Error |¢
Align Error DAG Error Display Error FPGA Error

= = =]

0 0 0 0

Mext-Cycle Error Process Error Raw Error Surmnmary Error

= = =]

0 0 0 0

Display On Error l L@
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3.3 Results
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3.3.1 X-Axis

All plots using "Crank Angle" as the X-axis can be modified collectively by using the plot scaling tool at the top of the
"Plots" tab. The plot scaling tool contains several preset values that are commonly used to look at data, as well as a
custom setting which can be used to enter values not included in the presets.

F ot

w CAS Run-Time Host == = |

File Operate Calibration Snapshot |
NATIONAL [ o [ & |/ Getting |
ﬂmwmmw &)@ gtai:g J
'[Oniine (Acauring Data) | |

ar

| Custom

- -

Async Al Data
Medium Speed Data
Volume

Pressure
% PreChamber Pressure
—=

PV
Detailed PV
Instantanecus Speed

Manifold Absolute Pressure
g Motoring Pressure

Gas Temperature

Heat Release Rate

| Mass Fraction Burned
Acoustic
Spark Command

Fuel Rail Pressure

Injector Command
Intake Cam

Exhaust Cam
Synchronous Pump
TODC Probe

PWM
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3.3.2 Plots

Plots display data in array form. The NI CAS Software contains several different typed of plots that are used for

different kinds of data. Plots using "Crank Angle" as the x-axis have global settings using the X-Axis controls. Most

plots are resizable by dragging the corner or side of the window.

=+ Plot - Sync Al Data
V| Cylinder Pressure 1 - kPa m 130-

1 -~

Al - [%]

-10-

(] | 1 I I I I I I I I I (M
-360  -300 -250 -200 -150 -100 -500 O 50 100 150 200 250 300 360

Crank Angle

3 ER 4 5

Mote: Cylinder pressures are not pegged,  Cylinder 1 {-\'

This type of plot displays analog results for a single cylinder and a single cycle of data at a time.

Plot Legend - Displays plot names and units with the ability to turn off a plot.
Plot Data - Data display area.

Plot Controls - Controls for controlling zoom and cursors.

Cylinder Selection - Select the cylinder to display.

Y-Axis mode - Select between using absolute units or % of range for the Y-axis.

aor®d =~
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@ Plot - Sync DI Data == L
[¥] TDC
Data

&

<

Reduce Resclution

.

Reserved

1

11 I 1 1 1 I 1 1 1 1 L} 1 (8]
-360 -300  -250 -200 -150 -100 -50 0 50 100 150 200 250 300 360

Crank Angle
Cylinder 1 Stack Plots | (\ |

This type of plot displays digital results for a single cylinder of data at a time.

Plot Legend - Displays plot names with the ability to turn off a plot.
Plot Data - Data display area.

Plot Controls - Controls for controlling zoom and cursors.

Cylinder Selection - Select the cylinder to display.

Y-Axis mode - Select between using a separate or combined Y-axis.

aorDd~

*Only available with the Development License.
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soe Plot - Volume

| B e ) |

I I I
-50 0 50 100

Crank Angle - [CAD]

I I I I I
-300 -250 -200 -150 -100

-0.006 -5 I 1 I 1 I I I 1 I
-360 -300 -250 -200 -150 -100 -50 0 50 100
Crank Angle - [CAD]
B2
~ 0.04 -

I
150

I I I
200 250 200

I I I I
150 200 250 360

l:l'l:ll _I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11
-360 -300  -250 -200 -150 -100 -50 0 50 100 150 200 250 300 360
Crank Angle - [CAD]
B2

This plot displays the results of the volume calculations or loading a volume file.

1. Volume - Cylinder volume as a function of crank angle.
2. dVolume - Differential cylinder volume as a function of crank angle.
3. Cylinder Area - Cylinder, head, and piston area as a function of crank angle.
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s Plot - Pressure

. (W] Cyll m

' Avg

1

EY
b Y

-500 -1
4360

I I I
-50 ] 50
Crank Angle - [CAD]

I I I I I
-300 -250 -200 -150 -100

=B 2

I I I I I
100 150 200 250 300

This type of plot displays the results of a specific type of signal for all the cylinders and engine average for a single

cycle.

1. Plot Legend - Displays plot names and units with the ability to turn off a plot.
2. Plot Data - Data display area.
3. Plot Controls - Controls for controlling zoom and cursors.
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w Plot - PV

7o I

[

Avg

il

Pressure - [kPa abs]

I
03
Yolume - [liter]

! Linear

e _

This plot displays the pressure vs. volume for all the cylinders and engine average for a single cycle.

1. Plot Legend - Displays plot names and units with the ability to turn off a plot.
2. Plot Data - Data display area.

3. Plot Controls - Controls for controlling zoom and cursors.

4. Axis - Changes the axis to a log or linear scale.
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i Plot - Detailed PV el e

{¥| Intake m
J| Compression -
J| Expansion m
(V] Exhaust -

1

I
i 01 0.2 03 0.4 0.5 06
Yolume - [liter]

3 ER o 4 5

Cylinder | 1 | Linear |{.\

This plot displays the pressure vs. volume for a single cylinder and a single cycle.

1. Plot Legend - Displays the name and color for each stroke.
2. Plot Data - Data display area.

3. Plot Controls - Controls for controlling zoom and cursors.
4. Cylinder Selection - Select the cylinder to display.

5. Axis - Changes the axis to a log or linear scale.
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Tables contain all of the calculated values and rolling statistics for each result. The results are grouped by calculation
group that can be turned on or off. See Calculations.vi to turn or off the calculation groups.

#

w+ Table - Pressure Meatrics

Cyll
Error Code ]
| Peak Pressure [kPa abs] 56038
Peak Pressure [kPa abs] (Mean) 56136
| Peak Pressure [kPa abs] (Max) 5910
. Peak Pressure [kkPa abs] (Min) = 5330.2
| Peak Pressure [kPa abs] (5D) é 148.21
Peak Pressure [kPa abs] (COV) 0026401
Peak Pressure Location [CAD] 13
. Peak Pressure Location [CAD] (Mean) 12.39
| Peak Pressure Location [CAD] (Max) 14
Peak Pressure Location [CAD] (Min) 1
| Peak Pressure Location [CAD] (5D) 0.79003
. Peak Pressure Location [CAD] (COV) 0.063763
| Max Pressure Rise Rate [kPa/CAD] 163.57
- Max Pressure Rize Rate [kPa/CAD] (Mean) 16231
| Mazx Pressure Rise Rate [kPa/CAD] (Mazx) 189.21
. Max Pressure Rise Rate [kPa/CAaD] (Min) 15045
| Max Pressure Rise Rate [kPa/CAD] (50 08819
- Max Pressure Rize Rate [kPa/CAD] (COV) 0060884 ;ﬂ
Bl - 7
1 V] Show Statistics | (€))

L.

1. Show Statistics - Turns on or off rows of statistics.

2. Parameter - A list of parameters calculated by the specific calculation group.
3. Values - Calculation results for each cylinder and the engine average for multi-cylinder engines.
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3.3.4 Trend Charts

Trend charts contain a history of all the calculated values and rolling statistics. The trend chart captures the current
values at a fixed rate. Therefore, they are good for looking at global trends and not for individual cycle events. The
results are grouped by calculation group that can be turned on or off. See Calculations.vi to turn or off the calculation
groups.

# -

s« Trend - Pressure Metrics

-Error Code 4
-Peak Pressure [kPa abs]

-Peak Pressure [kPa abs] (Mean)
-Peak Pressure [kPa abs] (Max)

-Peak Pressure [kPa abs] (Min)

-Peak Pressure [kPa abs] (50

-Peak Pressure [kPa abs] (COV)

-Peak Pressure Location [CAD]

-Peak Pressure Location [CAD] (Mean)
-Peak Pressure Location [CAD] (Max)
-Peak Pressure Location [CAD] (Min)
-Peak Pressure Location [CAD] (5D)
-Peak Pressure Location [CAD] (COV)

e e e e e e T e i e R e o S

1-Max Pressure Rise Rate [kPa/CAD] ﬂ
5350 |
02:42 PM 02;44 PM
2 | Show Statistics BB 2| | 4 ('\

1. Parameter - A list of parameters calculated by the specific calculation group.
2. Show Statistics - Turns on or off rows of statistics.

3. Values - History of calculated results.

4. Plot Controls - Controls for controlling zoom and cursors.
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4. Processing and Calculations

© National Instruments. All rights reserved. 110



NI Combustion Analysis System Software for LabVIEW
User's Manual

4.1 Cylinder Volume

Cylinder volume is calculated using the following equation for the typical crank-slider mechanism (no wrist-pin
offset)1 2.

Smax=0a +1

5 =a+cos(@) + 12— (a = sin(8))2

) * ((a +1) - (a «cos(g) ++/12— (ax Sinm}}:))

T * B2

V:ﬂ+(

A=A, +A. +(m*B)x ((a+ n- (a « cos(8) + 12— (a* Siﬂ(t?}}:))

For engines requiring a wrist-pin offset, the following geometry calculations are used:

—
Smax = @+ 1% —x?

5 =axcos(8) + 12— (a = sin(g) — x)2

) * ((”m) - (a « cos(6) ++/12 — (a » sin(6) — x}z))

77 % B2

V:ﬂ+(

A=A, +A. +(m+B)= ((\.'(a +1)¢ —xz) — (a « cos(8) ++/12 — (a = sin(8) —x}z))

where:
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~-—-TDC

“-- BDC

1. Heywood, J. B., Internal Combustion Engine Fundamentals. McGraw Hill, Inc., New York, NY. 1988.
2. Stone, R., Introduction to Internal Combustion Engines, 3rd Edition. Copyright Richard Stone, 1999.
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4.2 Waveform Filters

Four different filter types with customizable parameters can be used to remove unwanted noise from the
synchronous and asynchronous signals: Boxcar, Rolling N Cycles, Forward and Reverse IIR, and FIR Filter with
Rollback.
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4.2.1 Boxcar

The 'Boxcar filter requires 'N' points for input. This filter, also known as a 'moving average,' is a very simple FIR filter
which smoothes a signal by 'marching' through the waveform and averaging 'N' points before and after each given
point (including the point itself).
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4.2.2 Rolling N Cycles

The 'Rolling N Cycles' filter requires 'N' cycles for input. This filter is an ensemble average of the last 'N' consecutive
cycles, as shown in the following equation:

N
- 1
F=g ) B
L

Note: The 'Rolling N Cycles' filter tends to be resource intensive, scaling with the number of cycles used.
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4.2.3 Forward and Reverse IIR

The 'Forward and Reverse Infinite Impulse Response (lIR)' filter requires filtering frequency (lowpass) and filter order
inputs. The Butterworth filtering method is used, with a sampling frequency of 200 Hz. The filter order dictates the
response of the signal roll-off, where a higher order has a steeper roll-off.

This filter is passed in both forward and reverse directions to avoid shifting the phase of the waveform.
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4.2.4 FIR Filter with Rollback

The 'FIR Filter with Rollback' requires filtering frequency (lowpass) and filter order inputs. This filter is a backward-
looking 'moving average' which smoothes a signal by 'marching' through the waveform and averaging 'N - 1' points
before each given point (including the point itself). In this case, 'N' is also the filter order.

This filter method shifts the phase of the waveform N/2 points to the right, therefore rollback is necessary to correct
the phase of the signal.
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4.3 Cylinder Pressure Pegging

In the case that in-cylinder pressure is measured using a dynamic pressure transducer (e.g., piezoelectric), the
captured waveform must be 'pegged' to an absolute value in order to obtain accurate results. Using this software,
cylinder pressure can be pegged using a constant value, synchronous manifold absolute pressure (MAP) signal, or a
polytropic coefficient. Note: If a pre-chamber pressure is used, it will be pegged in the same manner as the primary

cylinder pressure.
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4.3.1 Constant

The 'Constant' pegging setting requires a constant, scalar value as the pegging reference, a pegging location, and a
pegging window.

The pegging location (typically near a relatively quiescent period within the cycle and while the intake valve(s)

are open) specifies the crank angle at which the pegging reference will exactly equal the average of the cylinder
pressure waveform over a given pegging window. The pegging window is centered about the pegging location.
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4.3.2 Synchronous MAP

The 'Synchronous MAP' pegging setting requires a configured sync analog channel (Manifold Absolute Pressure -
kPa) as the pegging reference, a pegging location, and a pegging window.

The pegging location (typically near a relatively quiescent period within the cycle and while the intake valve(s)

are open) specifies the crank angle at which the pegging reference will exactly equal the average of the cylinder
pressure waveform over a given pegging window. The pegging window is centered about the pegging location.
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4.3.3 Polytropic

The 'Polytropic' pegging setting requires a pegging location, a pegging window, and a constant polytropic coefficient
to define the pegging reference.

The pegging location / window should be positioned during the compression stroke after the intake valve is closed,
e.g., from -90 to -60 DATDC.

The following calculations are used to define the pegging reference:

. P,—P,
Znew — 7.7
1- 5:1
2
Praf = P2 - Pz_naw

Where location 1 and 2 are the average values at the respective endpoints of the pegging window specified, 'P' is
pressure, 'V'is volume, and 'n' is the desired polytropic coefficient. At each endpoint, a smaller window is specified
of which the average value is taken as the endpoint value (2 CAD means 2 CAD before and after a given point).

Finally, the cylinder pressure is pegged by adding P(ef to the original unpegged pressure waveform(s).
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4.4 Pressure Metrics

Several important results are derived from the pressure waveform, including peak pressure, peak pressure location,
peak pressure rise rate, peak pressure rise rate location, polytropic coefficient of compression, and polytropic
coefficient of expansion.

The TDC probe location result is calculated and recorded with the pressure metrics as it relates to the phasing of the
pressure and volume waveforms.
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4.4.1 Pressure and Pressure Rise Rate

The standard method of calculating the peak pressure and peak pressure rise rate values and locations involves
simply using the built-in LabVIEW array functions to search a pre-defined window of the pressure and pressure rise
rate arrays for the maximum values and locations.

The spline method of calculating the peak pressure and peak pressure rise rate values and locations involves
creating a splined waveform for each array that has ten times the resolution of the pressure array. The splined
waveform arrays are searched for peak values and locations using the built-in LabVIEW array functions.

Note: The spline method is very resource intensive and should be avoided on less powerful processors.
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4.4.2 Polytropic Coefficients

The compression and expansion of the gas inside the engine cylinder can be approximated as a polytropic process.

The compression and expansion of the gas obeys the relationship PraV® = € where C is a constant. Applying
the relationship to several points on the compression or expansion curve allows for the calculation of the polytropic
coefficient. The polytropic coefficient is uses in many other calculations, including heat release. Therefore, it is
necessary to calculate the polytropic coefficient.

The polytropic coefficient, n, is derived in the following equations:

Pf—l*ﬁ?iizpf*m'ﬂ

In order to calculate the polytropic coefficients of compression (PolyC) and expansion (PolyE), the associated ranges
for PolyC and PolyE must be set within the 'Pressure Metrics Settings' window of the NI CAS Software Interface.
The following methods are then available for the calculation of PolyC and PolyE.

1. The 'Point-by-Point' method uses the entire ranges specified for PolyC and PolyE. Within the ranges, the
equation for 'n' is solved repeatedly for each successive pair of discrete points. The collection of PolyC and PolyE
results is then averaged for the reported PolyC and PolyE.

2. The 'Endpoints' method uses the start and end locations of the ranges specified for PolyC and PolyE as
endpoints. In order to eliminate error caused by noise in the pressure waveform, a window around each endpoint is
specified in which the values are averaged to calculate the endpoint value (2 CAD represents 2 CAD on each side of
the given point). The equation for 'n' is solved using the endpoints resulting in the reported PolyC and PolyE.

3. The 'Power Fit,' or Least Squares Fit - Power Law, method uses the entire ranges specified for PolyC and PolyE.

Axx

» — B
As our function 1 * %" = € can be rearranged to match the form y= , the following system of equations can

be used to solve for PolyC and PolyE:

}'=A.¥H

b=ny]_ nxIny)-3,(nx) ¥ (Iny)

R Ef:l Eln X }2 - I:E':T=| In X; }2
a=3" (ny)-b3 (nx)

n

where
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4.4.3 TDC Probe

The TDC probe location is a calculation taken from the waveform generated by a TDC probe sensor used during

engine setup. The TDC probe location can be used to correctly phase the acquired engine data with engine position

and calculated volume data. The first step in calculating the TDC probe location is determining which TDC peak

in the waveform is the relevant compression TDC peak. In the case of a two-stroke engine there is only one peak.
The compression / firing TDC peak is typically the lowest of the peaks due to increased pressure in the cylinder.

Based on the selected peak, a window of the TDC probe signal surrounding the peak is selected and analyzed using

one of the following methods:

1. The standard method of calculating the peak TDC probe location involves simply using the built-in LabVIEW array
functions to search the pre-defined window of the TDC probe array for the maximum value location.

2. The spline method of calculating the peak TDC probe location involves creating a splined waveform for the array
that has ten times the resolution of the TDC probe array. The splined waveform array is searched for peak value
location using the built-in LabVIEW array functions.

3. The final method of calculating the TDC probe location, the Horizontal Cut, assumes a symmetrical profile of the
TDC probe signal. A horizontal window below the peak is selected in which numerous 'horizontal cuts' are taken.
For each cut, the crank angle, or x-axis, values at each point intercepting the waveform are taken and the midpoint is
found. The collection of midpoints for each horizontal cut are averaged, resulting in the TDC probe location.

'‘Horizontal Cut' Method
10 4
9.5 TOC Probe Signal
E o 4 TDC Probe Location
ﬁ 85 — Horizontal Cut Window
D R — e e e - = = - - Horizontal Cuts
- 75 O Intercepts
7 A Midpoints
-15 -10 -5 a 5 10 15 20 25
Engine Position (CAD)
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4.5 Mean Effective Pressure

Mean effective pressure (MEP) is a value commonly used to quantify engine load, or work output, independently of
engine size. All MEPs in this software are indicated values as the calculations are based on cylinder pressure. The

following equation is used to calculate the various MEPs1:

MEP = i
d = '[{Td

where:

W; = indicated work for a given engine revolution
Vg = displaced cylinder volume

The indicated work, W;, is calculated using the following equation1:

W, = Zp av

raw

where:
p = cylinder pressure

dV = change in cylinder volume

Gross IMEP - Gross IMEP (IMEPg) is calculated for each non-pumping engine revolution. A six-stroke engine,
therefore, will have two independent IMEPg values.

Pumping MEP - Pumping MEP (PMEP) is calculated for the pumping stroke, except in the case of a two-stroke
engine.

Net IMEP - Net IMEP (IMEP) is calculated by summing the IMEPg value(s) and the PMEP.

1. Heywood, J. B., Internal Combustion Engine Fundamentals. McGraw Hill, Inc., New York, NY. 1988.
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4.6 Motoring Pressure

The motoring pressure is modeled based on cylinder pressure, volume, valve timing, and either a constant or
calculated polytropic coefficient. The pressure is modeled assuming a polytropic pressure, as in the following
equation:

Vi_qy"
P = m,z'—l*( ;;E )

starting at the point
Pm,i-1 =Pivc
where:

Pm = motored cylinder pressure (kPa)

V = volume (m3)
n = polytropic coefficient
P\vc = cylinder pressure at intake valve closing (kPa)
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4.7 Global Gas Temperature

The global (bulk) gas temperature is modeled based on cylinder pressure, volume, valve timing, intake temperature
and pressure, exhaust temperature and pressure, residual gas fraction, and either a constant or calculated polytropic
coefficient.

T
Tz(L)*P‘*V
Pryc * Vipe

n—1
Twe =T« (1 —f) +139«T. «(P,—B) % *f
where:

T = global gas temperature
Tive, Pive, Vive = bulk cylinder temperature, cylinder pressure and cylinder volume at intake valve closing,
respectively

P = cylinder pressure

V = cylinder volume

T; = intake temperature

f = residual fraction

Te = exhaust temperature
P; = intake pressure

Pe = exhaust pressure

n = polytropic coefficient

1. Gatowski, J. A., Balles, E. N., Chun, K. M., Nelson, F. E., Ekchian, J. A., Heywood, J. B., 1984, “Heat Release Analysis of
Engine Pressure Data”, SAE Technical Paper Series 841359

2. Sharief, A., Chandrashekar, T. K., Antony, A. J., Samaga, B. S., 2008, “Study on Heat Transfer Correlation in IC Engines”,
SAE Technical Paper Series 2008-01-1816
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4.8 Injector

NI CAS Software uses a current or voltage measurement to determine the injection events. The user must specify
the type of injector used: PFI, DI, or Piezo.

Injector Current
To measure the current drawn by the injector module, attach a current probe to the to the injector wiring.

Injector
— Driver

i
[
Al +

/N

PFI Current
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Injector Current [A]
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Crank Angle [CAD]

Injector Voltage

Injector voltages vary from battery voltage to several hundred volts. Therefore, a protective circuit is needed to
prevent the high voltage from reaching the DAQ device. The operating voltage of the injectors should be verified
before connecting the injector to the DAQ device. Resistor rated above the maximum operating voltage are also
required.

Please note: Most DAQ devicess and accessories have maximum voltage limits that should be followed. Please
refer to your hardware documentation for details. IE. the SCB-68 has a maximum voltage of 48V listed in the user's
manual.
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4.9 Heat Release

The heat release rate, or dQ/dt, represents "the difference between the chemical energy or heat released by

combustion of the fuel... and the heat transfer from the system." 1

The CAS software calculates the heat release rate using several user selectable mathematical models, including:

Single Zone
Single Zone + Heat Transfer

Single Zone Dual Transducer

Single Zone Dual Transducer + Heat Transfer
Modified Rassweiler and Withrow

Pressure Ratio

For those models including heat transfer, the following correlations are available for selection:

Constant
Woschni 1967
Woschni 1990

Hohenberg

In the cases where heat transfer is neglected (adiabatic), the polytropic process is considered reversible and
therefore isentropic. If an ideal gas is assumed, the polytropic coefficient is constant and equal to the ratio of

specific heats (¥ = n). 2 However, when heat transfer is calculated, the following polytropic correlations are available
for selection:

Hayes
Indolene

Propane
Custom

Note: Whenever heat transfer is being calculated, the '‘Gas Temp' calculations must be enabled in the Calculations
subhost.

1. Heywood, J. B., Internal Combustion Engine Fundamentals. McGraw Hill, Inc., New York, NY. 1988.
2. Russel, L. D., and Adebiyi, G. A., Classical Thermodynamics. Saunders College Publishing, Fort Worth, TX. 1993.
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4.9.1 Heat Release Models
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4.9.1.1 Single Zone

dQ ( 1 ) v dP+ n ) p dV
— = ¥ Vx—+|—— % Ps—
d8 -1 dgd ‘n-—-1

where:

dQ/d#8 = rate of heat release

n = polytropic coefficient

V = cylinder volume

dP/d® = cylinder pressure derivative with respect to (w.r.t.) crank angle
P = cylinder pressure

dV/d8 = cylinder volume derivative w.r.t. crank angle

1. Grimm, B. M., Johnson, R. T., 1990, “Review of Simple Heat Release Computations”, SAE Technical Paper Series 900445.
2. Cheung, H. M., Heywood, J. B., 1993, “Evaluation of a One-Zone Burn-Rate Analysis Procedure Using Production Sl
Engine Pressure Data”, SAE Technical Paper Series 932749.
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4.9.1.2 Single Zone + Heat Transfer

ﬂ_(i)*p*E_F(L)*P dV+thr

a6 \y—1 a6 \y—1/"" "4 " as
d

ﬂ?;tzh*ﬂ“*(T_Tu}

where:

dQ/df = rate of heat release
y = ratio of specific heats, cp/cy
V = cylinder volume

dP/df = cylinder pressure derivative w.r.t. crank angle

P = cylinder pressure

dV/d#8 = cylinder volume derivative w.r.t. crank angle
dQpi/d8 = heat transfer derivative w.r.t. crank angle

h = heat transfer coefficient

Ay = cylinder wall surface area

T = cylinder global gas temperature
T = cylinder wall temperature

1. Gatowski, J. A., Balles, E. N., Chun, K. M., Nelson, F. E., Ekchian, J. A., Heywood, J. B., 1984, “Heat Release Analysis of

Engine Pressure Data”, SAE Technical Paper Series 841359.

2. Hayes, T. K., Savage, L. D., Sorenson, S. C., 1986, “Cylinder Pressure Data Acquisition and Heat Release Analysis on a

Personal Computer”, SAE Technical Paper Series 860029.
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4.9.1.3 Single Zone Dual Transducer

qQ [ 1 APy dB,, n Ve
E_(n—i)*(v’“‘* a5V g )+ (o) *Pre <

where:

dQ/d#8 = rate of heat release

n = polytropic coefficient

Ve = main chamber volume

dPy/d8 = main chamber pressure derivative w.r.t. crank angle
Vpc = pre-chamber volume

deC/dB = pre-chamber pressure derivative w.r.t. crank angle
Pmnc = main chamber pressure

dVp/df = main chamber volume derivative w.r.t. crank angle

1. Grimm, B. M., Johnson, R. T., 1990, “Review of Simple Heat Release Computations”, SAE Technical Paper Series 900445.

© National Instruments. All rights reserved. 141



NI Combustion Analysis System Software for LabVIEW
User's Manual

4.9.1.4 Single Zone Dual Transducer + Heat Transfer

d 1 dP,. dP, dv,. d
o () (o e ) () e B

a8 \y—1 ag Pt ae ) T\y—1 a8 ' de
aQy

dar: h*ﬂ“* (T_T'u,}

where:

dQ/d® = rate of heat release

n = polytropic coefficient

Vme = main chamber volume

dPp/dB = main chamber pressure derivative w.r.t. crank angle
Vpc = pre-chamber volume

deC/dB = pre-chamber pressure derivative w.r.t. crank angle
P = main chamber pressure

dV/d8 = main chamber volume derivative w.r.t. crank angle
dQpt/d8 = heat transfer derivative w.r.t. crank angle

h = heat transfer coefficient
A = cylinder wall surface area

T = cylinder global gas temperature
Tw = cylinder wall temperature

1. Grimm, B. M., Johnson, R. T., 1990, “Review of Simple Heat Release Computations”, SAE Technical Paper Series 900445.
2. Gatowski, J. A., Balles, E. N., Chun, K. M., Nelson, F. E., Ekchian, J. A., Heywood, J. B., 1984, “Heat Release Analysis of
Engine Pressure Data”, SAE Technical Paper Series 841359.
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4.9.1.5 Modified Rassweiler and Withrow

@_(1) dP,

Fr R ey AT

dP. (Tﬂ-_l)”
ag Pty

L
where:

dQ/df = rate of heat release

n = polytropic coefficient

V = cylinder volume

dP./df = cylinder pressure change due to piston motion and heat release w.r.t. crank angle
P = cylinder pressure

1. Grimm, B. M., Johnson, R. T., 1990, “Review of Simple Heat Release Computations”, SAE Technical Paper Series 900445.
2. Rassweiler, G. M., Withrow, L., 1938, “Motion Pictures of Engine Flames Correlated with Pressure Cards”, Society of
Automotive Engineers, Paper 380139.
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4.9.1.6 Pressure Ratio

dQ P NMEPxV,

g B, dg

where:

dQ/d#8 = rate of heat release

P = cylinder pressure

P, = motored cylinder pressure

NMEP = net (indicated) mean effective pressure
V4 = displaced cylinder volume

d# = crank angle differential

V = cylinder volume

n = polytropic coefficient

1. Sellnau, M. C., Matekunas, F. A., Battiston, P. A., Chang, C. F., Lancaster, D. R., 2000, “Cylinder-Pressure-Based engine
Control Using Pressure-Ratio-Management and Low-Cost Non-Intrusive Cylinder Pressure Sensors”, SAE Technical Paper
Series 2000-01-0932.
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4.9.2 Heat Transfer Correlations

© National Instruments. All rights reserved. 145



NI Combustion Analysis System Software for LabVIEW
User's Manual

4.9.2.1 Constant

This setting uses a constant user input for the heat transfer coefficient in units of W/mZ-K.
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4.9.2.2 Woschni 1967

_ 326
T (6% N)

« 02  pOB, T—0:55 ., 08

—_— FE*TWI'__
r=0y x5+ 0 ————= (P — P
" Lor ‘*PNI‘:*UNI‘_‘*( )

Gas Exchange

C1=6.18

Co=0

Compression

C1=228

Cr=0

Combustion and Expansion
C1=228

Cy=3.24x107

where:

h = heat transfer coefficient (W/m2-K)
N = engine speed (RPM)

B = cylinder bore (m)

P = cylinder pressure (kPa)

T = cylinder global gas temperature (K)
w = mean cylinder gas velocity (m/s)
Sp = mean piston speed (m/s)

Vp = displacement per cylinder (m3)

V = cylinder volume (m3)

Pm = motored cylinder pressure (kPa)

n = polytropic coefficient

Tives Pives Vive = bulk cylinder temperature, cylinder pressure and cylinder volume at intake valve closing,
respectively

1. Heywood, J. B., Internal Combustion Engine Fundamentals. McGraw Hill, Inc., New York, NY. 1988.
2. Woschni, G., 1967, “A Universally Applicable Equation for the Instantaneous Heat Transfer Coefficient in the Internal
Combustion Engine”, Society of Automotive Engineers, Paper 670931.
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4.9.2.3 Woschni 1990

This modified version of Woschni's correlation1’2 takes part load operating conditions into account3:

w=Cy*5px 1+2(an“) *IMEP-M]
UIVI‘_'

when
Vp * Tye — (VTIJI::)2 -
Cop—————%(P—P 1 =2%xCy=x58 IMEpP—22
‘*PNC*UNE*( m) 2 2% CxSpx Vive ’
where:

w = mean cylinder gas velocity (m/s)
Sp = mean piston speed (m/s)

V1Dc = cylinder clearance (squish) volume (m3)

Tive, Pives Vive = cylinder global gas temperature, cylinder pressure and cylinder volume at intake valve closing,
respectively
IMEP = indicated mean effective pressure (kPa)

Vp = displacement per cylinder (m3)

P = cylinder pressure (kPa)
Pm = motored cylinder pressure (kPa)

1. Woschni, G., 1967, “A Universally Applicable Equation for the Instantaneous Heat Transfer Coefficient in the Internal
Combustion Engine”, Society of Automotive Engineers, Paper 670931.

2. Sihling, K., Woschni, G., 1979, “Experimental Investigation of the Instantaneous Heat Transfer in the Cylinder of a High
Speed Diesel Engine”, Society of Automotive Engineers, Inc., Paper 790833.

3. Huber, K., Woschni, G., and Zeilinger, K., 1990, "Investigations on Heat Transfer in Internal Combustion Engines Under
Low Load and Motoring Conditions," Society of Automotive Engineers, Inc., Paper 905018.
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4.9.2.4 Hohenberg

494
(6% N)

w006 pOB 704, (5, 4+ 1.4)08

where:

h = heat transfer coefficient (W/m2-K)
N = engine speed (RPM)

V = cylinder volume (m3)

P = cylinder pressure (kPa)
T = cylinder global gas temperature (K)
Sp = mean piston speed (m/s)

1. Hohenberg, G. F., 1979, “Advanced Approaches for Heat Transfer Calculations”, Society of Automotive Engineers, Inc.,
Paper 790825.
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4.9.3 Polytropic Correlation
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4.9.3.1 Hayes (SAE860029)

his]

|
[
x|

T < 1000K
q =(36359—-133735+10 3« T+3.29421 «107 %+« T2 — 19112« 107 « T3 + 0.275462
#1072 « T4« R

T = 1000K
C, = (3.04473 + 1.33805 « 1073« T — 0.488256  107° « T2 + 0.0855475 » 10 %« T3
— 0.005701327 * 1072 « T*)x R

where:
y = ratio of specific heats

T = cylinder global gas temperature (K)
Cp = specific heat for constant pressure

R = the universal gas constant

1. Hayes, T. K., Savage, L. D., Sorenson, S. C., 1986, “Cylinder Pressure Data Acquisition and Heat Release Analysis on a
Personal Computer”, SAE Technical Paper Series 860029
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4.9.3.2 Indolene (SAE841359)
¥y =1392 —8.13 = 1075 T

where:

y = ratio of specific heats
T = cylinder global gas temperature (K)

1. Gatowski, J. A., Balles, E. N., Chun, K. M., Nelson, F. E., Ekchian, J. A., Heywood, J. B., 1984, “Heat Release Analysis of
Engine Pressure Data”, SAE Technical Paper Series 841359
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4.9.3.3 Propane (SAE841359)
¥y=1375—-699 1075« T

where:

y = ratio of specific heats
T = cylinder global gas temperature (K)

1. Gatowski, J. A., Balles, E. N., Chun, K. M., Nelson, F. E., Ekchian, J. A., Heywood, J. B., 1984, “Heat Release Analysis of
Engine Pressure Data”, SAE Technical Paper Series 841359
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4.9.3.4 Custom

The custom option for the polytropic correlation allows the user to input values for coefficients a and b to be used in
the following linear correlation:

where:

y = ratio of specific heats
T = cylinder global gas temperature (K)

© National Instruments. All rights reserved. 154



NI Combustion Analysis System Software for LabVIEW
User's Manual

4.9.4 Start and End of Combustion

A precise definition of the start of combustion (SOC) and end of combustion (EOC) is required for accurate
calculation of the mass fraction burned (MFB) crank angle locations. The SOC and EOC are used to define a
window over which the cumulative heat release is calculated from the heat release rate (HRR) waveform. The
following methods are used to define these locations:

Start of combustion (SOC)

. Constant - Defines a constant crank angle (DATDC) as the SOC.

. N Below Zero - Sets a crank angle (DATDC) to begin looking for a negative zero crossing in the HRR waveform.
After 'N' points are found past the negative zero crossing, the crossing is confirmed to be the SOC.

3. Boxcar N Below Zero - Same definition of 'N Below Zero', except that a Boxcar filter of window 'N' is applied to
the HRR waveform. Also, rather than using 'N' points to confirm the crossing, the first negative zero crossing is
taken as the SOC.

4. N Above Zero - Sets a crank angle (DATDC) to begin looking for the last positive zero crossing in the HRR
waveform. After 'N' points are found past the positive zero crossing, the crossing is confirmed to be the SOC.

5. Boxcar N Above Zero - Same definition of 'N Above Zero', except that a Boxcar filter of window 'N' is applied to

the HRR waveform. Also, rather than using 'N' points to confirm the crossing, the first positive zero crossing is

taken as the SOC.

N —

The following figure represents both the 'N Below Zero' and 'N Above Zero' conditions for calculating the SOC,
where 1 <N < 6.

HRR
14
12 l

10

[
[ ——
_-_-_-—‘-—-

i |

d) N Above Zero

Heat Release Rate (J/ICAD)

2

L%
'N' not satisfied N Below Zero

20 -18 16 14 12 -10 8 6 -4 2 0
Engine Position after TDC (CAD)

End of combustion (EOC)
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1. Constant - Defines a constant crank angle (DATDC) as the EOC

2. N Below Zero - Sets a crank angle (DATDC) to end looking for the first negative zero crossing in the HRR
waveform. After 'N' points are found past the negative zero crossing, the crossing is confirmed to be the EOC.
If a negative zero crossing is not found, the 'End Angle' will be used as the EOC.

3. Boxcar N Below Zero - Same definition of 'N Below Zero', except that a Boxcar filter of window 'N' is applied to
the HRR waveform. Also, rather than using 'N' points to confirm the crossing, the first negative zero crossing is
taken as the SOC.
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4.10 Combustion Noise

Combustion noise is calculated based on the power level (dB) from the cylinder pressure waveform using the
following steps:

N —

B w

. Converting the cylinder pressure waveform from the engine-position domain to the time domain
. Converting the cylinder pressure signal from the time domain to the frequency domain using Fast Fourier

Transform (FFT)
Converting the cylinder pressure frequency domain into a third-octave spectrum to simulate analog devices

Filter the spectrum for human auditory attenuation using the A-weighting curve2 and for engine structure
attenuation using the SA1-7dB?”4 curve (Lucas plot).

. Scarpati, J., Wikstrom, A., Jonsson, O., Glav, R., Handel, P., and Hjalmarsson, H., 2007, "Predication of Engine Noise

using Parameterized Combustion Pressure Curves", SAE Technical Paper Series 2007-01-2373.

International Electrotechnical Commission, "Electroacoustics - Sound level meters," IEC 61672, 2003.

Herbert, A., and Russell, M., 1982, "Measurement of Combustion Noise in Diesel Engines", Mechanical Engineering
Technology.

Reinhart, T., 1987, "An Evaluation of the Lucas Combustion Noise Meter on Cummins 'B' Series Engines", SAE Technical
Paper Series 870952.
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4.11 Misfire

The misfire calculation returns a Boolean output (0 or 1). The calculation is based on one of the following misfire
threshold (kPa) comparisons:

1. Peak Pressure < Misfire Threshold
2. Net Mean Effective Pressure = NMEP < Misfire Threshold
3. Combustion Pressure = Cylinder Pressure - Motored Cylinder Pressure < Misfire Threshold
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NI CAS Software uses a digital signal with rising and falling edges to determine the cam phasing. The user must
specify the edge count, location (CAD), and whether each edge is rising or falling. The user specified pattern is

4.12 Cam

NI Combustion Analysis System Software for LabVIEW

User's Manual

compared with the actual pattern to determine the cam advance or retard. The user specified position is usually the

default cam position or the position where the cam returns without power.

Crank &ngle - [CAD]

== Cam Settings I. =] |m€3"'l
Cylinder| 1 ©
1_ e
| Setup |
0.8~
£ B Edge Count
6= —
b | Falling |  -233
£ 153
0,2~ | Falling |  -133
0 57
_' ' i ' ' ! ] ! | Falling | | 247
-360  -300 -200 -100 0 100 200 300 360 baomd
Crank Argle - [CAD] 297
| Setup
£ B Edge Count
L
5 -357
=% .
= | Falling |  -167
£ _Falling |
B 17
| Falling | | -67
0] ] 1 I i i i i i T 123
-360  -300 -200 -100 0 100 200 300 360 :"'%_] -
Samslifinie
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4.13 Synchronous Pump

NI CAS Software uses a digital signal with rising and falling edges to determine the start, end, and duration of

multiple pulses over the span of one engine cycle. The number of pulses is reported along with the start, end, and
duration for each pulse.

#

s Blot - Synchronous Pump
TR .
Cyl2
Cyl3
Cyld
g

Synchronous Pump - [ ]

I I I | ] I I I | I ] I I
=250 -200  -150  -100  -50 1] an 100 150 200 250 30 359

I
-300

T
-3a0

Crank Angle - [CAD]
)
©
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4.14 PWM

NI CAS Software uses a digital signal with rising and falling edges to determine the frequency and duty cycle of a
PWM signal. The frequency is calculated using the rising edges of the signal. The duty cycle is calculated using the
ratio of signal high time compared to the time between rising edges. The cycle results are averaged over the entire

cycle.

Note: The sample rate of the system must be much greater than the PWM frequency to get accurate results.

UWUUU

I I I I I 1 ] ]
-174.641 -1a0 -140 -120 100 -8 -l -43,5026
Crank Angle - [CAD]

= Plot - PWM

7 pard I

Cylinder | 1 Q
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4.15 Knock

NI CAS Software uses the Bandpass, Rectify, Integrate, Compare (BRIC) knock detection method. This method
requires the user to define calibration windows where there is little electrical and mechanical noise. The user also
must provide cutoff frequencies for the bandpass filter (2nd order Butterworth 1IR), which allow the fundamental
frequencies of knock to pass but not background noise. The last required user input is the threshold where the raw
knock intensity is considered to be knock.

Reference Knock

AANANANANA VN AAAA
¢ Bandpass
Filter

AV
Rectify

= = =

——y
.

M‘-M

-

I IR ¢ (K Integrate

K
C — -Threshold = Knock Compare

IR
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4.16 Spark

NI CAS Software uses a current or voltage on the low side of primary ignition coil to measure the spark event and
spark dwell.

Spark Current
To measure the current drawn by the spark module, attach a current probe to the low side of the primary ignition coil.

Ign Coll
+ ETI
T 8
Spark =3 S
J— Driver | E g
— — K
e o

+_C"_‘)

Al

The signal should be similar to the following.
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Crank Angle [CAD]
Spark Voltage

The low side of the primary ignition coil can reach 400V. Therefore, a protective circuit is needed to prevent the high
voltage from reaching the DAQ device. A zener diode with a breakdown voltage of 1/2 the maximum analog input
voltage is required (10V ADC = ~5V zener diode). A resistor rated above 400V is also required. It should be sized to
limit the current flow to the zener diode (100 k(2 and 1/4 W).

Please note: Most DAQ devices and accessories have maximum voltage limits that should be followed. Please

refer to your hardware documentation for details. IE. the SCB-68 has a maximum voltage of 48V listed in the user's
manual.
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Ign Coil

Spark
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E Driver
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The signal should be similar to the following.
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4.17 Custom User Vis

While NI CAS Software incorporates many well known calculations and processing operations useful for combustion
analysis, inevitably each project is different and may require calculations not included in NI CAS Software by default.
To accommodate this, NI CAS Software has the ability to execute custom user programmed Vls in three different
locations: processing, heat release, and calculations. Processing algorithms are intended to manipulate waveforms,
e.g., cylinder pressure pegging, before other calculations are performed. Custom heat release allows the user to

designate a non-standard model for heat release. Finally, the outputs of user calculations are scalar values for
which statistics are automatically calculated.

User Templates

In order to ensure successful integration of a custom user VI, user VI templates must be used as a starting point for
all custom user VlIs. User VI templates are included with the installation of NI CAS Software in the example project
as well as the following location in the LabVIEW directory:

\...\examples\Combustion Analysis\

Note: The LabVIEW development environment is required to create a custom user VI

Custom Application: Cumulative Heat Release
In this application, the user desires to calculate the cumulative heat release in Joules for one cycle of combustion.

Mathematically, this is done by integrating calculated heat release rate (dQ/d@) between the defined start of
combustion (SOC) and end of combustion (EOC), as in the following equation:

EQC
aQ
Q= — de
LoC df

The following steps were accomplished to achieve this goal:

1. Open the template for custom user calculations in the Combustion Analysis examples folder. The block diagram
should appear as follows:
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&

m CAS - Calculations - User - Template.vi Block Diagram | = | = £

|
CALCE

File Edit Wiew Project Operate Tools Window Help

o || @ 15pt Application Font |~ ||E,;v o~ | |@v ||1-‘ﬂ »| Search 4 |
Engine Geometry Results 1
All S-EtLIFI FESULTE I
Initialize - ] User Results
Volume F{esults A
All Results Te=2¥ y
Cycle Waveforms
Cycle Data =
error] ==zt vz ferror
L | ] | F

User Calculations Template

2. Use the 'Unbundle by Name' function from the 'Cluster, Class, & Variant' function palette to unpack the following
inputs:

e Cycle Waveforms \ Heat Release Rate [J/CAD]
o All Setup \ Engine Geometry Setup \ Rotations Per Cycle
¢ Engine Geometry Results \ Sample Resolution [ppr]

Cycle Waveforms Lot B [ [Heat felease Fate [/ CAD]|

All Setup o= Bemmeeted | Engine Geometry Setup.Rotations Per Cycle|

Initialize [[TEX e User Reshe
Volume Resultsﬁ 5‘\-‘55 ._l
All Results =2t h
Cycle Datai E‘-_"LE
== (¥ ] Jerror

Unbundling calculation inputs

3. Create start and end of combustion constants in degrees after top dead center (DATDC), then convert them to
array indices using the 'Rotations Per Cycle' and 'Sample Resolution' inputs.
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S0C (DATDC) |-20 ] =)
EQC (DATDC) |60 —+] 1]

180 E
=|-b |Engir1e Geometry Setup.Rotations Per Cycle 350 Samples/deg

1 ]
m|-> |Sar‘r1p|e Resolution [ppr]I

Defining and converting SOC and EOC to indices

Note: Waveform array indices start with '0" at 180 (2-stroke) or 360 CAD (4+ stroke) before compression TDC. For
example, with a 3600 pulse-per-revolution encoder on a 4-stroke engine, the indices will range from 0 to 7200, with
3600 being compression TDC.

Sample Resolution
3ol deg

Index = [DATDC + (180 or 360)] =

4. Index an array subset from the heat release rate waveform, starting with the SOC and ending at the EOC (with
duration EOC-SOC). This array subset corresponds to the period during which combustion is occuring. Using a For
Loop, this discrete subset can be integrated using shift register terminals and an add block. The result is the scalar
value for cumulative heat release in Joules.

: I I
Bl 3@ [

50C (DATDC) [-20 T 7 [
EQC (DATDC) [60 SER=r 1+
[ 1
180 E
Reotations Per Cycle 35.3 ......... Samples/deg
--

sclution [ppr]

Indexing the heat release waveform and calculating the integral

5. Pack the scalar result and value name into a cluster using the 'Bundle by Name' function block and typedef
provided. Convert the bundle to an array of bundles and connect this to the 'User Results' indicator.

F.Esuus_':
l USE“ I:.'Illlll

SEHE

ICumuIative Heat Release [J] I Nare

e |
[ le=s boa i) | User Results

|
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Packing outputs into an array of bundles

6. Use the 'Save As..." function to save your VI as a copy, renaming the new variant so that the template is not
overwritten. Finally, select your VI in the 'Calculations' subhost of NI CAS Software and view the result in the 'User’
table.

L= il

s Calculations

Dizakled |User Process

Basic

MEP

Motoring

Gas Termnp
In_iector

Heat Release
Moise

Misfire

Cam

Pump

PUM

Knock

Spark

Medium Speed
User Calculations @’

g MG ACAS - Calculations - User - =0
Cumulative Heat Releasewvi

. A

Selecting and enabling User Calculations
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s Table - Uszer | = | =l | 2 |
Cyll Cyl2 Cyl 3 Cyl4 Aug ﬂ
Cumulative Heat Release [J] 303.89 | 30299 (30191 | 30555 |[303.59
Cumulative Heat Releaze [1] (Mean) 304.3 3046 30489 | 30498 | 304.69
Cumulative Heat Release [J] (Max) 3028 | 31007 | 30997 | 31094 | 310.27
Cumulative Heat Release [J] (Min) 2974 298 29892 | 29744 | 29794
Cumulative Heat Release [J] (507 30359 | 3.0969 | 26701 | 3.0543 | 29843
Cumulative Heat Release [1] (COV) 0.009976) 0.010167| 0.008757) 0.010015 U.UUQ?}EH
(V| Show Statistics | @

Viewing User results

User's Manual
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5. Post Processing
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5.1 NI CAS Software File Structure

Groups-Channels
Volume

* Crank Angle

* Volume

» dVolume

* Cylinder Area

User Properties

File Settings

Basic Settings

Cam Settings

*0...15

Filter Settings

*0...15

Engine Geometry Setup
Synchronous

* Time

* AIO...15

+ TDC

* Data

* Reduced Resolution
* Reserved

*DI4...15

* DI Data

Heat Release Settings
Injection Settings
Knock Settings
*0...15

Misfire Settings
Pegging Settings

Gas Temperature Settings

Separate Settings
TDC Offset Settings
Asynchronous

* Time

Use
R-S
R-S
R-S
R-S
R-S
C

z

THOOOOOOO0OO0O0ITOOO
Q
O

Description

Pre-calculated volume related waveforms
Cycle crank angle

Cycle volume

Cycle volume derivative
Cycle cylinder area

User specified properties

File settings

Basic settings

Cam settings

Cam settings for each cylinder
Filter settings

Filter settings for each filter
Engine geometry setup
Engine synchronous data
Sample timestamp
Synchronous channel

Digital channel setup

Digital channel setup

Digital channel setup

Digital channel setup

Digital channel setup

Digital channel data in bit field
Heat release Settings
Injection Settings

Knock Settings

Knock settings for each cylinder
Misfire settings

Pegging settings

Gas temperature settings
Separate settings

TDC offset settings
Asynchronous data

Sample timestamp
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+ TDC

* Data

* Reduced Resolution
* Reserved
*DI4...15

* DI Data
Medium Speed
* Time

* AlO...

FPGA

* Time

*ID

* Data

* AlO...

User Setup
Cycle

* Time

» Speed

* Cycle

Slow Speed

* Time

* AlO...

Array Data - 1...

* Crank Angle
* AlO... - O...

Synchronous Waveforms - 1...

* Crank Angle
* AlO...

Asynchronous Waveforms - 1...

* Crank Angle
* AlO...

Calculation Waveforms - 1...

R-C-N
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Synchronous channel
Digital channel setup
Digital channel setup
Digital channel setup
Digital channel setup
Digital channel setup
Digital channel data in bit field
Medium speed data
Sample timestamp
Medium speed channel
FPGA data

Sample timestamp
Sample ID

Sample Data

FPGA channels

User defined calculation setup
Cycle properties

Cycle start timestamp
Previous cycle speed
Cycle number

Slow speed data
Sample timestamp
Slow speed channel

Post process cycle-by-cycle waveforms for
each cylinder

Cycle crank angle
Cycle-by-cycle data

Engine synchronous ensemble averages for
each cylinder

Cycle crank angle
Ensemble average waveform

Asynchronous ensemble averages for each
cylinder

Cycle crank angle
Ensemble average waveform

Calculated ensemble averages for each
cylinder
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« AlO... S-N

Calculation Results - 1... S

« AlO.. S-N
R = Raw Data

S = Summary Data

C = Configuration Properties
O = Optional

N = Names Vary
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Cycle crank angle
Ensemble average waveform
Calculated results for each cylinder

Calculated values
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5.2 Summary Files

Summary files contain all the calculated results and ensemble averages for all the waveforms.

Opening Summary Data Files
1. Determine the file version and if it is a raw or summary file.
2. Read configuration data.
a. General settings are found at the group level.
b. Channel settings are found at the channel level.
3. Read ensemble averages for desired cylinder
4. Read calculated results for desired cylinder
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5.3 Raw Files

NI CAS Software includes several SubVIls to handle all the raw opening and processing. These subVIs are are
part of an example application that can be used to view raw data files. Please note that the raw data files start at
an arbitrary crank angle and must be aligned using data encoded in the file. The files store data as it is read from
the device. Therefore, the individual cylinder offsets must also be accounted for. In the figure below, cycle X is the
first available cycle. LabVIEW VIs and examples have been provided to allow easy access to the cycle by cycle
data without any need to know the specifics of the encoded data. Please note that the data in the files is stored as
voltages and must be scaled and pegged (when appropriate) to be useful.

| Stream Data R

Units

Cycle X-1 Cycle X Cycle X+1

\ \ \

NEEVAN

-360 0 360 720 1080 1440 1800
CAD

Opening Raw Data Files
1. Determine the file version and if it is a raw or summary file.
2. Read configuration data.
a. General settings are found at the group level.
b. Channel settings are found at the channel level.
3. Determine the TDC offsets
a. Use the first bit of "DI Data" ("TDC") to get the global TDC offset.
b. Use "Engine Geometry Setup" properties to determine resolution and cylinder TDC offsets.
c. Use the third bit of "DI Data" ("Reduced Resolution") to reconstruct asynchronous data.
4. Decode "Data" to determine cycle speed, time, and cycle number.
5. Use engine synchronous or asynchronous timestamps to reconstruct FPGA and medium speed data.
6. Separate different types of data for each cylinder.
7. Apply channel gains and offsets to get to engineering units.
8. Apply calculations to get results.

Raw File Viewer
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1. Make sure the Activation indicator is green.

2. Select a raw file to open.

3. Slide the cycle selector to the desired cycle.

4. Select a cylinder to display.

5. Select the appropriate tab to view and change settings.

43 DCAT - Post Process - Raw File Viewervi o]

Setup Synchronous Asynchronous [ Medium Speed FPGA Calculations ] Trends

Settings AlData DI Data

[@] MAP - kPa

[#] CylPressL- kPa
7] RailPress - MPa
7] SparkCurl- A

7| njectionCurl - A
7] RailCur - &

7] Knack12-V

7] SparkCoill - V.

[7] InjectionVL -V

o y y y i y ] ] D
360 d -250 201 g 101 50 0 50

3 Crank Angle [CAD] 4

et | H@ol \

— Cycle® =
OpenFile | CAData\DRVN_022MAP0303 035 tdms 0 Cylinder 1 [+] 247258 Speed [RPM)

-~

Activated }

B

Ext J 21016 21250 21500 21750 22000 22250 22500 22750 22940|21270 284142000179025  Time [ns]
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National Instruments provides a free Microsoft Excel plug-in that imports TDMS files. Importing a file creates a

multi-page spreadsheet with all the data stored in the file. The first page contains a summary of all the groups and

channels. Each group has a page where each column is a channel of data. Please note that Microsoft Excel 2003 is

limited to 256 columns and 65536 rows. Therefore, the custom properties (displayed in the first 2 rows on the main

page) which contain all the calculation configuration information may need to be turned off. Raw data channels may

also be too long and will be truncated.

.
) mie £t Vew [nsert Fomat Took Dats Window Hep - .8 %
OFEHRD SR VE S LB-F 98-8 5w -@ Fiaa -w By EEE s EHEEES O-%-A- §
(] (] Aoeutt o
REE] - &1
| A B | | D E | F G H J K B ™y
1 Root Name Title Author Date/Time Groups Description =
2 |Summary_001 3
3
4 |Group Channels  Description
5 |Cylinder_1
6 Ensemble Average 11
7 :
8
9 Cylinder_1
10 Channel Datatype  Unit Length Minimum Maximum | Description Cosfficient of Variance Mean NI_AmayColumn | Standard Deviation | Start Index
11 Peak Pressure [kPa abs] DT_FLOAT 100 5130 849976, ©£193 100342 2 841693711 5638 233765 0 198 5931473
12 LOC PP [CAD] DT_FLOAT 100 15 5.25 28 26742744 1.815000057 1 0.684071794
13 PolyC DT_FLOAT 100 0.985251635 1079280943 1.076011777 1.037295341 2 0.014881893
14 PolyE DT_FLOAT 100 0884210223 1.106829375 28040151  1.00090473% 3 0.037420694
15 |Imtake Pressure [kPa abs] DT_FLOAT 100 40.03009701 109 6437002 9.226884842 T75.88676262 4 9335978508
16 Exhaust Pressure [kPa abs] DT_FLOAT 100 57 17280006 129 7143835 7633623362 93.58624643 5 9.525361776
17 Max Press Rise [kPa/CAD] DT _FLOAT 100 7392883301 1264 801025 8.340785265 978.3118286 § 108.7985229
18 MPR Location [CAD] DT_FLOAT 100 075 15 7425747871 0.757499993 7| 0.075000057
19 IMEP [kPa] DT_FLOAT 100 204 4370499 241 8543091 2538683426 2218386811 8 T.656934977
20 PMEP [kPa] DT_FLOAT 100 -26.38108921) -13 73475409 -8.221258879  -20.537148 9 2251216114
21 \NMEP [kPa] DT_FLOAT 100 1866294708 2199280243 2495105982 201.301506 10 6.696914434
22 5% MRB [CAD] DT_FLOAT 100 -0.292098999 0207183838 6304363632 0.063247835 11 0.053164981
23 10% MFB [CAD] DT_FLOAT 100, 0.032730103] 0311576843 2280360746 014106125 12 0.042889405
24 150% MFB [CAD] DT_FLOAT 100 0.538764954 1210093267 13.27857399  0.74751547 13 0132345859
25 75% MFB [CAD] DT_FLOAT 100 0852653503 2903182983 2602818775 1.385801017 14 0.480931833
26 90% MFB [CAD] DT_FLOAT 1000 1.112411499  19.8550415 75.08928108 2982174933 15 2985724926
27 'Max HRR [CAD] DT_FLOAT 100 63.28506088) 1264829178 9.724574804  91.42874336 16 1185474157
28 |LOC Max HRR [CAD] DT_FLOAT 100 -268 875 -254.625 -1.882509649 .263.4000092 17 661137414
29  Misfire DT_FLOAT 100 0 a L] (] 18 0
30 Cycle Number DT_FLOAT 100 333525 33426 75 0.048874358 33389625 19 21.75861883
31 Speed DT_FLOAT 100 1124898102 1127 586456 0.035156094  1126.359283 20 057303249
32 Message DT_STRING 100 0fmn
| 33 |Error DT_STRING 100 :!J
ETH|
35 Ensemble Average
36 |Channel Datatype  Unit Length Minimum Maximum Description N/|_AmayColumn Start index
37 Pcyl - [kPa]_1 DT_FLOAT 720 0
38 Inject_Current - [A]_1 DT_FLOAT 720 1
39 Rail_Pressure - [bar] 1 DT_FLOAT 720 2
40 Temperature - [K]_1 DT_FLOAT 720 3
41 Heat Release - [JICAD]_ 1 DT_FLOAT 720 4
42 MFB [Fraction] 1 DT_FLOAT 720 5
v
\:ﬁi + )\ Summary_001 (root) { Cylnder_1 / Ensemble Average / |<] »|
Ready NUM

Opening TDMS Files in DIAdem

DIAdem is a power full tool for viewing, analyzing, and presenting data. When DIAdem is installed, double clicking on

a tdms file will open it in DIAdem.
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Data Portal: Internal Data
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Converting TDMS Files to Other

Formats

User's Manual

TDMS files can be converted to other formats and opened in a variety of interfaces. Many resources are available on
at http://www.ni.com/. The NI CAS Software comes with an application to convert a group or folder of files from the

TDMS format to text files. Due to the change in how data is being stored, text files will take ~10 times the disk space
as the TDMS files. See Batch Processing for more details.
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5.5 Batch Processing

Batch Process Raw Files to Summary files
NI CAS Software contains an application to process raw files to summary files. The application can process up to 8
files in parallel. The user selects a source folder and the desired files to process. The summary files are placed in the

specified folder.

ﬂ Batch Process Raw Files

1]

Raw Data Folder
Ci\Data

Filker
bdmisd

=3

Files Selected

Refresh 2

Select all

|

Deselect Al J

|
|

4.

Surmmary File Qutput Folder
Cii\Data

¥

I Keep Directary Struckure I I array Data ‘

Prefix Suffix

E&f&% [ Process Files

[ Exit ]

1, Select the data for conversion, Select the "Raiw Data Folder”,
This is the root Folder that contains all the raw data Files vou wish
to convert, Edit the file name "Filker” if needed. Its default setting
is to find all TOMS files, Select the indivigual files From the list of
"Files" using the standard windaws selection method. Hald Cerl ko
select multiple kems and Shift o select a range of items. You may
also "Select Al" and "Deselect all",

2, Set the "Summary File Output Folder”, You have the option to
"Keep Direckary Struckure” of the "Raw Data Folder”. You may also
turn on the options to convert the summary files to "Text Files" ar
create "Array Files" containing all the processed array data For all
the cycles, The "Prefix" and "Suffix" are appended to the name of
hke raw data file to create the name of the summary data file,

3, IF DCAT is "Activated”, the files may be processed, When the
"Process Files" button is pressed, all of the selected raw data files
will be porcessed, The "Current File", "File Porgress", and "Total
Progress" may provide feedback on the status of the conversions.
The porcess may take 1-2 min for each 100ME of raw data. There
is not way to stop the pracess after it skarts,

4, Exits the WI,

Batch Process TDMS files to Text files
NI CAS Software contains an application to process TDMS files to text files. The application can process up to 8 files
in parallel. The user selects a source folder and the desired files to process. The summary files are placed in the

specified folder.

User's Manual
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T3 Batch Process TDMS Files ta Text Files

1,

Raw Daka Folder
C:\Data

Filker
dms$

[1 DRYM_0Z2MAP0303_035.tdms
i DEEMAPDZI0 kdrfis:

Refrash

=3

Files Selected
2

Select Al l I

Deselect Al

Summary File Qutput Folder

CiiData
Keep Directary Structure I

Prefix Suffix

I Process Files ]

[ Exit ]

1. Select the data For comversion. Seleck the "Raw Data Folder”,
This is the root Folder that contains all the raw data files vou wish
to conwert, Edit the File name "Filker" if needed. Its default setting
is to find all TDMS files, Select the indivigual files From the list of
"Files" using the standard windows selection method. Hald Ctrl to
select multiple items and Shift to select a range of items, You may
also "Select all" and "Deselect all”,

2. Set the "Summary File Oukput Falder”, ¥ou have the option ko
"Keep Directory Structure” of the "Raw Data Folder", You may also
turn an the options ko convert the summaty Files o "Text Files" or
create "Array Files" containing all the processed array data for all
the cycles, The "Prefix" and "suffix” are appended ta the name of
hte raw data file to create the name of the summary data file,

3, IF DCAT is "Activated”, the files may be processed, When the
"Process Files" button is pressed, all of the selected raw data Files
will be porcessed, The "Current File", "File Porgress", and "Total
Progress" may provide Feedback on the status of the conwversions,
The porcess mav take 1-2 min for each 100ME of raw data, There

is not way tostop the process after it starts,

4, Exits the VI,
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6. Troubleshooting

A Microsoft Windows Help file (.chm) for NI CAS Software is provided with the software download. Each window
within the user interface contains a Help “?” button in the bottom right corner. Pressing this button will open the Help
file to the associated help topic page.

Frequently Asked Questions (FAQs)

Q: | getan error message when | try to activate the software. What do | do?

A: Refer to the Software Activation section.

Q: How do | add my own calculations or results to the NI CAS Software?

A: NI CAS Software provides the ability to easily integrate user calculations in three areas; Processing, Heat-
Release Rate, and Calculations.

1. Processing: All of the results of the processing steps (alignment, scaling, pegging, separation) are
provided to the user calculations which can manipulate the waveform and other information before all of
the calculations get the information.

2. Heat Release Rate: All of the results from the processing steps are provided to the user calculations
which need to generate a heat release rate waveform. The resulting waveform is then used to calculate
mass fraction burned and other heat release related parameters.

3. Calculations: All of the results from the processing steps and calculation steps are provided to the user
calculations. The user calculations provide an array of calculated results to the NI CAS Software for
display and saving in summary files.

NI CAS Software applications contain the ability to stream custom data from other parts of the application.

FPGA Data originates in the FPGA. Each parameter needs to be assigned an ID. All FPGA data streams
to raw data files. Only data with ID defined in the FPGA Setup are processed in real-time and saved in
summary files.

Slow Speed Data is read no more than once per cycle and is saved in raw and summary data files. The top
level NI CAS Software example contains a template showing how to write the data. The data enters NI CAS
Software through a global variable where the user defines the name, units, and value for each item.

User Properties can be added to raw and summary files. This data is captured at the beginning of a file and
only written once. NI CAS Software example applications write all CalPoints to the properties by default.

Q: How dol add a miscellaneous sensor waveform to my display?

A:  To display and save any signal, simply add it to the measurement setup and associate it with the appropriate
cylinder. It will be displayed with all the Al or DI data for that cylinder.

When do | need to align the TDC offset?

A:  The TDC offset must be aligned any time the encoder position is modified. This includes changing the encoder.
A: The TDC offset will change as a result of changing the encoder setup parameters. These parameters may have
a small effect on the relation of TDC to the encoder Z pulse. Please see the section above for more details.

A: The TDC offset will change as a result of changing the encoder resolution, even if the Z pulse remains
constant.
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Q: How do | save the current configuration?

A: To save the current NI CAS Software settings, use the NI SCM “Save Current Calibration as Default” (purple)
or the “Save Calibration As...” (blue) buttons on the SCM interface. This saves a file to the LabVIEW default data
directory. (This is typically under “\My Documents\LabVIEW Data” for Microsoft Windows and "C:\ni-rt\LabVIEW
Data" for Real-Time.) Calibration files have a .cdl extension. These options can be found under the "Calibration"
menu.

Q: How dolload a saved configuration?

A: To load a previous NI CAS Software calibration, copy the desired calibration file into the LabVIEW default data
directory. (This is typically under “\My Documents\LabVIEW Data” for Microsoft Windows and "C:\ni-rt\LabVIEW
Data" for Real-Time.) Use the "Calibration > Load Calibration" if live loading is enabled. Use the "Calibration > Set
Calibration" and restart the NI CAS Software target if live loading is disabled. Restart the NI CAS Software target
application and select the appropriate file is the calibration selector is enabled. See the NI SCM User's Manual for
more details.

Q: Why does Microsoft Excel fail to open a TDMS files?

A: The TDMS Microsoft Excel plug-in opens each property in a new column across the top of the spreadsheet.
Property fields are used to store all (>255) of the configuration parameters. However, Microsoft Excel 2003 is limited
to 255 columns. Open the TDMS plug-in properties and turn off custom property imports.

Q: How do | customize the user interface?

A: The user interface is a standard LabVIEW VI. It may be modified with LabVIEW development tools to meet
user requirements. The file should be saved in a new location so that updating NI CAS Software installation does not
overwrite the changes.

A: See the NI SCM User's Manual.

Q: What font is used in the example applications?

A:  The example applications use Segoe Ul size 15 pt as the default font. In some circumstances, a different size is
used.

Q: Why am | getting DAQ errors?

A: Make sure that the hardware is set up properly in the Measurements and Automation Explorer and that the
Measurement Setup tab has the proper physical channel names.

A:  Verify that the device is not being used for other DAQ tasks.

A:  Verify that a single DAQ device in not used for synchronous and asynchronous measurements.

Q: Why is the top of the pressure signal clipped (flat)?

A:  The signals will appear flat when the charge amplifier is outputting a value greater than the DAQ device or the
charge amplifier output is at its maximum.

A: Reset the charge amplifier to set the zero offset pressure.

A: Adjust the output gain of the charge amplifier.

Q: What do | do if | am having trouble obtaining encoder sync?
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A: Verify that the Cam/Crank/TDC signals are set up correctly (polarity, offsets, etc.)

A:  The TDC signal and the crank signals should not have rising edges at the same time. This condition can cause
a situation where the TDC signal and the crank signals toggle position and cause an error. (One signal may be read
as true before the other.)

A: Verify that the proper signals are connected to the FPGA. It may be helpful to pass the encoder signals through
the FPGA and read them use an oscilloscope if available.

A: The encoder synchronization is controlled by the engine tracking Vls. Please refer to the EPT documentation
for details on the specific flags and inputs.

Q: Why are the buffers or queues overflowing?

A:  The buffers fill when the computer system hardware is not able to keep up with the program demands. A
combination of faster CPU, faster hard drive or additional RAM will alleviate the problem.

A: The performance of the system depends on many variables including user defined functions. It may be
necessary to remove some real time processing to achieve the desired performance.

Q: Why are the speed and the timer not working correctly?

A:  Check the PFI to PO jumpers described in the hardware setup information. That data is transferred over these

jumpers.
Q: Why is the NI CAS Software running but are doing nothing?

A: Please verify that you have activated the NI CAS Software. Please see Installation and Activation for details.

Q: Why doesn't the Deployment Version of NI CAS Software start correctly?

A:  Verify that the appropriate version of DAQmx and LabVIEW Runtime are installed. The installers are available
on National Instruments website and listed at the beginning of this manual.
A:  Verify that NI SCM is installed and activated. Please see the NI SCM user’s manual for details on installation
and activation of NI SCM.
A:  Verify that NI CAS Software for Deployment is activated. Check the Deployment Target Program front panel to
verify that it is activated correctly.
A:  Manually start the application. Please see the SCM user’s manual for more details.
1. Launch the NI CAS Software for Deployment Target Program. It cam be started from LabVIEW, select
Help > Find Examples. Search for "CAS".
2. Open NI SCM
3. Within NI SCM, define the Target IP address as “127.0.01” or your computer IP address.
4. Within NI SCM, set the Host VI to “<Program Files>\National Instruments\CAS 2014\Host\CAS
Runtime.vi”.
5. Within NI SCM, set the pairing file to “<Program Files>\National Instruments\CAS 2014\Host\CAS
Runtime.par”.
6. Within NI SCM, start the Host VI.

Q: Why does the real time controller crashed without warning?
A: Reboot the controller and try running the application again.

A: It may be possible to exceed the total physical memory of real time system. In this case, the real time controller
will most likely crash (real time systems do not have virtual memory). The memory should be monitored using one of

© National Instruments. All rights reserved. 185



NI Combustion Analysis System Software for LabVIEW
User's Manual

the tools available with LabVIEW. Remove some of the memory use or add more memory to the system to prevent
the crashes. (Please check with National Instruments for details on upgrading memory in a real time system.)
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7. Abbreviations

API Application Interface

Async Asynchronous (sampled at specific time intervals)
ATDC Crank Angle Degrees After Top Dead Center
BRIC Bandpass, Rectify, Integrate, and Compare
BTDC Crank Angle Degrees Before Top Dead Center
CAD Crank Angle Degrees

CAS Combustion Analysis System

cDAQ Compact DAQ device

CPU Central Processing Unit

DAQ Data Acquisition

DI Direct Injection

dVv Differential Volume

EPT Engine Position Tracking

FFT Fast Fourier Transform

FPGA Field Programmable Gate Array

HRR Heat Release Rate

Hz Hertz (sec™

GMEP Gross Mean Effective Pressure

IMEP Gross Mean Effective Pressure

kB Kilobyte

kHz Kilohertz (10° sec-")

MAX Measurements and Automation Explorer
MEP Mean Effective Pressure

MFB Mass Fraction Burned

MB Megabyte

MHz Megahertz (10° sec-)

NI National Instruments

NMEP Net Mean Effective Pressure

O Operating System

PFI Peripheral Input (DAQ)

PFI Port Fuel Injector

PMEP Pumping Mean Effective Pressure

PR Pressure Ratio

PCI Peripheral Component Interconnect

PXI PCI eXtensions for Instrumentation

RIO Reconfigurable 1/0
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SCM
TDC
Sum

Sync

VI

Real Time

Software Calbiration Management Toolkit
Top Dead Center

Summary

Synchronous (sampled at specific CAD)
Volume

Virtual Instrument
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8. Additional Support/Feedback

Contact your local NI branch office for support details or visit http://www.ni.com/support/

For additional help with getting your NI hardware and software installed and configured, visit: http://www.ni.com/
gettingstarted/
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9. Important Information
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9.1 Warranty

Remove the following paragraph for software products.

NI CAS Software is warranted against defects in materials and workmanship for a period of one year from the date
of shipment, as evidenced by receipts or other documentation. National Instruments will, at its option, repair or
replace equipment that proves to be defective during the warranty period. This warranty includes parts and labor.

The media on which you receive National Instruments software are warranted not to fail to execute programming
instructions, due to defects in materials and workmanship, for a period of 90 days from date of shipment, as
evidenced by receipts or other documentation. National Instruments will, at its option, repair or replace software
media that do not execute programming instructions if National Instruments receives notice of such defects during
the warranty period. National Instruments does not warrant that the operation of the software shall be uninterrupted
or error free.

A Return Material Authorization (RMA) number must be obtained from the factory and clearly marked on the outside
of the package before any equipment will be accepted for warranty work. National Instruments will pay the shipping
costs of returning to the owner parts which are covered by warranty.

National Instruments believes that the information in this document is accurate. The document has been carefully
reviewed for technical accuracy. In the event that technical or typographical errors exist, National Instruments
reserves the right to make changes to subsequent editions of this document without prior notice to holders of
this edition. The reader should consult National Instruments if errors are suspected. In no event shall National
Instruments be liable for any damages arising out of or related to this document or the information contained in it.

EXCEPT AS SPECIFIED HEREIN, NATIONAL INSTRUMENTS MAKES NO WARRANTIES, EXPRESS

OR IMPLIED, AND SPECIFICALLY DISCLAIMS ANY WARRANTY OF MERCHANTABILITY OR FITNESS

FOR A PARTICULAR PURPOSE. CUSTOMER'S RIGHT TO RECOVER DAMAGES CAUSED BY FAULT

OR NEGLIGENCE ON THE PART OF NATIONAL INSTRUMENTS SHALL BE LIMITED TO THE AMOUNT
THERETOFORE PAID BY THE CUSTOMER. NATIONAL INSTRUMENTS WILL NOT BE LIABLE FOR DAMAGES
RESULTING FROM LOSS OF DATA, PROFITS, USE OF PRODUCTS, OR INCIDENTAL OR CONSEQUENTIAL
DAMAGES, EVEN IF ADVISED OF THE POSSIBILITY THEREOF. This limitation of the liability of National
Instruments will apply regardless of the form of action, whether in contract or tort, including negligence. Any action
against National Instruments must be brought within one year after the cause of action accrues. National Instruments
shall not be liable for any delay in performance due to causes beyond its reasonable control. The warranty provided
herein does not cover damages, defects, malfunctions, or service failures caused by owner's failure to follow the
National Instruments installation, operation, or maintenance instructions; owner's modification of the product; owner's
abuse, misuse, or negligent acts; and power failure or surges, fire, flood, accident, actions of third parties, or other
events outside reasonable control.
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9.2 Copyright

Under the copyright laws, this publication may not be reproduced or transmitted in any form, electronic or
mechanical, including photocopying, recording, storing in an information retrieval system, or translating, in whole or
in part, without the prior written consent of National Instruments Corporation.

National Instruments respects the intellectual property of others, and we ask our users to do the same. NI software is
protected by copyright and other intellectual property laws. Where NI software may be used to reproduce software or
other materials belonging to others, you may use NI software only to reproduce materials that you may reproduce in
accordance with the terms of any applicable license or other legal restriction.

End-User License Agreements and Third-Party Legal Notices

You can find end-user license agreements (EULAs) and third-party legal notices in the following locations:
Notices are located in the <National Instruments>\_Legal Information and <National Instruments> directories.
EULAs are located in the <National Instruments>\Shared\MDF\Legal\license directory.

Review <National Instruments>\_Legal Information.txt for information on including legal information in installers
built with NI products.
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9.3 Trademarks

Refer to the NI Trademarks and Logo Guidelines at ni.com/trademarks for more information on National Instruments
trademarks. Other product and company names mentioned herein are trademarks or trade names of their
respective companies. For patents covering National Instruments products/technology, refer to the appropriate
location: Help»Patents in your software, the patents.txt file on your media, or the National Instruments Patent
Notice at ni.com/patents. You can find information about end-user license agreements (EULAs) and third-party legal
notices in the readme file for your NI product. Refer to the Export Compliance Information at ni.com/legal/export-
compliance for the National Instruments global trade compliance policy and how to obtain relevant HTS codes,
ECCNs, and other import/export data.
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9.4 Patents

For patents covering the National Instruments products/technology, refer to the appropriate location: Help»Patents in
your software, the patents.txt file on your media, or the National Instruments Patent Notice at ni.com/patents.
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9.5 Warning Regarding Use of NI Products

WARNING REGARDING USE OF NATIONAL INSTRUMENTS PRODUCTS

(1) NATIONAL INSTRUMENTS PRODUCTS ARE NOT DESIGNED WITH COMPONENTS AND TESTING FOR
A LEVEL OF RELIABILITY SUITABLE FOR USE IN OR IN CONNECTION WITH SURGICAL IMPLANTS OR
AS CRITICAL COMPONENTS IN ANY LIFE SUPPORT SYSTEMS WHOSE FAILURE TO PERFORM CAN
REASONABLY BE EXPECTED TO CAUSE SIGNIFICANT INJURY TO A HUMAN.

(2) IN ANY APPLICATION, INCLUDING THE ABOVE, RELIABILITY OF OPERATION OF THE SOFTWARE
PRODUCTS CAN BE IMPAIRED BY ADVERSE FACTORS, INCLUDING BUT NOT LIMITED TO FLUCTUATIONS
IN ELECTRICAL POWER SUPPLY, COMPUTER HARDWARE MALFUNCTIONS, COMPUTER OPERATING
SYSTEM SOFTWARE FITNESS, FITNESS OF COMPILERS AND DEVELOPMENT SOFTWARE USED TO
DEVELOP AN APPLICATION, INSTALLATION ERRORS, SOFTWARE AND HARDWARE COMPATIBILITY
PROBLEMS, MALFUNCTIONS OR FAILURES OF ELECTRONIC MONITORING OR CONTROL DEVICES,
TRANSIENT FAILURES OF ELECTRONIC SYSTEMS (HARDWARE AND/OR SOFTWARE), UNANTICIPATED
USES OR MISUSES, OR ERRORS ON THE PART OF THE USER OR APPLICATIONS DESIGNER (ADVERSE
FACTORS SUCH AS THESE ARE HEREAFTER COLLECTIVELY TERMED "SYSTEM FAILURES"). ANY
APPLICATION WHERE A SYSTEM FAILURE WOULD CREATE A RISK OF HARM TO PROPERTY OR PERSONS
(INCLUDING THE RISK OF BODILY INJURY AND DEATH) SHOULD NOT BE RELIANT SOLELY UPON ONE
FORM OF ELECTRONIC SYSTEM DUE TO THE RISK OF SYSTEM FAILURE. TO AVOID DAMAGE, INJURY,
OR DEATH, THE USER OR APPLICATION DESIGNER MUST TAKE REASONABLY PRUDENT STEPS TO
PROTECT AGAINST SYSTEM FAILURES, INCLUDING BUT NOT LIMITED TO BACK-UP OR SHUT DOWN
MECHANISMS. BECAUSE EACH END-USER SYSTEM IS CUSTOMIZED AND DIFFERS FROM NATIONAL
INSTRUMENTS' TESTING PLATFORMS AND BECAUSE A USER OR APPLICATION DESIGNER MAY USE
NATIONAL INSTRUMENTS PRODUCTS IN COMBINATION WITH OTHER PRODUCTS IN A MANNER NOT
EVALUATED OR CONTEMPLATED BY NATIONAL INSTRUMENTS, THE USER OR APPLICATION DESIGNER
IS ULTIMATELY RESPONSIBLE FOR VERIFYING AND VALIDATING THE SUITABILITY OF NATIONAL
INSTRUMENTS PRODUCTS WHENEVER NATIONAL INSTRUMENTS PRODUCTS ARE INCORPORATED IN A
SYSTEM OR APPLICATION, INCLUDING, WITHOUT LIMITATION, THE APPROPRIATE DESIGN, PROCESS AND
SAFETY LEVEL OF SUCH SYSTEM OR APPLICATION.
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9.6 Environmental Management

National Instruments is committed to designing and manufacturing products in an environmentally responsible
manner. NI recognizes that eliminating certain hazardous substances from our products is beneficial not only to the
environment but also to NI customers.

For additional environmental information, refer to the NI and the Environment Web page at ni.com/environment. This
page contains the environmental regulations and directives with which NI complies, as well as other environmental
information not included in this document.
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