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1. About the NI Direct Injector Driver System

The NI Direct Injector Driver System features an NI CompactRIO controller, NI 9751 Direct Injector (DI) driver
module(s), and NI 9411 digital input module(s). The system can synchronize injector channels with production
crank/cam position sensors or research optical encoders. The system will also accept external digital fuel command
signals from a production engine controller. The included DI driver module(s) provide the power electronics
necessary to drive high-power solenoid or piezoelectric direct injectors.

The NI Direct Injector Driver System comes in four different models corresponding to different direct injector channel
configurations: the NI DIDS-2003 drives 3 solenoid injectors (or 2 piezoelectric injectors), the NI DIDS-2006 drives

6 solenoid injectors (or 4 piezoelectric injectors), the NI DIDS-2009 drives 9 solenoid injectors (or 6 piezoelectric
injectors), and the NI DIDS-2012 drives 12 solenoid injectors (or 8 piezoelectric injectors). The systems provide a
digital input per injector channel for directly commanding each injector. The system controller is delivered with a pre-
installed feature-rich application. The deployment version of the NI Software Calibration Manager Toolkit (SCM) is
included for interfacing with and calibrating the system.

The NI Direct Injector Driver System supports optional C-series modules. The optional NI 9758 PFI driver module
can be used to drive port fuel injectors, proportional solenoid valves and relays. The optional NI 9215 analog input
module can be used for a variety of analog sensors. Common-rail fuel pressure control is an example feature of the
NI Direct Injector Driver System that utilizes these modules.

Throughout this manual, the model number NI 9751 and model name DI Driver module are used interchangeably.
Similarly, the model number NI 9758 and model name PFI Driver are used interchangeably.

© 2013 National Instruments. All rights reserved.
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2. Warnings

Please read the following warnings for your safety and that of the product.

© 2013 National Instruments. All rights reserved.
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2.1 REVERSE BATTERY POLARITY WARNING

NI Powertrain Controls power modules are not internally protected against reverse battery polarity.
Do not reverse the battery polarity or damage will occur. This event is not covered under warranty.

All NI Powertrain Controls modules with a 10-pin screw terminal block have identical external
power and ground connections. Please take necessary precautions to ensure that BATT (0)
and GND (9) are not connected in reverse polarity. The BATT (0) terminal will accept positive

7-32VDC with respect to the GND (9) terminal. Please refer to the user manual for details.

To provide system-level protection against reverse battery polarity, implement the following simple external
main-power-relay circuit:

Q
[ -
l E 3
o <
H [Ta]
™~ wil
860+ BT
+-
Eattﬂrv }
L ]
89 30
| o+
System Power
G -

Tyco Relay PN: V23232-A0001-X003 (12V)
Tyco Relay PN;: V23232-A0002-X009 (24V)
Bosch Relay PN: 0 332 002 156 (12V)
Bosch Relay PN: 0 332 002 256 (24V)

Figure 2.1.a, Reverse Battery Protection Diagram

Notes:

1.) The relay shown is a type of automotive relay which includes an internal series diode with terminal 85. This diode
will prevent reverse battery from energizing the relay.

2.) Terminals 30 and 87 are screw terminals and should be connected with soldered ring terminals.

3.) Terminals 85 and 86 are 0.250 X 0.031 inch (6.3 X 0.8 mm) push-on terminals.

4.) A fuse is recommended between the battery and relay.

5.) An optional switch may be placed in series with relay terminal 86.

6.) Simply placing a high-current-capacity diode in series with the system power is not an acceptable method
of reverse battery protection because it will not allow the NI Powertrain Controls modules to perform current
recirculation while switching inductive loads.

7.) The relay is currently available from www.ni.com.

© 2013 National Instruments. All rights reserved.
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2.2 HIGH VOLTAGE WARNING

HIGH VOLTAGE

HIGH VOLTAGE: This device is capable of operating at voltages up to 190V. Extreme care should

be taken to protect against shock. Even when the device is completely powered down, allow
approximately five minutes for the internal high voltage to dissipate. Do not touch any of the driver
module screw terminals or injector terminals while the device is powered.

© 2013 National Instruments. All rights reserved.
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3. Getting Started

This guide will provide instructions to set up the National Instruments Direct Injector Driver System hardware and
software.

© 2013 National Instruments. All rights reserved.
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3.1 What Is Included

1. DI Driver System software image preinstalled on the system controller

2. NI Software Calibration Management Toolkit (SCM) for LabVIEW 2013, downloaded from www.ni.com.

Hardware

1. Direct Injector Driver System

cRI0-9076
Integrated cRI0-9022 CRIO-9114 Ni9a1l NI 9751
i . Digital Input DI Driver
DI Driver System Controller Controller Chassis S Module
and Chassis 780718-01 780918-01
781716-01 779005-01 782076-01
DIDS-2003 1 1 )
DIDS-2006 1 1 1 5
DIDS-2009 1 1 5 3
DIDS-2012 1 1 5 2

Table 3.1.a, I/0O Hardware Included In The DI Driver System

Optional I/0 modules supported by all DI Driver Systems

* N1 9215 4-Channel, 100 kS/s/ch, 16-bit, +10 V Analog Input Module (P/N: 779011-01)
* NI 9758 PFI Driver Module (P/N: 782080-01)

2. Piezo Injector Inductors (P/N: 782082-01)

Piezo Injector Inductor Packs
Included In Each DI Driver System

DI Driver System Number of Inductors
DIDS-2003 2 (1 pack) ._5\
DIDS-2006 4 (2 packs) /__\\.
DIDS-2009 6 (3 packs)
DIDS-2012 8 (4 packs)

Table 3.1.b, Number of Inductors Included With The DI Driver System

© 2013 National Instruments. All rights reserved.
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3. Reverse Battery Protection Relay (P/N: 782784-01)

4. NI 9411 Module Breakout Harness(es) per NI 9411 Module (P/N: 782784-01)

© 2013 National Instruments. All rights reserved.
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3.2 Software
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3.2.1 SCM Software Installation

At the time of shipping, the DI Driver System controller is pre-programmed with the latest version of software.
However, in order to interact with the system, NI Software Calibration Management Toolkit (SCM) must be
downloaded and installed to a PC with Windows 7 or newer. To download SCM follow the link below.

Download SCM Software

The link will take you to this webpage; click on download to begin the download process.

o/ P + & X || @ NiSoftware Calibration Me...

NI Powertrain Controls

+ Powertrain Controls Modules for NI
CompadRIO

~ Powertrain Controls Systems

CompactRIO Engine Control
Bundle

NI Direct Injector Driver System
NI Gombustion Analysis System

NI Combustion Analysis System
Software for LabVIEW

NI Engine Control System

NI Software Calibration
Management Toolkit

Products

HI Home > Products & Senvices > NI Powertr

Hello Adam [ Log out]

Industries &
Applications

Events &
Training

Support &

Services Academic

Community

‘antrols > Powertrain Canirols Systems > NI Software Calibration Management Toolkit

NI Software Calibration Management Toolkit for LabVIEW

E-mail this Page Print FDF Rich Text
_ + Simplify and optimize programming
—= - == communications between target and host for

large projects

+ Plottrend capabilities of individual calibration
parameters (CalPoints) using memory buffers

+ CalPointtypes: SGL, 132, U32, 18, U8, 1D/2D Array,
1D/2D Lookup Table, String, Enumerated U32

+ Fast, efficient CalPoint communication with up to
20 Hz host display update rate

+ Calibration-saving capabilities that save CalPoint
values to target as new default startup values

+ Simply download and install the free deployment

veri " with no activation necessary

[+) Enlarge Picture

Pricing

Part Number Description Est Ship US Dollars Qty

78339835 NI Software Calibration Management 5-10  $1,00000 ¢
Toolkit
L
Guarantee your price for 30 days (learn more) Instant Quote

Save for Later

nayni

Contact Us
Call me now!
(800) 531-5068
E-mail NI

m

My Cart

Total items: 0
Subtotal: 50

View Cart
Save and Share Cart
My Parts List

Create a Parts Listto store
products while you browse

Enter your NI User Account information as directed. If you do not have an NI User Account, create one for free and

then proceed.

© 2013 National Instruments. All rights reserved.
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= ‘o\@ hitps://lumen.ni.com/nicif/us O ~ & 2 & X |[ & NISoftware Calibration Managus] & Create an NI User Account % | |

Download the NI Software Calibration Management Toolkit for LabVIEW

Create an NI User Account (or Log In)
Country

United States [=]

Email Address

Why create an account?
« Download free evaluation software

+ Save products and create custom quotes.

[ada

Password Confirm Password

« Access technical resources.

« Interact in the developer community

First Name Last Name

We respect and value your privacy.
Leam how we protect your personal information

By clicking "Creste Account” | sgres fo Nationsl Instruments’ privacy poicy.

Terms of Use

315066 | Privacy

Other Legal Info

‘grnu:rw

Download the LabVIEW 2013 version of the software. When prompted, choose the option to save the file

NI_SCM_2013.zip.

eo‘ﬁ http://www.ni.com/gate/gh/GB_ O ~ B ¢ X H 2 NI Software Calibration Manag...| ¥ Download the NI Software ... | |

Download the NI Software Calibration Management Toolkit for LabVIEW

Please click the link below to begin your download.

LabVIEW 2013 Download

NOTE: The 2012 Downlead version (originally named CalvIEW) does not us
Powertrain Controls Group. Please contact NI Powerirain Controls in San Arj

LabVIEW 2012 Download (CalVIEW)

Additional Resources
+ New to LasMIEW? Install LabVIEW first. Download evaluation version

« Leamn more about NI Powertrain Contrals

« Back to NI Software Calibration Management Toolkit Preduct Listing

Privsey | Tems of Use

===

Windaws Intemet Explorer

What do you want to do with NL_SCM_2013.zip?

Size: 434 MB
From: download.ni.com

< Open

The file won't be saved automatically.

2 Save

< Saveas

Cancel

r directly from the NI

!

'@}Tnu:rw
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Software Installation

After the download is complete, browse to the location on disk where the file was saved. Extract the contents of
the .zip file.

Open

- gh Scan with Microsoft Security Essentials...
Open with...

Share with 4

Restore previous versions

Send to »
Cut

Copy

Create shortcut
Delete

Rename

Properties

After extracting the file, open the created directory and run the Setup.exe application. If prompted, install
Microsoft .NET Framework 4.0.

== )
\/ ()= [d v niscmas = [ 4| [ Search nisch_z01 2|
Organize = Includeinlibrary = Sharewith = New folder =~ O @
e Favorites Name ’ Date modified Type Size
B Desktop . Bin 571, File folder
4 Downlosds | Licenses File folder
£l Recent Places Products File folder
W autorun.exe Application 330KB
3 Libraries ] autorun.inf Setup Information 1KB
5 Documents [ nidist.id ID File 1KB
& Music || patents.txt Text Document 21KB
=) Pictures &1 readme SCM .kt HTML Docurment 17KB
B Videos M Application 1,400 K8
| setup.ini 5/12/014417PM  Configuration sett... 32KB

18 Computer
&2, Local Disk (C:)
5% Drivven (Vvmware-|
% InstallCDs (\\192 16¢
% DrivvenShare (\\192,
% LabVIEWS_CDs (\\19

€ Network

10 items

When prompted at the User Information screen, enter the relevant information and select the option to install the
evaluation version of the license. The evaluation license is a free, perpetual license of SCM that allows users to
interface to SCM-supported targets, but does not allow them to modify any code.

© 2013 National Instruments. All rights reserved.
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-
7 Software Calibration Management Toolkit for LabVIEW 2013 = |
User Information NATIONAL
Enter the following information. WNSIIIUMEN‘I’S‘
Full Mame:
Organization:

() Install Software Calibration Management Toolkit for LabIEsWw 2013 with this serial number,

Serial Mumber:

[ << Back ][ Mewt > ] [ Cancel

From there, follow the instructions and prompts to finish installing the software.

© 2013 National Instruments. All rights reserved.
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3.2.2 Connecting To The DI Driver System

This section provides information about connecting to the DI Driver System user interface via SCM and how to
change the network interface settings of the system controller.

© 2013 National Instruments. All rights reserved.
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3.2.2.1 Out Of The Box Connection

This section describes how to establish a connection with the DI Driver System user interface via SCM. NI ships the

DI Driver System with an IP address of 192.168.1.100 and a Subnet mask of 255.255.255.0. The Windows PC used

to interface with the system must have a similar IP address and Subnet mask, but the IP address must be different in
the last address number. The directions below illustrate how to make the initial network connection to the system and
open the system user interface.

—

. The customer must provide a Windows 7 (or later) PC with an Ethernet LAN port.

2. Install SCM for LabVIEW 2013 to the PC.

w

Check the Windows Firewall settings or 3rd party firewall settings to allow SCM to communicate with the external
system.

Power up the DI Driver System controller. The DI Driver and PFI Driver modules do not need to be powered if
simply attempting to establish a connection to the user interface. Wait about 1 minute for both the USER1 and
USER FPGA LEDs to start blinking.

Using a CAT5E Ethernet cable, connect the Windows PC LAN port directly to the Ethernet port of the cRIO-9076
or Ethernet port 1 of the cRIO-9022 controller. If the green and amber LEDs directly under the controller Ethernet
port are not active, then there is no physical Ethernet connection to the PC. Please diagnose the Ethernet cable
connection problem.

Go to the Windows Control Panel and select Network and Sharing Center. From the Network and Sharing
Center select Change adapter settings from the left menu.

[= [ B [

[ 43| Search Con.. p

+ Control Panel » Network and Internet » Network and Sharing Center

@'\./'vl:‘j

File Edit View Tools Help

Control Panel Home

View your basic network information and set up connections

L™ [ ™ @

== -
MGOLD-LT Multiple networks Internet

(This computer)

See full map

View your active networks Connect or disconnect

Internet
Connections: gl Wireless Network Connection

S==% corp.natinst.com Access type:

T Domain network

Access type:
Connec tions: [J

No network access
Network Adapter

S=5F Unidentified network
T public network

Change your networking settings

Gk Set up a new conne

Set up a wireless, broadband, dial-up, ad hoc, or VPN connection; or set up a router or access point,

ction or network

s Connect to a network
Connect or reconnect to a wireless, wired, dial-up, or VPN network connection,

Choose homegroup and sharing options
LEREE Access files and printers located on other netwerk computers, or change sharing settings.
HomeGroup

Intemet Otions = Troubleshoot problems

Diagnose and repair network problems, or get troubleshooting information.
Windows Firewall

7. A list of network connections available on the PC will open. Right click the Local Area Connection port to select
Properties.

© 2013 National Instruments. All rights reserved.
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@.v.vlﬁl + Control Panel » Network and Intemet + Network Connections »

File Edit View Tools Advanced Help

Qrganize » Disable this network device

£ Bluetooth Network Connection

Diagnose this connection

Disable

L] Luca\Area(onnEB

U Viviware Metwork
I vMware Metwork
ofll] Wireless Network ¢
il Wireless Network [ Bridge Connections

Status

Diagnose

Create Shortcut
Delete
& Rename

% Properties

Rename this connection  Change settings of this connection

8. From the Local Area Connection Properties dialog, scroll down to select Internet Protocol Version 4 (TCP/
IPv4) and select the Properties button below the scroll window.

-

[T
w

Local Area Connection Properties

=

Networking | Sharing

Connect using:

l_-':‘ Intel(R) 82579LM Gigabit Network Connection

This connection uses the following items:

gJuniper Metworl: Agent -

Bl 305 Packet Scheduler

@ File and Printer Sharing for Microsoft Networks

- Intemet Protocol Version 6 (TCP/1PvE A
:

& Link-Layer Topology Discovery Mapper |70 Driver

& Link-Layer Topology Discovery Responder

1

4 1n | »

Description

Transmizsion Control Protocol/Intemet Protocol. The defautt
wide area network protocol that provides communication
across diverse interconnected networls.

[ ok || cancel |

9. From the Internet Protocol Version 4 (TCP/IPv4) Properties dialog, select the Use the following IP address

radio button. Enter 192.168.1.101 for the IP address: field. Enter 255.255.255.0 for the Subnet mask: field. Select
OK on the Internet Protocol Version 4 (TCP/IPv4) Properties dialog and the Local Area Connection Properties
dialog to accept the IP address changes.

© 2013 National Instruments. All rights reserved.
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r ™
Internet Protocol Version 4 (TCP/IPw4) Properties m

General

‘You can get IP settings assigned automatically it your network supports
this capahility. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

() Obtain an IF address automatically
@) Use the following IP address:

IP address: 192 .168 . 1 . 101
Subnet mask: 255,255,255 . 0
Default gateway:

Obtain DNS server address automatically
@) Use the following DNS server addresses:

Preferred DNS server:

Alternate DNS server:

[ validate settings upon exit

[ OK ][ Cancel ]

10. Open the NI SCM console from the Windows Start menu under National Instruments >> Software
Calibration Management.

558 Distributed System Manager 2010
533 NI Distributed System Manager 2013
4 NI License Manager Ivadmin

H NI Network Browser
(S NI Registration Wizard Documents
@ NIUpdate Service

|| FPGA Pictures

| LabVIEW SignalExpress

1. NI-CAN Music

|| NI-DAQ

|| NI-P2P Computer

|. NI-RIO

I NI-Serial Control Panel

| Real-Time Execution Trace Toolkit |=

| Software Calibration Management 2,
[&] MISCM Backup and Restore 2017
(5] NISCM Calibration Difference 2
[E] NISCM Calibration File Manage! Help and Support
[& NISCM Fault Display 2013

Devices and Printers

Default Programs

4 Back

Search programs and files P

11. Within the SCM console, right-click inside the Target Items list pane and select Select Target.

© 2013 National Instruments. All rights reserved.
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= Software Calibration Management (0.0.0.0 --> Users.vi) = | B |-

File Edit Operate Pairings Calibration Options Snapshot Help

HHEEESLECE

Target Items Host Items
Name | Type | Control{Indi{ Units | iption| - | Name IType ICnn‘I:ml,fImiratnr IJ
Open All kems
Close All kems
Select Target (0.0.0.0)
Refresh
Auto Pairing
Remaove Bad Pairings
Messages Host VI Pairings
Time Message Host VI 'J Class Group Name Host Item
5/5/2014 10:10:22 AM | Messages Cleared

12. A dialog will open titled Search for SCM Target... If the Windows PC and the system controller have compatible
network settings, then SCM will locate the DI Driver System on the network automatically. A Download Files
checkbox will be presented within the dialog box and should be checked before pressing the OK button. After
pressing OK, SCM will take about 30 seconds to download several files from the DI Driver System, including the
user interface windows. SCM will store these files in the Windows user "Documents\LabVIEW Data\SCM Data"
directory. The location of these files, and the IP address of the system controller, will be remembered on each
successive opening of the SCM console, and are used to establish a connection with the system. Therefore this
Search for SCM Target... step only needs to be done once or each time the IP address of the system controller is
changed.

s« Search For Target... I'LJ

Select Target

(192.168.1.100) [=] s FTP Download ]

Progress

DI_Driver_System | =] Download Files —

o] 4 ] [ Search ] ’ Cancel

13. After the FTP Download process is complete, the SCM console will be populated with information as shown
below. If the Host VI list (lower center) is not populated as shown below, it may be that the FTP download process
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did not fully complete. If this is the case, please attempt the Search for SCM Target... step again. If the FTP
download process fully completes, the green run button (2nd from left) will be enabled.

«: Software Calibration Management (192.168.1.100 > DIDS_Hostwi) = | E it
File Edit Operate Pairings Calibration Options Snapshot  Help
P 3 r »
| DFLT | allid | S— )
Target Ttems Host Ttems
Hame | Type | ControlfInd | Units | iption | Name Type Control/Indicator J
= D Help Button Boolean
= Al @ Initizlized Boolean Indicator
@ A0 Single Float Indicator Output from o Redraw Boolean Contral
o AIO_Conv 1D Table Control vl Calibration tak;
Q) AL0_FiterBrezk Single Float Contral He Filter cutoff fri @ RPC_Enabled | Enum U32 Indlcator
“y AID_Mame String Caontrol Text name o SADI_SIZE Enum U32 Indicator
Q) AIO_Raw Single Float Indicator ] Raw voltage ir Subhost-FP.Stat| Array 10 Enum U32 Indicator
& AL0_Units String Control Text units SubHostlist | 132 Control
Q All Single Float Indicator Qutput from ¢ SubHostColor | Array 1D 132 Indicator
@ AT1_Conv 1D Table Control vl Calibration tak SubHostRef List-| Array 10 Refrum Indicator
Q) ALl FilterBreak Single Float Control Hz Filter cutoff fr SubHosts_List | Array 1D Cluster Indicator
"y AIL_Mame String Caontrol Text name
o AIl_Raw Single Float Indicator v Raw voltage ir
Q) ALL Units String Control Text units J J
Messages Host VI Pairings
Time Message Host VI Class Group Name Host Ttem
5/5/2014 10:50:30 AM | Host VI - "DI4_Pls_Ger; = D Exec Initialized Initialized
5/5/2014 10:50:30 AM | Pairing File - "DI4_Pls, 9411_Config (9411_Config) D Exec RPC_Fnabled | RPC_Enabled
5/5/2014 10:50:30 AM | Host VI - "DI3_Pls_Ger Active FleParam Display (Active_FlexParam D Exec SADI_SIZE SADI_SIZE
5/5/2014 10:50:30 AM | Pairing File - 'DI3_Pls, il—':;c;'la (‘él—cf?”ff] oW Coni
5/5/2014 10:50:30 AM | Host VI - "DI2_Pls_Ger w PWM_Config (AwcPWM Config) |
— . = Auxilary_PID_Cenfig {Auxilary_PID_Config)
5/5/2014 10:50:30 AM | Pairing File - "DI2_Pls | Auxd_Plot (Awd_Plot)
5/5/2014 10:50:30 AM | Host VI - "DIL_Pls_Get Auw_Plot (Auwa_Plot)
5/5/2014 10:50:30 AM | Pairing File - "DI1_Pls Aud_Plot (Awa_Plot)
5/5/2014 10:50:30 AM | Host VI - "Control Exe; Auwd_Plot (Auxd_Plot)
5/5/2014 10:50:30 AM | Pairing File - "Control Cal_Mode_Config (Cal_Mode_Config)
5/5/2014 10:50:30 AM | Host VI - "Ausxd_Plota CalScope (CalScope)
5/5/2014 10:50:30 AM | Pairing File - "Aud_P g;TéE”i_(CEE‘)Tn’EEdl ;
5/5/2014 10:50:30 AM | Host VI - "Awd3_Plota, = ~Config (DIL_Config)
— — — DIl_Scope (DIL_Scope)
5/5/2014 10:50:30 AM | Pairing File - "Awa_P £ DI2_Config (DI2_Config)
5/5/2014 10:50:30 AM | Host VI - "Awd_Plota) L DI2_5cape (D2_Scope) L o
57572114 105030 AKA | Dairinn Fila - "find D P Ty o 1t I ey

14. Press the green run button (2nd from left) to start the DI Driver System main user interface. The main user
interface window contains a list of all setup windows used to configure the various DI Driver System functions.
Double-clicking on a setup window name will open the window and make the listed name bold. Multiple setup
windows may be open simultaneously. Pressing the X in the upper right corner of each window will close the window.
Also, double clicking the bolded window name within the main window list will close the window. A single click of a
bolded window name will bring the selected window to the top with focus. Pressing the X in the upper right corner of

the main user interface window, or pressing the red square button in the SCM console (3rd from left) will close all
open setup windows and stop user interface communications with the DI Driver System. However, the system will
still continue to operate according to the most recent user interface settings. The user interface can be started again
by pressing the green run button within the SCM console.

The DI Driver System can operate automatically, when powered up, according to settings saved to a system
calibration file. The calibration file can be saved while the user interface is open by pressing the purple default

calibration save button from the SCM console (4th from left). The default save function will save all current settings
within the setup windows to the default calibration file. The default calibration file is located on the DI Driver System
controller at “C:\system\ni-rt\LabVIEW Data\DefaultCal.cdl”. The file system of the DI Driver System controller can
be browsed using an FTP client. A recommended FTP client is FileZilla. It is not recommended to use the FTP
connection within the Windows file Explorer.

Please refer to the NI Direct Injector Driver System Interface for documentation of the parameters in the setup
windows.
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15. If it is desired to change the network settings of the DI Driver System controller, refer to Changing The Network
Settings Of The DI Driver System.
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3.2.2.2 Changing The Network
Settings Of The DI Driver System

This section assumes that a connection with the DI Driver System user interface is already established, and it is
desired to change the IP address. If a connection has never been established, please refer to Out Of The Box
Connection. If the IP address of the DI Driver System is unknown and a connection with the user interface cannot be
established, please refer to Setting the Controller Network Interface To DHCP.

1. After starting the system main user interface, double-click on the Execution Information window.

s« NI Direct Injector Driver... |£‘_kéj

‘T NATIONAL
INSTRUMENTS

DI Driver 1 Setup
DI Driver 2 Setup

DI Driver 3 Setup

DI Driver 4 Setup

PFI and LS Driver Setup

Digital Input Setup

Analog Input Setup

Pulse Generation Setup
Engine Position Tracking Setup
Calibration Mode Setup

Tahle Setup

Auxiliary PID Controller Setup
Rail Pressure Control Setup
Auxiiary PWM Setup
Operating Point Setup

Active Flex Control Parameters
CalScopes

CalTrends

Log Data Setup

Faults

Execution Information

-

Direct Injector Driver System -z

P -
e

e

2.) After the Execution Information window opens, select the Network tab to make changes to the controller
network settings. The settings shown on this tab are similar to the Windows PC LAN TCP/IPv4 Properties dialog.
The image below shows an example of changing the controller IP address to 192.168.2.34.

The Default Gateway and DNS Server IP addresses may be important if the system is connected to a network
router. A network administrator should be contacted for this information. If a direct, "point-to-point" network
connection is made between the Windows PC and the system controller, both Default Gateway and DNS Server
addresses may be set to 0.0.0.0.

The Windows PC used to interface with the system must have a similar IP address and Subnet mask as the system
controller, but the IP address must be different in the last address number.
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If the Windows PC and the system controller are placed in DHCP mode and connected to a network router acting as
a DHCP server, then both devices will be served IP addresses on the same subnet automatically.

If the system controller must be served an IP address from a router automatically, then select the Obtain an IP
address automatically radio button. This will cause the other IP address settings to be disabled, and the controller's
network interface will be placed in DHCP mode. NI does not recommend using DHCP mode for the DI Driver System
controller because the IP address may change each time the system is powered. Each time the IP address changes,
the Search for SCM Target... dialog must be opened within the SCM console to locate the system on the network. If
the system controller network interface is in DHCP mode, and the controller is not connected to a DHCP router, the
controller will default to a link-local IP address of 169.254.X.X. If this happens, a connection with the system can still
be established via direct, "point-to-point" if the Windows PC LAN IP address is configured to a similar IP address, but
different in the last address number.

After making changes to the network settings, select the Apply Change button associated with the changed
settings.

et ot = 3 |
Static Info Network [ Run-Time Info |
Current Network Status
192.168.1.100 IP Address
255.255.255.0 Subnet Mask
192.168.1.1 Default Gateway
0.0.0.0 DNS Server

IP Address Settings

Obtain an IP address automatically
@ Use the following settings:

192.168.2.34 IP Address
255.255.255.0 Subnet Mask
192.168.1.1 Default Gateway
0.0.0.0 DNS Server

You must reboot the DI Driver System for
this change to take effect. Note, you wil also
need to find the target again in CalVIEW

NI-DIDS-017F5D02 Target Name

Apply Change

©)

3. Reset the controller, or cycle the controller power, to reboot the system. Wait for the USER1 and USER FPGA
LEDs to start blinking before performing the Search for SCM Target... step.
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3.2.2.3 Manually Resetting The
Controller Network Interface To DHCP

This section assumes that all attempts have failed to establish connection with the DI Driver System user interface,
and the system controller IP address is unknown.

Before resetting the controller network settings to DHCP mode, consider the
following:

1. Reboot the System Controller
Press and release the reset button on the front of the cRIO-9076 or cRIO-9022 controller. Wait about 1
minute for both the USER1 and USER FPGA LEDs to start blinking. The typical time to start blinking is about
25 seconds. A connection cannot be established with the user interface via SCM until both User LEDs are
blinking. If both LEDs are not blinking, refer to the Troubleshooting section.

2. Use Search for SCM Target... to Discover the IP Address
If the IP address of the controller is discovered via the Search for SCM Target... dialog, but the Download
Files checkbox does not appear in the dialog, then take note of the discovered IP address. The Windows PC
used to interface with the system must have a similar IP address and Subnet mask as the system controller,
but the IP address must be different in the last address number. The Subnet mask should be 255.255.255.0.
Refer to the Out Of The Box Connection section to see how to change the IP address of the Windows PC.

3. Use SCM Real-Time Target Backup Feature to Discover the IP Address
From the SCM console, select File, then Real-Time Backup and Restore to open the Real-Time System
Backup dialog. Select the Backup Real-Time System button to open the Backup Target dialog.

Real-Time System Backup I,—Eh,l

[ Backup Real-Time System ]

| Restore Real-Time System |

| Exit |

Select the Browse button to open the Select RT System dialog.
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& Backup Target l I
p larg

IF Address

Browse

Target Description

Mote: Reboot controller in safe mode.

—_ , ,,,

‘ Backup Target ‘

_

[ Back ]

b

This will cause SCM to search the network for a National Instruments RT controller, such as the cRIO-9076
or cRIO-9022. If the DI Driver System controller is discovered, take note of the discovered IP address. The
Windows PC used to interface with the system must have a similar IP address and Subnet mask as the
system controller, but the IP address must be different in the last address number. The Subnet mask should
be 255.255.255.0. Refer to the Out Of The Box Connection section to see how to change the IP address of
the Windows PC. The Select RT System dialog may be exited by selecting the Cancel button. The Backup
Target dialog may be exited by selecting the Back button. The Real-Time System Backup dialog may be
exited by selecting the Exit button.

Select RT System l J

Remote RT Systems

IP address MAC address Mame Model -~
1015168 00:80:2F11:B7:6E  NI-PXI8110-2F PXI-8110
10151.74 00:80:2F:14:23:F2 MI-DIDS-0175F cRIO-9076
1015165 00:80:2F:13:FDu67  MI-DIDS-0172C cRIO-9022

-

4. Check the System Controller Ethernet Cable Connection
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If the green and amber LEDs directly under the controller Ethernet port are not active or blinking, then there
is no physical connection to a network router or PC, or there is no power to the controller. Please diagnose
the Ethernet cable connection or controller power problem.

25

ACT/ 10/100
LINK

If none of the above suggestions resolve the system connection problem, follow the
instructions below to reset the system controller network interface settings to DHCP.

cRIO0-9076 Controller
To manually reset the network settings of the cRIO-9076 controller included with 3-channel DI Driver Systems, follow
the steps below:

. Power up the cRIO-9076 controller.

. Press and hold the reset button for greater than 5 seconds. Release the reset button. This will cause the
controller to reboot into safe mode and the DI Driver System software will not load. This is indicated by the amber
Status LED blinking 3 times.

3. Again, press and hold the reset button for greater than 5 seconds (while booted into safe mode). Release the
reset button. This will cause the controller to reboot into safe mode AND reset the network interface settings to
DHCP mode.

4. Press and immediately release the reset button. This will cause the controller to reboot normally and start the DI

Driver System software. Wait about 1 minute for both the USER1 and USER FPGA LEDs to start blinking.

N —

RESET i .

INPUT
T30V =
15 W MAX

cRI10-9022 Controller
To manually reset the network settings of the cRIO-9022 controller included with 6-, 9-, and 12-channel DI Driver
Systems, follow the steps below:

1. Power up the cRIO-9022 controller.

2. Switch the IP RESET switch to ON.

3. Press and immediately release the reset button. This will cause the controller to reboot normally and start the DI
Driver System software. However, the network settings will be reset to DHCP mode. Wait about 1 minute for both
the USER1 and USER FPGA LEDs to start blinking.

4. Switch the IP RESET switch to OFF.
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SAFE MODE
CONSOLE OUT
IP RESET

NO APP

USER1

NN NOT SF

NI cRIO-9022
CompactRIO Real-Time Controller

Note: NI does not recommend leaving DHCP mode for the DI Driver System controller because the IP address may
change each time the system is powered. Each time the IP address changes, the Search for CalVIEW Target...
dialog must be opened within the CalVIEW console to locate the system on the network. If the system controller
network interface is in DHCP mode, and the controller is not connected to a DHCP router, the controller will default
to a link-local IP address of 169.254.X.X. If this happens, a connection with the system can still be established via
direct, "point-to-point" if the Windows PC LAN IP address is configured to a similar IP address, but different in the
last address number. If the system controller is allowed to default to the link-local address, follow the instructions
above for Use CalVIEW "Backup Target"” Feature to Discover the IP Address to identify the exact link-local IP
address.
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3.2.2.4 SCM and Windows Firewall

After installing SCM, if Windows Firewall is enabled, SCM should be added to the list of Allowed Programs to
communicate through the Windows Firewall. Since SCM must communicate with the DI Driver System via a Ethernet
LAN port, it is important that Windows Firewall be configured to allow SCM, and its associated programs, access to
the network. SCM and its associated programs use UDP, TCP/IP, and FTP protocols. Sometimes, certain Windows
settings prevent SCM from being added to the Allowed Programs list. The Allowed Programs list can be checked by
following the instructions below.

The PC used for interfacing with the DI Driver System may have the Windows Firewall turned off. In this case, the
Allowed Programs list is not applicable and does not need to be checked. If the Windows Firewall is turned on, it
may be possible to turn it off, if allowed by the network administrator.

Some PCs may use a different software firewall other than Windows Firewall and will need to be configured properly
to allow SCM to communicate with the DI Driver System IP address via UDP, TCP/IP, and FTP protocols.

Checking the Windows Firewall Allowed Programs List

The Windows Firewall configuration can be opened by going to the Windows Start menu and entering "Windows
Firewall" in the search field.

Programs (1)

e Windows Firewall with Advanced Security
Control Panel (3)

ﬁ Windows Firewall

ﬁ Allow a program through Windows Firewall
P Check security status

' See more results

Windows Firewall| x| | Hibernate | » |

Select Windows Firewall from the Start Menu search results to open the configuration window. The screen shot
below is a general representation of what may be seen if the Windows Firewall is on.
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[ —
@ f-"\ 0 » Control Panel » All Control Panel terms » Windows Firewall - Search Control Panel

File Edit View Tools Help

Control Panel H . ' .
S Help protect your computer with Windows Firewall

Allow a pregram or feature Windows Firewall can help prevent hackers or malicious software from gaining access to your
through Windows Firewall computer through the Internet or a network.
¢ Change notification settings How does a firewall help protect my computer?

% Turn Windows Firewall on or What are network locations?
off

l '@ Home or work (private) networks Connected (&)

4 Restore defaults

| Advanced settings Metworks at home or work where you know and trust the people and devices on the network

Troubleshoot my network
Windows Firewall state: On

Incoming connections: Block all connections to programs that are not on
the list of allowed programs

Active home or work (private) networks: [ corp.natinst.com

Motification state: Netify me when Windows Firewall blocks a new
program

l '@ Public networks Connected (4]

Metworks in public places such as airports or coffee shops

Windows Firewall state: On

Incoming connections: Block all connections to programs that are not on
the list of allowed programs

Active public networks: B Unidentified network

See als o ) ) )
seealko Motification state: Netify me when Windows Firewall blocks a new
Action Center program

Metwork and Sharing Center

If Windows Firewall is on, and it is desired to turn it off, select Turn Windows Firewall on or off from the left menu
and select the radio buttons as shown below.

© 2013 National Instruments. All rights reserved.



National Instruments Direct Injector Driver System Manual

@ '!' @ < Windows Firewall » Customize Settings - Search Control Panel

File Edit View Tools Help

Customize settings for each type of network

You can modify the firewall settings for each type of network location that you use,
What are network locations?
Home or work (private) network location settings

|@ (7 Turn on Windows Firewall

Block all incoming connections, including those in the list of allowed programs

Metify me when Windows Firewall blocks a new program
l@] @ Turn off Windows Firewall (not recornmended)

Public network location settings
|@ (7) Turn on Windows Firewall

Block all incoming connections, including those in the list of allowed programs

Metify me when Windows Firewall blocks a new program

l@] @ Turn off Windows Firewall (net recormmended)

oK ][ Cancel ]

To check the list of Allowed Programs, return to the main Windows Firewall window and select Allow a program or
feature through Windows Firewall from the left menu.
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Search Control Pans!

Allow programs to communicate through Windows Firewall

To add, change, or remove allowed programs and ports, click Change settings.

Allowed programs and features:

Mame

PackageStatusRequest.exe

[ Performance Logs and Alerts

[W] Remote Assistance

[ Rermote Desktop

Remote Desktop - RemoteFX

[ Remote Event Log Management
[0 Remote Scheduled Tasks Management
[ Remote Service Management
[ Remote Volume Management
[0 Routing and Remote Access

[+] SCM Console

[ 5Secure Socket Tunneling Protocol

What are the risks of allowing a program to communicate?

Home \Wark (Pri...

|
|
|
|
O
|
O
|

Public

OEROOO0OOOO®EOO

Scroll through the list of programs and look for the following programs:

SCM Console

NI Backup and Restore

NI SCM Calibration Difference

NI SCM Calibration File Manager
NI SCM Fault Display

I ¢ Change settings

iﬂ] For your security, some settings are managed by your systern adrministrator,

Group Policy
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo
Mo

Confirm that both Home/Work (Private) and Public check boxes are checked. Select OK and close the Windows

Firewall window.

If the above programs are not in the list, select Allow another program... to open the Add a Program dialog to add
each of the programs. After adding the programs, confirm that both Home/Work (Private) and Public check boxes

are checked.
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Select the program you want to add, or dick Browse to find one that is not
listed, and then dick QK.

Programs:

@ MI License Manager

Ta NI MAX

E MI Metwork Browser

{:&- MI Reqistration Wizard
SETETY Iy T
E MI SCM Calibration Difference 2013
ﬁ MI SCM Calibration File Manager 2013
= NI SCM Console 2013

[B] M1 SCM Fault Display 2013

’! NI Update Service

E MI-Serial Troubleshooter

-

Path: C:\Program Files (x86)Mational Instruments'

What are the risks of unblodking a program?

You can choose which network location types to add this program to.

Metwark location types... [ Add ] [ Cancel
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3.2.3 Updating DI Driver System Controller Software
Occasionally NI will generate updates to the DI Driver System controller software and provide a link to the latest

update software on the DI Driver System product page. The software update is provided in the form of a .upd file
downloaded in a .zip file and is a complete hard drive image replacement for the cRIO controller.

NI provides an updater utility for download from the DI Driver System product page. The utility is called the DI Driver
System Updater and is provided in the form of a .zip file, along with the .upd file. The zip file contains a .exe file
which must be executed on the same Windows PC where SCM is installed.

*Note: The .zip file downloaded contains both the .exe and .upd files.

The software update utility and associated .upd files are only compatible with existing DI Driver Systems using
cRIO-9076 and cRIO-9022 controllers. A software update cannot be performed on new cRIO controllers without a
working copy of the DI Driver System software.

NOTE: The system controller network interface settings are not changed by updating the software image. The DI
Driver System must be in static IP address mode for the update to restore correctly. For more information on
changing your system to static IP mode see Changing The Network Settings Of The DI Driver System.

To update the DI Driver System controller software, following the instructions below:

1. Take note of the DI Driver System software version on the Static Info tab of the Execution Information window of
the user interface.

2. Using a web browser, navigate to the DI Driver System product page and check the version of the software
update. If the software update is a later version than the currently running software, download it to the PC.

3. Download the updater utility zip file to the PC and unzip it to produce the executable.

4. Run the DI Driver System Updater utility to see the dialog shown below.

DI Driver System Updater | = |ﬁl

= 1

Target IP Address [

Please enter the IP address of the SADL/DI
Driver System target and click the refresh
button.

| Backup target before update

| Preserve calibration files

b

5. Enter the IP address of the DI Driver System in the Target IP Address field. Press the refresh button to the right.
The information window in the middle of the dialog will provide information about the controller discovered at the
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specified IP address. If the controller at the specified IP address is valid, then the Begin Update button at the bottom
will be enabled.

LI Driver System Updater | = | |i3-]

Target IP Address | 10.15.1.65 [l

Large DI Driver Systern
Ready

| Backup target before update

| Preserve calibration files

Begin Update

b

6. Two options are available for selection before beginning the update process.

a. Backup target before update: This option may be selected if it is desired to create a backup image of
the system controller before updating the software to the latest version. If selected, a Zip file save dialog
will open to select the path and name of the backup zip file to be saved.

b. Preserve calibration files: This option may be selected if it is desired to preserve the current calibration
files on the system controller. Otherwise the current calibration files on the system controller will be
overwritten during the software update process.

7. Press the "Begin Update" button at the bottom to start the software update process. The process will take about

5 to 10 minutes. During the update process, the cursor will show as busy while hovered over the dialog. When the
process completes, a beep sound will be generated and the controller will be rebooted. Wait for the USER1 and
USER FPGA LEDs to start blinking and then use the Search for CalVIEW Target... feature of CalVIEW to reconnect
to the controller and download the new user interface files from the controller. It is important to check the Download
Files check box within the Search for CalVIEW Target... dialog in order to have the user interface files compatible
with the updated system software.

[6¥ Search For CalVIEW Target...
Select Target
MNI-DIDS-0172CEE4 (10.15.1.65) Iz‘

DI_Driver_System Iz‘ V| Download Files

QK l | Search | | Cancel
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3.2.4 Backing Up the DI Driver System Software Image

A DI Driver System software backup image can be created by following the instructions below. It is recommended
this procedure be performed after the system has been calibrated and ready for deployment.

*Note: The DI Driver System must be in static IP address mode for the backup to restore correctly. For more
information on changing your system to static IP mode see Changing The Network Settings Of The DI Driver
System.

1. Open the SCM console and select Backup Target from the File menu to open the Real-Time System Backup
dialog.

Real-Time Systemn Backup [&J

[ Backup Real-Time System ]

| Restore Real-Time System |

| Exit |

b

2. Select the Backup Real-Time System button to open the Backup Target dialog. Select the Browse button to
open the Select RT System dialog.

Backup Target l I

IF Address

Browse

Target Description

Mote: Reboot controller in safe mode.

P ——

‘ Backup Target ‘

————————————————————— |

| Back |

L.

3. This will cause SCM to search the network for a National Instruments RT controller, such as the cRIO-9076 or
cRIO-9022. Select the line associated with the system. Press OK to close the dialog and return to the Backup
Target dialog.
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& Select RT System l ]

Remote RT Systerns
IP address MAC address Mame Model -

169.254.84 198( 00:80:2F13:FD:67 | NI-DIDS-0172(] cRIO-9022

-

L

4. The selected target IP Address should be listed in the IP Address field and additional target information will be
shown in the Target Description field.

5. In the lower half of the Backup Target dialog, press the Backup Target button to browse the PC to specify the
location to save the DI Driver System software image zip file. Select OK to close the location selection dialog.

7. During the image backup process, the PC cursor will indicate busy while hovering over the Backup Target dialog.
The process will take about 3 minutes.

8. When the backup process is completed, press the Back button to close the Backup Target dialog to return to the
Real-Time System Backup dialog.

9. Press the Exit button to close the Real-Time System Backup dialog.
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3.2.5 Restoring A Backup Image
To The DI Driver System Controller

If the USER1 and USER FPGA LEDs are not blinking at all, please try pressing and immediately releasing the
controller reset button. Wait 1 minute for the LEDs to start blinking. If they do not start blinking, follow the instructions
below for restoring a backup image zip file to the system controller. If a system backup image is not available, please
contact the National Instruments support team.

A DI Driver System software backup image can be created by following the instructions in Backing Up the DI
Driver System Software Image section. It is recommended this procedure be performed after the system has been
calibrated and ready for deployment.

WARNING: Restoring a software image to the system controller will overwrite the entire system hard drive. If a
critical calibration file is stored on the controller, it should be retrieved before restoring the backup image. Step 1
below provides the optional instructions for retrieving the calibration file.

NOTE: The system controller network interface settings are not changed by restoring the software image. The DI
Driver System must be in static IP address mode for the backup to restore correctly. For more information
on changing your system to static IP mode see Changing The Network Settings Of The DI Driver System.

1. Using an FTP client, connect to the DI Driver System controller and browse to “C:\ni-rt\LabVIEW Data\". Copy
any .cdl calibration files from the cRIO controller to the PC for backup. The default calibration file is named
DefaultCal.cdl. This is important because the image restoration process will overwrite all files on the controller. This
step is only necessary if calibration files have previously been saved and contain important system settings.

2. Open the SCM console and select Backup Target from the File menu to open the Real-Time System Backup
dialog. Press the Restore Real-Time System button to open the Restore Target dialog.

Real-Time System Backup I,—Eh,l

[ Backup Real-Time System ]

| Restore Real-Time System |

| Exit |

.

3. Press the Browse button to open the Select RT System dialog to allow SCM to find the system on the network.

© 2013 National Instruments. All rights reserved.



National Instruments Direct Injector Driver System Manual

Restore Target
g

IF Address

Target Description

Mote: Reboot controller in safe mode.

Browse

n ——

‘ Restore Target

————————————————————— |

[ Back

)

-

4. Select the line associated with the system. Press OK to close the dialog and return to the Restore Target dialog.

[& Select RT System

-
¥y

Remote RT Systerns

169.254.84 198/ 00:80:2F13:FD:67

IP address MAC address Mame MModel

MI-DIDS-0172¢) cRIO-9022

-~

Cancel

5. The selected target IP Address should be listed in the IP Address field and additional target information will be

shown in the Target Description field.

6. In the lower half of the Restore Target dialog, press the Restore Target button to browse the PC for the DI Driver

System software image zip file. Select the zip file and press OK.

© 2013 National Instruments. All rights reserved.



National Instruments Direct Injector Driver System Manual

8. During the image restoration process, the PC cursor will indicate busy while hovering over the Restore Target
dialog. The process will take about 3 minutes.

9. When the restoration process is completed, press the Back button to close the Restore Target dialog to return to
the Real-Time System Backup dialog.

10. Press the Exit button to close the Real-Time System Backup dialog.

11. After the image restoration process, the DI Driver System will be rebooted automatically. Wait for the USER1 and
USER FPGA LEDs to start blinking, indicating the DI Driver System application is running.

12. If calibration files were backed up in step 1, use an FTP client to restore any .cdl calibration files. The .cdl
calibration files on the system controller should be located at “C:\ni-rt\LabVIEW Data\”. After restoring the calibration
file, reset the controller or cycle the power.
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3.3 Hardware
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3.3.1 C-Series Module Slot Assignments

NI DIDS-2003 3-Channel Direct Injector Driver System

The NI DIDS-2003 DI Driver System includes a cRIO-9076 integrated controller and chassis with four slots. The slot
assignments for the NI DIDS-2003 system are shown in figure 3.3.1.a, with the ability to add optional NI 9215 and NI
9758 (PFI Driver) modules (purchased separately). The DI Driver System software can only communicate with the
modules when they are in their assigned slots shown in figure 3.3.1.a.

7 NATIONAL Nl cRIO-9076
s TRUMENTS : Ni 8411

&

-

Figure 3.3.1.a, 3-Ch DI Driver System Configuration With Optional NI 9215 and PFI Driver
*The NI 9215 and NI 9758 (PFI Driver) modules are optional modules that may be purchased separately. For more
information on the functionalities of these modules please see Using The DI Driver System to Control Fuel Pressure.

NI DIDS-2006, NI DIDS-2009, and NI DIDS-2012 6-, 9- and 12-Channel Direct Injector
Driver Systems

The NI DIDS-2006, NI DIDS-2009, and NI DIDS-2012 DI Driver Systems include a cRI0-9022 controller and a
cRI0-9114 8-slot chassis. The slot assignments for the NI DIDS-2006, NI DIDS-2009, and NI DIDS-2012 DI Driver
Systems are shown in figure 3.3.1.b. It is possible to upgrade an NI DIDS-2006 or NI DIDS-2009 DI Driver System
to a NI DIDS-20012 DI Driver System by adding a NI 9411 and NI 9751 (DI Driver) modules. System I/O may be
expanded with optional NI 9215 and NI 9758 (PFI Driver) modules (purchased separately). For more information
on the hardware included see, What Is Included. The DI Driver System software can only communicate with the
modules when they are in their assigned slots shown in figure 3.3.1.b.

The NI 9411 modules can communicate with the any of the DI Driver modules in their appropriate slots. For example,
the NI 9411 module in Slot 1: NI 9411_1 has the ability to communicate digital input signals to any of the DI Drivers
in Slots 2, 3, 5 or 6. Please note the nomenclature of the DI Drivers and their corresponding slots, as this the
identification used in the application interface.
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Figure 3.3.1.a, 6-, 9-, and 12-Ch DI Driver System Configuration With Optional NI 9215 and PFI Driver
*The NI 9215 and NI 9758 (PFI Driver) modules are optional modules that may be purchased separately. For more
information on the functionalities of these modules please see Using The DI Driver System to Control Fuel Pressure.
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3.3.2 Powering the System

Warning:
The external battery supply input terminals on the NI 9751 (DI Driver) and NI 9758 (PFI Driver) modules
are not reverse-voltage polarity protected. Connecting power to the module in reverse polarity will
damage the modules. This event is not covered by the warranty. Please refer to the Reverse Battery
Polarity Notice for a recommended solution for protecting a system from reverse battery polarity.

The DI Driver System requires external DC power to the following system components:

Component Power Ground Voltage Range Maximum
P Terminal Label Terminal Label 9 9 Required Power
cRIO-9076 \Y C 9-30 V 15 W
(3-Channel System)
cRIO-9022 V1 C 9-35V 35W
(6, 9, 12-Channel Systems)
NI 9751 Modules 1-4 BATT (0) GND (9) 9-32V 75 W Each
NI 9758 Module BATT (0) GND (9) 9-32V 75W
NI 9411 Modules* Vsup COM 5-30 V 1w

3.3.2.a, Power Supply Specifications for I/O Hardware
*The NI 9411 module only needs external power supplied to the screw-terminal block if 5V regulated output power is
required from the 15-pin D-Sub connector to an optical encoder. Do not connect external power to the 15-pin D-Sub.

NI recommends the following power supply options for powering the system
components:

NI Part Number |Model Number |Input Voltage Output Voltage (Output Current
783168-01 QS10.121 100-240 VAC 12-15V 15A
781095-01 PS-17 85-276 VAC 24-28 V 20A

3.3.2.b, Power Supply Recommendations for the DI Driver System

The power supplies listed above are not included with the DI Driver System, but are available through National
Instruments. There are a few considerations for selecting the proper power supply system — specifically whether to
use a 12V power supply (QS10.121) or a 24V power supply (PS-17). NI recommends using a 24V power supply in
order to increase the efficiency of the DI Driver modules’ internal boost supply. However, if an optional PFI Driver
module is used, and the associated actuators are not rated for 24V, then the lower 12V power supply should be
used.

DI Driver Systems with one or two DI Driver modules (DIDS-2003 and DIDS-2006) can typically be powered by a
single recommended supply listed above. DI Driver Systems with three or four DI Driver modules (DIDS-2009 and
DIDS-2012) should be powered by two identical supplies wired in parallel. Power supplies wired in parallel will create
a supply having the same voltage as the individual supplies, but double the current capacity. Please refer to the
power supply documentation for wiring instructions.
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Power Wiring Guidelines

NI recommends powering and grounding each component in the system in a star-wiring configuration, such that
each component is wired individually from a single star-point for both positive and negative terminals of the power
supply buses. In contrast, it is not recommended to power the components in a daisy-chain configuration because it
will cause some modules to experience supply voltage fluctuations.

NI recommends using crimped ferrules on all wires entering screw terminal connections.

DI Driver System Component Diagrams and Connector Pinouts
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3.3.3 Connecting Injectors, Sensors and Actuators
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3.3.3.1 Direct Injectors to DI Driver Channels
Connecting Direct Injectors to the Direct Injector (DI) Driver Module

Direct injectors have two pins or wire leads. For solenoid injectors, the polarity of the injector leads typically does
not matter. However, the polarity does matter for piezo injectors. Each DI Driver module has three channels and
provides a positive and negative terminal for each channel labeled INJX+ and INJX-, where “X” represents the
channel number. Solenoid and piezo injectors cannot be mixed within a DI Driver module. The DI Driver module
supports three channels for solenoid injectors and two channels for piezo injectors. When the module is configured
for piezo mode, channels 1 and 2 are available as driver channels, while channel 3 is unavailable and must be wired

with a shorting jumper across the positive and negative terminals.

Solenoid Injector Wiring

Typical wiring for solenoid injectors to a DI Driver module is shown in figure 3.3.3.1.a.

Battery or
Power Supply
(12-24V
Typical, 75W)

Automotive 20A Fuse

*Recommended wire
16AWG, 200V or higher

—

&=

ER

BATT

M-
INJ+

1[1]
n[=]

INJ2-

1EN

N INJ2+

& | INJ3-
I N3

s

T
| —

Solenoid Direct ugu

Injectors

1| Bl EXT FWR
nE]

JEN

GND

GND

@

5

e

DI Driver Connector
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Figure 3.3.3.1.a, Diagram of Typical Wiring of Solenoid Injectors to a DI Driver Module

Piezo Injector Wiring

Driving piezo injectors requires in-series inductance on the high side wire (INJX+ wire) and shorting of channel 3.
Shorting channel 3 is required to discharge the piezo actuator of channel 1 and channel 2. This means that each DI
Driver module can only operate two (2) channels of piezo injectors.

NI provides two (2) piezo inductors per DI driver module in a DI Driver System order.

Typical wiring for piezo injectors to a DI Driver module is shown in figure 3.3.3.1.b.

Battery or
Power Supply
(12-24V
Typical, 75W)

*Recommended wire
16AWG, 200V or higher

Automotive 20A Fuse

-,

=
]
M
2]
5
e

L Short =51
] Ch. 3 b=
7]
] ]
1| ER

oy
r

BATT

IMJ-

INJ+

IRURIL,

INJ2-

L)
L/

23

INJZ2+

[NJ3-

IMNJ3+

VD DY

EXT FWR
GND

O
@

GND

@

. —y

DIl Driver Connector

i
Piezo u@u

Injectors

Figure 3.3.3.1.b, Diagram of Typical Wiring of Piezo Injectors to a DI Driver Module
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3.3.3.2 Port Fuel Injectors to PFl Channels

The DI Driver System supports an optional PFI Driver module. The PFI Driver module has four channels, PFI1 —
PF14, for driving port fuel injectors. Each PFI driver channel is capable of driving low or high impedance port fuel
injectors.

Driving Low Impedance Injectors

Low impedance injectors will have approximately 2 ohms resistance across the solenoid. The low resistance allows
higher current through the solenoid to enable faster valve opening times. However, the high current is not needed for
the entire duration of the injection event in order to keep the valve open. The initial current level is referred to as the
peak current phase and the current level for the remaining injection duration is referred to as the hold current phase.
Typically, the peak current phase is 4A and the hold current phase is 1A.

Driving High Impedance Injectors

High impedance injectors will have approximately 12 ohms resistance across the solenoid. Typically, less than 1
amp is required to open and hold the solenoid valve. Only one current control phase is required to operate high
impedance injectors at a constant current level.

Refer to the PFI & LS Driver Setup Window for detailed information on configuring PFI Driver channels.

Wiring diagram for up to four port fuel injectors to the PFI channels of the PFI Driver module is shown in diagram
3.3.3.2.a. (Nl recommends using 18 AWG wire (or larger) for port fuel injectors.)
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Battery or
Power Supply
(12V Typical

@>5A)

&
n[o]
]
Automotive 5A Fuse n[z]

s

BATT
LS1
Ls2
LS3

LS4

(s |
(6 |
X € 7]
(e |
el

&

PFI1

PFl2
PFI3
PFl4
GND

DDDLDDLDLDLDLD

A

PFI Module Connector

Port Fuel
Injectors

Figure 3.3.3.2.a, Diagram of Typical Wiring of Port Fuel Injectors to a PFI Driver Module
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3.3.3.3 Proportional Solenoid
Valves to PFl Lowside Channels

The lowside drivers of the PFI Driver module are capable of driving a wide variety of automotive relays and
proportional solenoid valves. Examples of actuators include EGR valves, turbocharger wastegate valves, fuel
pressure regulators, or any single-solenoid-actuator which draws less than 1.5 amps. The DI Driver System provides
a software mechanism to combine adjacent channels to double the current capacity. Refer to the PFI & LS Driver
Setup window for information about locking LS channels together for synchronized operation.

Each LS channel is independently controlled via pulse-width modulation (PWM). PWM duty cycle from 0 to 100%

is possible. Each PWM controller utilizes a 20-bit timer operating at 2 MHz. This provides a resolution of 500 nsec
and a minimum PWM frequency of 2 Hz. Since 0% and 100% duty cycles are possible, relays and actuators may be
controlled in continuous on or off states.

Wiring diagram for up to four relays or proportional solenoid valves to the LS channels of the PFI Driver module: (NI
recommends using 18 AWG wire (or larger) for connected devices.)

Battery or
Power Supply
(12V Typical
@>5A)
™
1[0 ]Sy | [BATT
2
Automotive 5A Fuse jg tz;
& | |Ls3
Relay or N[4|&)| | |Ls4
Actuator ]SS | PRI
[E1|&y)| | |PFI2
Relay or £2 TS| | [Pris
Actuator S | Pre
Relay or & ]\%‘@ oo
Actuator
. ey
Relay or
Actuator PFI Module Connector

Figure 3.3.3.3.a, Connecting general purpose solenoids to the low-side driver channels
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3.3.3.4 Digital Signals to NI 9411 Digital Input Module

Each NI 9411 digital input module has six digital inputs. Each DI Driver System, regardless of number of DI Driver
channels, contains at least one NI 9411 module in slot one (1). DIDS-2009 and DIDS-2012 systems contain an
additional NI 9411 module in slot four (4).

NI 9411 Module Breakout Harness

Each digital input signal pair has a different wire color and is labeled with the associated digital input channel and
signal polarity. In addition to the signal wire pairs there are 5V output wires (red and red/black) and COM wire
(black). The 5V regulated output is only active if the Vsup and COM screw terminal block is externally powered. Wire
gauge is 22 AWG.

Pin Description Pin # Wire Color
DIOa 1 Orange
DIOb* 9 Orange/Black
Dl1a 2 Green

DI1b* 10 Green/Black
DI2a 3 Blue

DI2b* 11 Blue/Black
Supply (+5V Out) |4 Red

Supply (+5V Out) |5 Red/Black
DI3a 6 White

DI3b* 13 White/Black
Dl4a 7 Green/White
Dl4b* 14 Blue/White
Dl5a 8 Black/White
DI5b* 15 Red/White
Common (COM) 12 Black

Table 3.3.3.4.a, NI 9411 Module Breakout Harness Wire Color
*The “b” pins of the NI 9411 should not be connected for single-ended digital signals. The “b” pins should be used for
optical encoders with differential or complementary outputs. Please refer to the NI 9411 Operating Instructions and
Specifications for details.

List of the connector parts used to assemble the NI 9411 module pigtail:

Description Mfr.’s Part #
AMP HDP-20 Series 109 15P Receptacle Housing 205163-1

AMP HDP-20 Series 109 Crimp Socket Contact 205090-1
Norcomp D-Sub Connector Hood, 15P 45 Degree 971-015-020R121
Paladin Tools Crimper, 26-20 AWG PA-1460

AMP D-Sub Pin Extractor Tool 91067-2

Table 3.3.3.4.b, NI 9411 Module Breakout Harness Part List
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Direct Mode and TMP Mode Commands

When operating DI Driver modules and/or the PFI Driver module in Direct mode or Triggered Multi-Pulse (TMP)
mode, any of the NI 9411 digital input channels (up to 12) can be assigned to command any of the DI Driver and PFI
Driver channels via the Digital Input Setup Window.

Engine Position Tracking Signals

When operating DI Driver modules and/or the PFI Driver module in Engine Position Tracking (EPT) mode, the

NI 9411 digital inputs are not needed to command driver channels directly because they are commanded by angle-
based setpoints by the software EPT function. However, NI 9411 digital inputs are required for receiving crank and
cam or encoder position signals. Any of the NI 9411 digital input channels can be assigned to crank, cam, and
encoder position inputs to the EPT function via the Digital Input Setup Window. Refer to the Engine Position Tracking
Setup Window for more information about crank, cam, and encoder sensor signal types, and their compatibility with
the NI 9411 module. Refer to the NI 9411 Operating Instructions and Specifications for detailed information about
digital input specifications.

The 15-pin D-Sub COM pin-12 of each NI 9411 module should be connected to the external commanding system
ground, otherwise the correct logic level of the signal will not be sensed by the NI 9411 module. For single-ended
digital commands, the 15-pin D-Sub “a” pins of the NI 9411 digital input channels must be connected to the signal,
while leaving the “b” pins disconnected, or floating. For differential, or complimentary digital commands, the positive

and negative signal pair should connect to the “a” and “b” pins, respectively.

It is good practice to use external 1K pull-down or pull-up resistors on each digital input command line in case the
commands are unintentionally disconnected. For an active-high command, the digital input should be pulled low,
such that the pulldown resistor is connected between the digital input and ground. For an active-low command, the
digital input should be pulled high, such that the pull-up resistor is connected between the digital input and 5V, or the
main power source. If 5V is used, then the 5V output pins (4, 5) of the NI 9411 module may be used for this purpose,
and the Vsup and COM screw terminals must be powered.

Using External ECU Port Fuel Injector or Ignition Driver Outputs

When using another engine control system to command the DI Driver System, it is likely that the port fuel injector or
ignition driver outputs of the engine controller will be used. Typically, port fuel injector or ignition driver outputs are
lowside driver circuits. This means that one side of the port fuel injector solenoid or ignition coil primary is connected
to battery while the other side (lowside) is connected to the engine controller and programmatically switched to
ground during fuel injection pulses or ignition dwell, respectively. In order to utilize these lowside driver outputs to
command the DI Driver System, a pull-up resistor must be connected between a constant voltage source (such as
5V or battery) and the digital input “a” pin of the NI 9411 module (as described above). Then, the port fuel injector

or ignition output pin of the engine controller must be connected to the “a” pin of the digital input channel to be
commanded. The pull-up resistors act as a low-current load to the fuel injector or ignition outputs of the engine
controller.

This physical arrangement provides for an active-low injection command because the engine controller’s lowside
drivers will pull the digital inputs of the NI 9411 module low when injection events are desired. This configuration
requires the Invert button of the associated digital input channel be set to Active Low via the Digital Input Setup
window.
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Using ECU PFI or ignition driver outputs to command DI Driver System injection events requires that the DI Driver
module or PFI Driver module be configured for Direct mode or TMP mode via the DI Driver Setup window or the
PFl and LS Driver Setup window.

Since most engine controllers have diagnostic features to detect fault conditions with the fuel injector or ignition
loads, and pull-up resistors are not inductive loads, the engine controller may report open-circuit faults. Such faults
should be ignored. If the engine controller refuses to operate the channels due to such faults, then another command
method must be arranged. Figure 3.3.3.4.c illustrates this configuration.

5V or BATT
External Engine Controller
1K
I 10 NI 9411 "a" pin
Port Fuel — \-
Injector Command Active-Low Configuration

Figure 3.3.3.4.c, Connecting an Engine Controller Port Fuel Injector Output to the DI Driver System

Using External ECU Direct Injector Driver Outputs

When using another direct-injected engine control unit (ECU) to command the DI Driver System, it is sometimes
possible to use the ECU direct injector driver outputs. However, it is likely that an ECU direct injector driver output
will not tolerate resistive loads and internal faults will be generated which will shut down the ECU channel. Typically,
ECU direct injector driver outputs will have a positive and negative terminal for each injector. The negative terminal
is a lowside switch to ground and can be connected similarly to Figure 3.3.3.4.c. If the engine controller refuses to
operate the channels due to diagnostic faults, then another command method must be arranged.

Using Transistor-Transistor Logic (TTL) Commands

If general purpose Transistor-Transistor Logic (TTL) commands are used from an external controller, then the TTL
commands may be directly connected to the “a” pins of the NI 9411 module. The commanding device ground must
be connected to the NI 9411 module COM pin. The NI 9411 “b” pins may be left disconnected.
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3.3.3.5 Analog Signals to NI 9215 Analog Input Module

The DI Driver System supports an optional NI 9215 four-channel analog input module. The analog inputs are
sampled at an interval of 15 milliseconds. The analog inputs are filtered and converted to engineering units via the
Analog Input Setup window. The engineering values can be used as inputs to a variety of functions throughout the DI
Driver System, such as lookup tables and rail pressure control.

The analog input channels are capable of directly measuring differential +/- 10V signals. Therefore, each channel
has a positive and negative screw terminal connection. A COM terminal is provided as a common mode reference
for all four (4) channels. Refer to the NI 9215 Operating Instructions and Specifications for detailed connection
diagrams and specifications.
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3.3.4 DI Driver System Component User Manual Reference
SCM User Manual

NI 9076 User Manual

NI 9022 User Manual

NI 9114 User Manual

NI 9411 User Manual

NI 9215 User Manual

NI 9751 (DI Driver) User Manual

NI 9758 (PFI Driver) User Manual

PS-17 Power Supply User Manual

QS10.121 Power Supply User Manual
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3.4 Using DI Driver System to Control Fuel Pressure

The DI Driver System supports a common rail pressure control feature with optional NI 9758 PFI Driver and NI
9215 analog input modules. A typical common rail high pressure fuel system consists of a high pressure, cam-
drivven pump, connected to a fuel rail which supplies fuel to each injector. The high pressure pump has an Inlet
Metering Valve (IMV) which is a solenoid proportional valve that meters the fuel to the inlet of the pump. The IMV
is controlled with a lowside driver channel via PWM operation. The fuel rail has a pressure sensor connected to the
end, providing analog pressure feedback to the NI 9215 analog input module for rail pressure PID control. The rail
pressure PID control function generates a PWM duty cycle to maintain a specified rail pressure setpoint.

Some common rail fuel systems will have a High Pressure Valve (HPV) on the rail as a bleed valve to provide fuel
flow through the system for stable pressure control. The HPV is also a proportional solenoid valve controlled with a
lowside driver channel via PWM operation.

Refer to the Rail Pressure Control Setup window for details about configuring the rail pressure control function.

Typical IMV and HPV solenoids require up to 3A continuous current operation. Therefore it is important to utilize

the LS channel locking feature which locks LS1 with LS2 and locks LS3 with LS4 via the PFl and LS Driver Setup
window. The locked channel pairs can be used to operate the IMV and HPV with up to 3A continuous current. Figure
3.4.a shows an example wiring diagram for wiring an IMV to a locked LS1 and LS2 pair, and wiring a HPV to a
locked LS3 and LS4 pair.

Any of the four NI 9215 analog inputs can be assigned to the rail pressure control feedback via the Rail Pressure
Control Setup window.
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Battery or
Power Supply
(12V Typical
@>5A)
Automotive 5A Fuse &
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Figure 3.4.a, Diagram of Typical Wiring of an Inlet Metering Valve (IMV) and a High Pressure Valve (HPV) to a PFI Driver Module
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3.5 Optimizing The DI Driver System
When connecting multiple injectors to a DI Driver System, there are a few optimizations to consider.

Simultaneous or Overlapping Injection Events

A DI Driver module uses multiplexed circuitry to provide up to three driver channels within the module for solenoid
direct injectors and two channels per module for piezoelectric direct injectors. Therefore, only one channel within the
module may be operated at a time. If injection events within a DI Driver System must be operated simultaneously,
the simultaneous events must be connected to channels on separate DI Driver modules.

Channel Sequencing

When operating multiple sequential direct injectors, the operating sequence of channels should be planned so that
the time between injections events within a single module is maximized. For example, as shown in Table 3.5.a, an
8-cylinder 4-stroke engine will have injection events separated by 90 degrees. If a 12-Channel DI Driver system is
used, sequential injectors should be staged from one DI Driver module to the next. By doing this, channels within a
single module will have a spacing of 360 degrees, providing maximized time for boost power supply charging and
multiple injection events per cylinder.

8-Cylinder, 4 Stroke Engine With 12-Ch DI Driver System
Injection Event CAD DI Driver Module Channel
1 0 1 1
2 90 2 1
3 180 3 1
4 270 4 1
5 360 1 2
6 450 2 2
7 540 3 2
8 630 4 2

Table 3.5.a, Optimization of 8-Cylinder, 4 Stroke Engine With A 12-Ch DI Driver System

Injection Command Duration Limitation

The maximum allowed injection pulse command is internally limited to 5 milliseconds. If an external or internal
command is generated which exceeds 5 milliseconds, the actual injection pulse will be halted at 5 milliseconds.
If multiple external direct commands are active simultaneously on a single DI Driver module, then all three driver
channels of the module will be made inactive until only one channel is commanded.
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4. NI Direct Injector Driver System Interface
[ o1 NI Direct Injector Driuer...[ = .S )

NATIONAL
xNST RUMENTS

DI Driver 1 Setup

DI Driver 2 Setup

DI Driver 3 Setup

DI Driver 4 Setup

PFI and LS Driver Setup

Digital Input Setup

Analog Input Setup

Pulse Generation Setup
Engine Position Tracking Setup
Calibration Mode Setup

Table Setup

Auxiliary PID Controller Setup
Rail Pressure Control Setup
Auxiliary PWM Setup
Operating Point Setup

Active Flex Control Parameters

Direct Injector Driver System

CalScopes

CalTrends

Log Data Setup
Faults

Execution Information

The main user interface window contains a list of all setup windows used to configure the various DI Driver System
functions. Double-clicking on a setup window name will open the window and make the listed name bold. Multiple
setup windows may be open simultaneously. Pressing the X in the upper right corner of each window will close the
window. Also, double clicking the bolded window name within the main window list will close the window. A single
click of a bolded window name will bring the selected window to the top with focus. Pressing the X in the upper right

corner of the main user interface window, or pressing the red square button in the SCM console (3rd from left)
will close all open setup windows and stop user interface communications with the DI Driver System. However, the
system will still continue to operate according to the most recent user interface settings. The user interface can be
started again by pressing the green run button within the SCM console.
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= Software Calibration Management (192,168.1.100 --> DIDS_Host.vi)

FI|E Edit Operate Pairings Calibration Options Snapshot  Help

II HEEHE R

SCM console buttons while DI Driver System user interface is closed

= Software Calibration Management (192,168.1.100 --» DIDS_Hostwi)

File Edit Operate Pairings Calibration Optiens Snapshot Help

| i | .- O P SEP
J OFLT el = SEPDY A TARGET

SCM console buttons while DI Driver System user interface is open
The DI Driver System can operate automatically, when powered up, according to settings saved to a system
calibration file. The calibration file can be saved while the user interface is open by pressing the purple default

calibration save button from the SCM console (4th from left). The default save function will save all current settings
within the setup windows to the default calibration file. The default calibration file is located on the DI Driver System
controller at “C:\system\ni-rt\LabVIEW Data\DefaultCal.cdl”. The file system of the DI Driver System controller can
be browsed using an FTP client. A recommended FTP client is FileZilla. It is not recommended to use the FTP
connection within the Windows file Explorer.
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4.1 DI Driver Setup Window

The purpose of the DI Driver Setup window is to configure the Direct Injector (DI) Driver Module to the desired
settings. A DI Driver System can have up to four DI Driver modules, DI1 through DI4. There is a DIX_Config window
corresponding to each DI Driver module. Each DI Driver module can be configured with independent boost voltage,
current profile and operating modes. For more information on DI Driver Module slot assignment, see the hardware

setup section.

r

s DI Driver 1 Setup

[E=EE )

on | DI1_ModulePresent
@DII_MUduIeEnable

=[ert DI1_Mode

@ DI1_PowerSupplyEnable
@ DI1_InjectionEnable

@DII_ChanlEnable
@Dn_chaannable
@Dn_chanaEnable

DI1_OneShot DI1 Scope

Module Temp

DI1_OneShotSelect
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1 DIX_ModulePresent
on DI1_ModulePresent

Tip Strip: Indicates DI Driver module present and externally powered

Detail: Indicates the presence and recognition of the associated DI Driver module. The module will only be
recognized when DIX_ModuleEnable is ON, a DI Driver module is inserted in the assigned slot, and the

module is properly externally powered.

2 DIX_ModuleEnable

EDIl_MnduleEnable

Tip Strip: Enables DI Driver module operation

Detail: If a DI driver module is inserted in the assigned slot, externally powered, and DIX_ModuleEnable is
ON, then the controller begins communicating with the module and allows the module to operate.

3 DIX_Mode

Cal
TMP
EPT

Tip Strip: Selects operating mode for DI Driver module
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Detail: Operating mode applied to the associated DI Driver module.

Each DI Driver module can be independently assigned a mode of operation which will apply to all channels
of the associated DI Driver module. The DIX_Mode refers to the mode of sending injection commands to the
channels of the associated module. It is still necessary to configure the current and voltage drive profile via
this DIX_Driver Setup window.

Direct Mode: The DI Driver module channels are commanded directly by external digital inputs of the NI
9411 modules. The digital input which commands each channel can be configured via the Digital Input
Setup window. The digital input level which commands the DI Driver channel ON is configured via the Invert
buttons of the Digital Input Setup window. The duration of the injection command is determined by the direct
duration of the digital input. The maximum duration allowed is 5 msec. If longer durations are required,
consult with your National Instruments sales engineer or support team.

Calibration Mode: Calibration mode is for the purpose doing injector flow calibrations. Calibration mode

is configured via the Calibration Mode Setup window for a specified number of injection events, command
duration and command period. Only one channel of each module may be enabled for Calibration mode. If
more than one channel is enabled, then commands will not be delivered.

Triggered Multi-Pulse (TMP) Mode: The DI Driver module channels are commanded by a specified
sequence of pulses and triggered by an external digital rising or falling edge to the assigned digital input
channel. The pulse sequence is configured via the DI-TMP tab of the Pulse Generation Setup window. The
external trigger channel is assigned via the Digital Input Setup window.

Engine Position Tracking (EPT) Mode: The DI Driver module channels are commanded by a specified
sequence of pulses and triggered by crankshaft angle events for each pulse, with respect to an assigned
Top Dead Center (TDC) reference value. The pulse sequence is configured via the DI-EPT tab of the Pulse
Generation Setup window. The TDC reference value is configured via the TDC Channel Mapping tab of the
Engine Position Tracking Setup window. Engine position tracking parameters are configured via the EPT tab
of the Engine Position Tracking Setup window for a variety of crank and cam signal patterns.

4 DIX_PowerSupplyEnable

E DI1_PowerSupplyEnable

Tip Strip: Enables internal boost power supply DI Driver Setup window

Detail: When ON, the module internal boost power supply is enabled and will maintain the working voltage
specified by DIX_HVTarget. When OFF, the module internal boost power supply is disabled. The actual boost
voltage is displayed in the Internal High Voltage indicator within this window. For more information on the
module internal boost power supply, please see Powering the System.

5 DIX_InjectionEnable

EDIl_InjectinnEnable

Tip Strip: Enables all channels of module

Detail: When ON, the module injection control circuitry is enabled. When OFF, the module injection control
circuitry is disabled. This parameter does not generate any injection pulses, but only enables the driver
circuitry to operate when fuel commands are generated.
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6 DIX_ChanXEnable

@DII_ChanlEnable
@DII_ChanEEnable

DIl_ChanBEnabIe

Tip Strip: Enables channel regardless of mode
Detail: When ON, the associated channel is enabled to operate.

7 DIX_ OneShot
DI1_OneShot
OFF

Tip Strip: Generates one-shot command to selected channel
Detail: When pressed, the DI Driver module will deliver a one-shot pulse to the channel selected in
DIX_OneShotSelect, having a duration specified by DIX_OneShotTime. This button returns to the OFF state

automatically.

8 D!X_Qp_eShptSelect

# Chan 1
Chan 2

Chan 3

Tip Strip: Selects channel for one-shot command
Detail: Selects the DI Driver channel to which a one-shot pulse is delivered. To disable one-shot functionality,

set to Disabled.

9 DIX_OneShotTime
DII_OneShptTime

1.5 msec

Tip Strip: Duration of one-shot command

Units: msec
Detail: Duration of one-shot pulses in msec.

10 DIX_HVTarget

DIi_HVTarget| [75 |lv

Tip Strip: DI Driver high voltage setpoint for internal boost supply

Units: V
Detail: The working voltage set point of the internal boost power supply.
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1 DIX_BackBoostTime
DII_BackBoostTimer 0.15 ‘ msec

Tip Strip: Time period during which injector solenoid energy is directed back to the module boost power
supply (after end of pulse)

Units: msec

Detail: The time period at the end of the injection pulse for which the back-electromotive force (EMF) of the
injector solenoid is directed to the internal boost power supply.

IPhaseArray
When operating solenoid injectors, the IPhaseArray defines up to eight sequential current-drive phases
within each injection command. Each phase is implemented sequentially and can specify upper and lower
current dithering setpoints, phase duration, and drive circuit — high voltage or battery voltage. The high
voltage drive circuit should only be used as little as necessary so that the internal boost power supply
energy is conserved and not overloaded. Please refer to the DI Driver Rev F manual for various IPhaseArray
configurations and the resulting current profile of the Solenoid injector. The IPhaseArray consists of the
following parameters:

12 IPhaseDrive
i 2 3 4 5 6 7 8

wascorvet) ool o ool ol

Tip Strip: Selects low voltage or high voltage for the associated phase
Detail: When operating solenoid injectors, selecting these buttons will toggle the voltage drive source
of the associated phase between high voltage (HV) and battery voltage (LV).

IPhaseArray is used differently in piezo mode by enabling DIX_PiezoEnable. The eight elements of

the IPhaseArray are divided into two groups. The first four elements are used for charging the piezo

load at the beginning of injection, and the last four elements are used for discharging the piezo load

at the end of injection. The ability to select HV or LV for each phase is not available for piezo injector
operation because the high voltage driver circuit is always used (as shown below).

1 2 3 4 5 6 7 8

IPhaseDrive[HV/LV] ‘ Up Up Up Up Dﬂl'-f.rll‘ Dﬂfm Dﬂfﬂ Dol'-rm
13 IPhaseCurrentUpper

IPhaseCurrentUpper[Amps]“zu His fo o Ho Ho Ho  Jo |

Tip Strip: Upper current dithering setpoint

Units: Amps
Detail: Upper threshold for current dithering set-point in Amps.
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14 IPhaseCurrentLower

IPhaseCurrentLower [Amps]“lg ||14 ||9 ||u ||D ||U ||u ||U |
Tip Strip: Lower current dithering setpoint
Units: Amps

Detail: Lower threshold for current dithering set-point in Amps.

15 IPhaseDuration

IPhaseDuration [msec] ||uz fos Hoe Ho He He Ho flo |
Tip Strip: Duration of phase. 0 = hold to end of command.
Units: msec

Detail: Duration in milliseconds of each phase. When the duration is reached, operation proceeds to
the next phase. A special duration value of zero means that operation will remain in that phase until

the end of the injection command.

A typical IPhase array configuration for operating piezo direct injectors is shown below.

1 2 3 4 5 6 7 8

waseorverrn| ol coull el ool ool ool

IPhaseCurrentUpper [Amps]|is |18 |18 |8 |8 |8 |8 |[s |
IFhaseCurrenthuer[AmpsH? ||? ||? ||? ||? ||? ||? ||? |
IPhaseDuration [msec]f|0.025||0.025||0.025}[0  ||0.025|  0.025|{0.025}|0 |

16 DIX_Phase1FirstPeakEnable

DI1_PhaselFirstPeakEnable

Tip Strip: Causes phase 2 to begin after current reaches first peak

Detail: Phase1FirstPeakEnable is a software option of the DI Driver module to transfer operation from

the first phase to the second phase upon reaching the first current peak corresponding to the first phase
IPhaseCurrentUpper. The first IPhaseDuration should be set to a minimum value long enough for the first

peak to be reached.

IPhaseDrive[HV/LV] -Ly m LLM Ly LLM Ll_ﬂ u

IPhaseCurrentUpper[AmpstD ||15 ||1D |||:| |||:| ||D |||:| ||D

IPhaeCurrenthuer[AmpsHlQ ||14 ||9 |||:| |||:| ||D |||:| ||D |
jo2 fJos o fo fo Jo Jo Jo |

—_

IPhaseDuration [msec
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17 DIX_PiezoEnable
off | DI1_PhaselFirstPeakEnable
@ DI1_PiezoEnable
Tip Strip: Enables piezo operating mode

Detail: When ON, enables piezo injector operation. DIX_BackBoostTime will not be used and the control will
be disabled. IPhaseArray is used differently in piezo mode.

18 DIX_Piezolnvert
OFF DI1_ Piezolnvert

Tip Strip: Enables inverted piezo operating mode

Detail: When ON, enables inverted Piezo operation. In contrast to normal piezo mode, the first four
IPhaseArray elements are used for discharge and the last four elements are used for charge, as shown
below. When operating in inverted piezo mode, in addition to adding inductor and shorting of channel 3,
channel 2 must be disconnected. Therefore, a DI Driver module can only drive one inverted piezo injector.
Please refer to the DI Driver Rev F manual for details on inverted piezo operation.

1 2 3 4 5 6 7 8

IPhaseDrive[HV/LV]

Down | Down
|

19 DIX_Scope
DI1 Scope

Tip Strip: DI Scope current and voltage trace

Detail: When icon is pressed, it will display a dialog with a graph showing current, in Amps, during the
most recent injection command to the associated DI Driver module. If multiple channels within the module
are operating, it is not possible to identify which channel is being displayed. Note that the resolution of
the current display is approximately 10 uysec sampling interval, and is for reference only. A box instrument
oscilloscope and current probe may be necessary for more detailed information. The voltage trace shown
is not recorded within injection commands. Therefore, the voltage trace will be constant with the last value
recorded before the injection command. Also, the current trace is not recorded outside of the injection
command and will be displayed as zero.
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o« DI Driver 1 Scope
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When DIX_ScopeRefresh is pressed, the graph will refresh with injector current, in Amps, during the most
recent injection command to the associated DI Driver module. If multiple channels within the module are
operating, it is not possible to identify which channel is being displayed. Note that the resolution of the
current display is approximately 10 ysec sampling interval, and is for reference only. A box instrument
oscilloscope and current probe may be necessary for more detailed information. The voltage trace shown
is not recorded within injection commands. Therefore, the voltage trace will be constant with the last value
recorded before the injection command. Also, the current trace is not recorded outside of the injection

command and will be displayed as zero.

20 MOfiuIe Temp

60-

Module Temp
a2

ra
o
[

| 30 ﬂ[C]
Tip Strip: Internal module temperature
Units: C

Detail: Indicates the internal DI Driver module temperature. The shutdown fault threshold is 80 C. If the
internal module temperature reaches 80 C, a DIX_ModuleTempFault will be indicated and the internal boost
power supply and injector drive channels will be disabled until the fault is cleared.

21 Battery Yoltage

32-

Battery Voltage

10-
6_

; 13.9 ‘[v‘]
Tip Strip: DI Driver battery voltage level
Units: V
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Detail: Indicates the external battery voltage supply level to DI Driver module terminals 0 (BATT) and 9
(GND). This should be in the range of 9-32V. While the internal boost supply will function from the 9-32V
battery voltage, it will operate more efficiently and cooler if the battery voltage is in the range of 24V, as
opposed to 12V. The performance and power dissipation of the module and internal boost power supply are

dependent on the injector load and rate of injection events.

29 Internal High Voltage

Voltag
Ry
[ B =1
[ ] [ ]

| |

=

=

L]
I

Internal High Voltage

[72.78] (w3

Tip Strip: Internal boost supply high voltage level
Units: V
Detail: Indicates the actual internal boost power supply voltage.

23 External High Voltage

%r
ruEDD—E

h Vol

[o769] v

Tip Strip: High voltage level supplied externally to terminal 7 of DI Driver to override internal boost supply
Units:V

Detail: Indicates the external high voltage supply level. If the external high voltage supply pin (7 EXT PWR)
is connected to a level greater than 24V, then the internal boost power supply will automatically shut down
and rely on external power. Using an external high voltage supply is occasionally necessary, depending

on injector operating requirements. Contact your National Instruments sales engineer or support team to

determine if your application requires an external high voltage supply.

External Hi

24 OverLoad Integrator

Overload Integrator

[ 0.0 1[%]
Tip Strip: Indicates level of internal boost power supply load
Units: %
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Detail: The DI driver module maintains an integrator of power supply usage. An internal counter increments
with each internal power supply voltage boost and decrements according to a fixed time interval. If the
integrator winds up to 100 percent, then an overload fault will be set. This is an indication that the module
temperature would soon rise beyond its maximum operating temperature if not stopped. The module
temperature fault may be tripped before the overload fault, depending on the actual conditions.

25 DIX_PSChargeFault

. DI1_PSChargeFault

Tip Strip: DI Driver internal boost power supply charging fault
Detail: Indicates that the internal boost power supply is not able to increase the voltage within 255 boost

pulses. This is a critical fault and will shut down the internal boost power supply and all injector channels.

26 DIX_PSOverloadFault

. DI1_PSOverloadFault

Tip Strip: Internal boost power supply charging fault
Detail: Indicates that the internal boost power supply is overloaded and cannot keep up with the demand,

otherwise it will overheat. This is a critical fault and will shut down the internal boost power supply and all

injector channels.

27 DIX_ShortCircuitFault

. DI1_ShortCircuitFault

Tip Strip: Injector short-circuit fault
Detail: Indicates that the current to one of the DI Driver module channels exceeded 40A and is likely

experiencing a short circuit condition. This is a critical fault and will shut down the internal boost power
supply and all injector channels.

28 DIX_ModuleTempFault

. DI1_Module TempFault

Tip Strip: Module over-temperature fault (80C)
Detail: Indicates that the internal DI Driver module temperature has exceeded 80 C. This is a critical fault and

will shut down the internal boost power supply and all injector channels.

2g DIX_HighVoltageDriverFault

. DI1_HighVoltageDriverFault

Tip Strip: High voltage driver circuit fault
Detail: Indicates that the high-voltage, high-side FET is overloaded. This fault is often caused by a short

circuit condition during high-voltage drive phases. This is a critical fault and will shut down the internal boost
power supply and all injector channels.
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30 DIX_FIXOpenCircuit
. DI1_FI10penCircuit
. DI1_FI20penCircuit

. DI1_FI30penCircuit

Tip Strip: Injector open-circuit fault
Detail: Indicates that the associated DI Driver channel cannot drive current above 1.5A at any point within
the injection command. This is a non-critical fault and cannot be cleared. This fault does not interfere with

injector channel operation. The fault will be automatically cleared upon the next injection command during
which 1.5A is reached.

31 DIX_HighVoltageLimitFault

. DI1_HighVoltagelimitFault
Tip Strip: Internal boost power supply over-voltage fault
Detail: Indicates that the high-voltage supply has exceeded 195V. This can occur if the high-voltage supply is
not used at all during injection events, while energy is recovered from the injector to the internal boost supply
during BackBoostTime. This can also occur if an external high-voltage supply is used and is configured for
outputting more than 195V. Such a condition is strongly discouraged because the components of the DI
Driver module are only rated for 200V. This is a critical fault and will shut down the internal boost power

supply and all injector channels.

32 DIX_LowVoltageDriverFault
. DI1_lowVoltageDriverFault

Tip Strip: Low voltage driver circuit fault
Detail: Indicates that the low-voltage, high-side FET is overloaded. This fault is often caused by a short

circuit condition during low-voltage drive phases. This is a critical fault and will shut down the internal boost
power supply and all injector channels.

33 DIX_ClearFaults
off |DI1_ClearFaults

Tip Strip: Clears any critical faults with DI Driver
Detail: When this one-shot is pressed, all critical faults of the DI Driver module will be cleared.

34 DIX_OpenCircuitOverride

orf |DI1_OpenCircuitOverride

Tip Strip: Determines whether open-circuit faults are indicated
Detail: When ON, the Open Circuit fault indicators will not be updated, regardless of open-circuit fault

conditions.
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4.1.1 DI Driver Scope Window

so« D Driver 1 Scope | = | = |—‘E—3—l

Injector Current [N Power supply [ OFF | DI1_ScopeRefresh

abeyop
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0.000 0.500 1.000 1.500 2.000 2.500 3.000 3.500 4.000 4.500 5.000 5500 6.000 6.500 7.000
Time {msec)

1 DIX_ScopeRefresh
| OFF | DI1_ScopeRefresh

Tip Strip: Refreshes DI scope data

Detail: When DIX_ScopeRefresh is pressed, the graph will refresh with injector current, in Amps, during the
most recent injection command to the associated DI Driver module. If multiple channels within the module
are operating, it is not possible to identify which channel is being displayed. Note that the resolution of

the current display is approximately 10 usec sampling interval, and is for reference only. A box instrument
oscilloscope and current probe may be necessary for more detailed information. The voltage trace shown
is not recorded within injection commands. Therefore, the voltage trace will be constant with the last value
recorded before the injection command. Also, the current trace is not recorded outside of the injection
command and will be displayed as zero.
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4.2 PFl and LS Driver Setup Window

The purpose of the PFI and LS Driver Setup window is to configure the operation of the PFI Driver module. Three
tabs are provided for the following:

PFI Module Control Tab: Enable the PFI Driver module, configure the operating mode, test PFI channels with one-
shot pulses, and monitor module faults.

PFI 1-4 Tab: Enable individual PFI Driver PFI channels 1-4 and configure current control parameters.

LS 1-4 Tab: Enable individual PFI Driver lowside channels 1-4 and configure the Pulse Width Modulation (PWM)
parameters.

The PFI Driver module is an optional module. This setup window is only applicable if the PFI Driver module is
inserted in the DI Driver System.
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4.2.1 PFl Module Control Tab

The purpose of the PFI Module Control Tab is to enable the PFI Driver module, configure the operating mode, test
PFI channels with one-shot pulses, and monitor module faults.

r

s>« PFland LS Driver Setup

PFI Module Control

on_ PFI_ModulePresent

EPFI_ModuIeEnable

et PFL_Mode

PFI_OneShot

PFI_OneShotSelect

rf: Disabled

PFI_OneShotTime

[ [5 [Jmsec

PFI 1-4 | LS 1-4 |

E PFI_FaultClear

@ L51_shortCircuitFaul

LS2_ShortCircuitFaul
. LS3_ShortCrrcuitFault
. LS4_ShortCircuitFault
P PFI1_ShortCreuitFault
) PFI2_ShortCircuitFaut
. PFI3_ShortCircuitFault
. PFI4_ShortCrcuitFault

PFI_OpenFaultOverride

. LS1_OpenCircuitFault

. LS2_OpenCircuitFault
LS3_OpenCircuitFault
. LS4_OpenCircuitFault

P PFI1_OpenCircuitFault

P PFI2_OpenCircuitFault

. PFI3_OpenCcuitFault

. PFI4_OpenCrcuitFault

1 PFl_ModulePresent
Oon iPFI_MDdulePresent

Tip Strip: Indicates PFI Driver module present and externally powered

Detail: Indicates the presence and recognition of the PFI Driver module. The module will only be recognized
when PFl_ModuleEnable is ON, a PFI Driver module is inserted in the assigned slot, and the module is

properly externally powered.
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2 PFl_ModuleEnable

E PFI_ModuleEnable

Tip Strip: Enables PFI Driver module operation
Detail: If a PFI driver module is inserted in the assigned slot, externally powered, and PFI_ModuleEnable is
ON, then the controller begins communicating with the module and allows the module to operate.

3 PFI_Mode

Cal
TMP

EPT

Tip Strip: Selects operating mode for PFI Driver module
Detail: Operating mode applied to the PFI Driver module.

The PFI Driver module can be assigned a mode of operation which will apply to all PFI channels. The
lowside channels are not affected by this mode parameter. The PFI_Mode refers to the mode of sending
injection commands to the channels of the module.

Direct Mode: The PFI Driver module PFI channels are commanded directly by external digital inputs of the
NI 9411 modules. The digital input which commands each channel can be configured via the Digital Input
Setup window. The digital input level which commands the PFI channel ON is configured via the Invert
buttons of the Digital Input Setup window. The duration of the injection command is determined by the direct
duration of the digital input.

Calibration Mode: Calibration mode is for the purpose doing injector flow calibrations. Calibration mode

is configured via the Calibration Mode Setup window for a specified number of injection events, command
duration and command period. Only one PFI channel of the module may be enabled for Calibration Mode. If
more than one channel is enabled, then commands will not be delivered.

Triggered Multi-Pulse (TMP) Mode: The PFI Driver module PFI channels are commanded by a specified
sequence of pulses and triggered by an external digital rising or falling edge to the assigned 9411 digital
input channel. The pulse sequence is configured via the PFI tab of the Pulse Generation Setup window. The
external trigger channel is assigned via the Digital Input Setup window.

Engine Position Tracking (EPT) Mode: The PFI Driver module PFI channels are commanded by a
specified sequence of pulses and triggered by crankshaft angle events for each pulse, with respect to an
assigned Top Dead Center (TDC) reference value. The pulse sequence is configured via the PFI tab of the
Pulse Generation Setup window. The TDC reference value is configured via the TDC Channel Mapping tab
of the Engine Position Tracking Setup window. Engine position tracking parameters are configured via the
EPT tab of the Engine Position Tracking Setup window for a variety of crank and cam signal patterns.

4 PFl_OneShot

PFI_OneShot
| OFF |

Tip Strip: Generates one-shot command to selected channel
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Detail: When pressed, the PFI Driver module will deliver a one-shot pulse to the PFI channel selected in
PFI_OneShotSelect, having a duration specified by PFI_OneShotTime. This button returns to the OFF state
automatically.

PFl_OneShotSelect
PFI CneShotSelect
# Disabled

PFI1
PFI2

PFI3 :
PFI4 -

=]

Tip Strip: Selects channel for one-shot command

Detail: PFI OneShotSelect selects the PFI Driver channel to which a one-shot pulse is delivered. To disable
one-shot functionality, set to Disabled.

6 PFl_OneShotTime
PFI_OneShotTime

|5 | msec

Tip Strip: Duration of one-shot command
Units:msec

Detail: Duration of one-shot pulses.

7 PFl_FaultClear

on | PFI_FaultClear

Tip Strip: Clear PFI module short-circuit faults
Detail: When this one-shot is pressed, all critical faults of the PFI Driver module will be cleared.

8 ShortCircuitFaults

. L51_ShortCircuitFault
. LS2_ShortCircuitFault
. LS3_ShortCircuitFault
. LS4_ShortCircuitFaul
. PFI1_ShortCircuitFault
. PFI2_ShortCircuitFault
. PFI3_ShortCircuitFault
. PFI4_ShortCircuitFault

Tip Strip: Lowside channel short-circuit fault
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Detail: Indicates that the current rise rate to the associated channel is indicative of a short circuit condition.
This is a critical fault and will shut down the associated channel.

g PFI_OpenFaultOverride

Show Fault | PFI_OpenFaultOverride

Tip Strip: Determines whether open-circuit faults are indicated
Detail: When set to OVERRIDE, the open circuit faults will be ignored and will not be indicated.

10 OpenCircuitFaults
. LS1_OpenCircuitFault
. LS2_OpenCircuitFault
. LS3_OpenCircuitFault
. LS4_OpenCircuitFault
. PFI1_OpenCircuicFault
. PFI2_OpenCircuitFault
. PFI3_OpenCircuitFault
. PFI4_OpenCircuicFault

Tip Strip: Lowside channel open-circuit fault

Detail: An open circuit fault is detected when the current never reaches the requested current level specified
by the lowest current setpoint in Phase 1 or Phase 2 of the PFI 1-4 tab. This is not a critical fault. If an open

circuit fault is indicated, pulses will continue to be delivered to the channel as normal. The open circuit fault

indicator is updated at the end of each delivered command pulse.
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4.2.2 PFl 1-4 Tab

The purpose of the PFI 1-4 tab is to enable individual PFI Driver PFI channels 1-4, and configure current control

parameters.
s« PFland LS Driver Setup |£|_|th
PFI Module Control PFI 1-4 L5 1-4
PFI 1
PFI1_FirstPeak PFI1_ChanEnable ..
Phase 1: 4A Limit
| ofF | OFF |

Phase2: 1A
Limit

Phase 1 Phase 2

3 1.5 Setpoint[Amps] PFI1_RecircAlways

1.5 i Duration[msec] OFF |
PFI 2
PFI2_FirstPeak PFI2_ChanEnable .
———— — Phase 1: 4A Limit
| o | OFF |
i Phase 1 Phase 2 § Phase?: 1A
3 15 Setpoint[Amps] ~ PFI2_RedircAlways L imit
1.5 0 Duration[msec] OFF |
PFIZ
PFI3_FirstPeak
i PFI3_ChanEnable Phase 1: 4A Limit
| orF | OFF |
__Phasel  Phase2 Phase2: 1A
’—|3 ,—|1_5 Setpoint[Amps] PFI3_RecircAlways Limit
1.5 0 Duration[msec] . OF | |
PFI 4
PFI4_FirstPeak e e Phase 1: 4A Limit
| ofF | e —
— OFF |
Phase 1  Phase2 - Phase2: 1A
3 1.5 Setpoint[Amps]  PFI4_RecircAlways Limit
1.5 i Duration[msec] OFF |

1 PFIX_FirstPeak

PFI1_FirstPeak
|  OF |

Tip Strip: Causes phase 2 to begin after current reaches first peak
Detail: A software option of the PFI Driver module to transfer operation from the first phase to the second
phase upon reaching the first current peak corresponding to the first phase current setpoint. The first phase

duration should be set to a minimum value long enough for the first peak to be reached.
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2 PFI Phase Setpoint & Duration

Phase 1

Phase 2

,|3

| 1.5

|1.5

Tip Strip: Current setpoint for this phase, Duration for this phase
Units: Setpoint: Amps, Duration: msec

lo

| Duration[msec]

| Setpoint[Amps]

National Instruments Direct Injector Driver System Manual

Detail: These parameters configure the current and duration of the two phase within each injection

command. When the duration is reached, operation proceeds to the next phase. A special duration value of
zero means that operation will remain in that phase until the end of the injection command. Using the values
specified in the above control image, the current profile to the injector would be 4A for 1.5 msec, followed by

1A for the remainder of the injection command.

3 PFIX_ChanEnable
PFI1_ChanEnable

OFF

Tip Strip: Enables PFI channel
Detail: Enables individual PFIX Channel of the PFI Driver module.

4 PFIX_RecircAlways
PFI1_RecircAlways

OFF

Tip Strip: Allows current to recirculate always while command is ON and OFF

Detail: When ON, the current to the load is allowed to re-circulate, or “freewheel” at all times. When OFF, the
current to the load is allowed to re-circulate only during injection commands, while current is being controled

to the specified level. When OFF, the current to the load is cutoff sharply at the end of the injection command

with the use of a zener diode internal to the module.

pr2
PFI2_FirstPeak. PFI2_ChanEnable
OFF OFF
Phase 1 Phase 2
3 15 Setpoint{Amps]  PFI2_RecicAlways
15 o Duration[msec] OFF
PFI3
PFI3_FirstPeak
EEGTEE Phase 1: 4A Limit
[or ] o
Phasel phase2 Phase2: 1A
[ 15 ||setvontiamps] PFB_Recrchivays Limit
0 Durtonfmsec] O |
pr4
PR T R Phase 1: 4A Limit
OFF PR
orF
_ Phasel Phase2 Phase2: 1A
3 15 [Amps]  PFI4_RecircAlways Limit
5 o ] orF

See descriptions for PFI 1.
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4.2.3 LS 1-4 Tab

The purpose of the PFI LS 1-4 tab is to enable individual PFI Driver lowside (LS) channels 1-4, and configure their
Pulse Width Modulation (PWM) parameters. Each LS channel is capable of 1.5A continuous. A special mode of
operation is provided to combine current drive capacity among pairs of channels. LS channels one and two can

be locked together to provide up to 3A current drive capacity. Likewise, LS channels three and four can be locked
together to provide 3A current drive capacity. When channels are locked together, they operate in lock-sync with
each other. When channels one and two are locked together, the PWM parameters for channel one are commanded
to both channels one and two. When channels three and four are locked together, the PWM parameters for channel
three are commanded to channels three and four.

Channels one and three are also provided special modes of operation for common rail diesel fuel pressure control.

It is typical that common rail diesel fuel systems have high pressure pumps with Inlet Metering Valves (IMV) which
are proportional solenoid valves requiring PWM operation to control rail pressure by regulating the inlet fuel flow to
the pump. Common rail diesel fuel systems may also have a High Pressure Valve (HPV) as a bleed valve on the fuel
rail. These valves also require PWM operation to control the pressure bleed rate to return fuel to the tank. Channels
one and three are provided with mode selectors to operate as IMV or HPV controls. It is typical that IMV and HPV
solenoids require up to 3A current drive. Therefore, it is recommended that channel one be locked with channel two
when operating as IMV or HPV control. Likewise, it is recommended that channel three be locked with channel four
when operating as IMV or HPV control.

When channel one or channel three is configured for IMV or HPV control, then the Rail Pressure Control Setup
window should be configured to implement PID control of common rail pressure using those channels.
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s« PFland LS Driver Setup EI_Iﬂ—hJ

PFI Module Control | PFI 1-4 LS 1-4

PFLLS1 ChanEnable | riool-Seurce

OFF :? Host Configuration J

PFI-LS1-TimingMode PFI-L51-Frequency PFI-L51-Period
(] [Frequency | 100 Hz
Lock PFI-LS1and2 L A0S A Hz]
UNLOCKED PFI—LSl—ContrDIMDde‘ PFI—LSl—DutyF,\,rcIe PFI-LS1-PulseWidth

:

= [outy oycle 50 [%6] 5

Host Configuration Only

PFI-L52_ChanEnable PFI-LS2-TimingMode PFI-LS2-Frequency PFI-LS2-Period
[ [Frequency 100 [Hz]
PFI-LS2-ControlMode PFI-LS2-DutyCycle PFI-LS2-PulseWidth

:

‘fi Duty Cycle Is0 [%] 5

PFLLS3 ChanEnable | riooo Souree

OFF :? Host Configuration J

PFI-LS3-TimingMode PFI-LS3-Frequency PFI-L53-Period
E[Frequency | 100 Hz
Lock PFI-LS3and4 L JESY \ [Hz]
UNLOCKED PFI—LSB—CDntrDIMDde‘ PFI—LSB—DutyF,\,rcIe PFI-LS3-PulseWidth

:

‘fi Duty Cycle Is0 [%] 5

Host Configuration Only

PFI-LS4_ChanEnable PFI-LS4-TimingMode PFI-L54-Frequency PFI-L54-Period
:? Frequency 100 [Hz]
PFI-LS4-ControlMode PFI-LS4-DutyCycle PFI-LS4-PulseWidth

:

= [outy cycle 50 [%] 5

1 PFI-LSX_ChanEnable

PFI-L51_ChanEnable

Tip Strip: Enables lowside channel

Detail: When ON, PFI-LSX channel is enabled for PWM operation. When PFI-LS12_Lock is ON, then PFI-
LS2 parameters are not active because PFI-LS1 controls PFI-LS2. Likewise, when PFI-LS34_Lock is ON,
then PFI-LS4 parameters are not active because PFI-LS3 controls PFI-LS4.

2 Lock PFI-LS1and2
Lock PFI-LS1and?2
UNLOCKED

Tip Strip: Lock PFI-LS1&2 Channels. This can only be Enabled when PFI-LS1_ChanEnable and PFI-
LS2_ChanEnable buttons are OFF
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Detail: When ON, PFI-LS1 and PFI-LS2 channels are locked together for synchronous operation. This button
is only active when both PFI-LS1 and PFI-LS2 channels are disabled. This rule ensures that LS channels

one and two will be in lock sync when enabled.

3 Lock PFI-LS3and4
Lock PFI-LS3and4

UNLOCKED

Tip Strip: Lock PFI-LS3&4 Channels. This can only be Enabled when PFI-LS3_ChanEnable and PFI-

LS4_ChanEnable buttons are OFF
Detail: Detail: When ON, PFI-LS3 and PFI-LS4 channels are locked together for synchronous operation.
This button is only active when both PFI-LS3 and PFI-LS4 channels are disabled. This rule ensures that LS

channels three and four will be in lock sync when enabled.

PFI-LS1-Source
PFI-L51-Source
./ Host Configuration
Rail Pressure IMY PID
Rail Pressure HPV PID

Tip Strip: Source of lowside PWM command

Detail: Selects the mode of operation for PFI-LS1:

Host Configuration: Allows PWM parameters to be entered directly via this tab

IMV Control: Causes PWM parameters for the associated channel to be sourced from the IMV control
function configured by the Rail Pressure Control Setup window.

HPV Control: Causes PWM parameters for the associated channel to be sourced from the HPV control

function configured by the Rail Pressure Control Setup window.

5 PFI-LS3 Source

PFI-LS3-Source
» Host Configuration
Rail Pressure IMV PID
Rail Pressure HPV PID

Tip Strip: Source of lowside PWM command

Detail: Selects the mode of operation for PFI-LS3:

Host Configuration: Allows PWM parameters to be entered directly via this tab

IMV Control: Causes PWM parameters for the associated channel to be sourced from the IMV control
function configured by the Rail Pressure Control Setup window.

HPV Control: Causes PWM parameters for the associated channel to be sourced from the HPV control

function configured by the Rail Pressure Control Setup window.
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PFI-LSX-TimingMode
PFI-LS1-TimingMode
4 Freguency
Period

h

Tip Strip: Format of lowside PWM command
Detail: Selects whether to use frequency or period parameters for PWM specification.

PFI-LSX-ControlMode

PFI-LS1-ControlMode

W Duty Cycle
Pulse Width

Y|

Tip Strip: Format of lowside PWM command
Detail: Selects whether to use duty cycle or pulsewidth parameters for PWM specification.

PFI-LSX-Frequency
PFI-LS1-Frequency

a )

100 [Hz]

Tip Strip: Frequency of lowside PWM command
Units: Hz

Detail: Specifies the frequency of PWM operation for the associated PFI-LS channel.

PFI-LSX-DutyCycle
PFI-L51-DutyCycle

[s0 ﬂ [%]

Tip Strip: Duty cycle of lowside PWM command
Units: %

Detail: Specifies the duty cycle of PWM operation for the associated PFI-LS channel.

o

10 PFI-LSX-Period
PFI-LS1-Period

r 10 ﬂ [ms]

Tip Strip: Period of lowside PWM command
Units: msec

Detail: Specifies the period of PWM operation for the associated PFI-LS channel.
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11 PFI-LSX-PulseWidth
PFI-LS1-PulseWidth

5 [me]

Tip Strip: Pulse width of lowside PWM command
Units: msec
Detail: Specifies the pulsewidth of PWM operation for the associated PFI-LS channel.
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4.3 Digital Input Setup Window

The purpose of the Digital Input Setup window is to configure the routing of NI 9411 digital input channels and four
internally generated digital PWM signals to various destination functions of the DI Driver System. The window also

shows the status of each NI 9411 digital input.

-

s« Digital Input Setup

[ ] e

Crank_DigChanAsn

( :-|.NolAssigned |
;’Fll_DigChan.ﬁ.sn ‘
(5] [rasert o |

EncoderZ_DigChanasn

Mot Assigned ]J

PFI2_DigChanAsn

Mot Assigned |‘

Caml_DigChanasn
~ |Not Assigned '
PFI3_DigChanAsn

= | Mot Assigned

Cam2_DigChanAsn
— 'Not Assigned 1

E’FI4_D|g{hanﬁsn

I [Mot Assigned |

DI1_Chanl_DigChanAsn

DI1_Chan2_DigChanAsn

DI1_Chan3_DigChanAsn

CalSeqStart_DigChanAsn

?| Mot Assigned ? Mot Assigned J T Mot Assigred ? Mot Assigned
DI2_Chanl_DigChanAsn DI2_Chan2_DigChanAsn DI2_Chan3_DigChanAsn
:-| Mot Assigned 1| Mot Assigned J - | Mot Assigned

DI3_Chanl_DigChanAsn

1| Not Assigned |

DI3_Chan2_DigChanAsn

- | Mot Assigned ”

DI2_Chan3_DigChanAsn

- | Mot Assigned

DI4_Chanl_DigChanAsn

D14_Chan2_DigChanAsn

D4 _Chan3_DigChanAsn

Channel Name State Freq[Hz] DC[%] PW[ms] Invert  Filter [us]
9411 1-DI0 || 1| 100 50.00 5 | actvern | 2
9411 _1-DI1 | of o0.00 0 | rceversn [l 0
9411_1-DI2 | of o0.00 0 | rceversn [l 0
9411_1-DI3 | of o000 ofiwerno |
9411_1-DI4 | off o000l  offawenno |
9411 1-DI5 | of 000  offssenmfo |
9411 2-DI0 | of 000  ofsmenmfo |
9411 2-DI1 | o 0.0 0 rceversn JO ]
9411 2-DI2 | of o0.00 0 | rceversn [l 0
9411 2-DI3 | of o0.00 0 | rceversn [l 0
9411 2-DI4 | of o00off ofiwensno |
9411 2-DI5 | of o000 ofawerno |
9

There are twenty destination functions which can be assigned a digital input or internal PWM signal source. There
are up to sixteen digital signal sources.

The Crank, Cam, and Encoder destinations are always applicable. The PFIX destinations are only applicable if a
PFI Driver module is inserted in its assigned slot. The number of applicable DI Driver module channel destinations
depends on the number of DI Driver modules available in the system and the slots in which they are inserted. For
example, if there are two DI Driver modules inserted in the DI1 and DI2 slots, then only destinations DI1_XXX

and DI2_XXX are applicable. If there is only one DI Driver module inserted in the DI4 slot, then only destinations
DI4_XXX are applicable. Systems using the cRIO-9076 chassis will only have one slot assigned for a DI Driver
module and the destinations associated with DI2 — D14 will not be applicable.

The number of applicable digital signal sources depends on the NI 9411 digital input modules inserted in the system

and the slots in which they are inserted. If there are two NI 9411 modules inserted in the assigned slots, then all
twelve digital input sources are available. If there is only one NI 9411 module inserted in the 9411_1 slot, then only
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six digital input sources associated with the 9411_1 slot are available. If there is only one NI 9411 module inserted in
the 9411_2 slot, then only six digital input sources associated with the 9411_2 slot are available. DI Driver Systems
using the cRIO-9076 chassis will only have one slot assigned for a NI 9411 module and the digital input sources
associated with 9411_2 will not be available.

There are four internally generated PWM signal sources always available that are configured via the Auxiliary PWM
Setup window.

Multiple destination controls can have the same selected digital signal source.

Each of the destination controls listed below have a similar drop-down selection of digital signal source and are
described below.
. Mot Assigned |
4 MWI9411 1.0
MI9411 11
MI9411 1.2
MI9411 1.3
MI9411 1.4
MI9411 1.5
MI9411 2.0
MI9411 2.1
MI9411 2.2
MI9411 2.3
MI9411 2.4
MIS411 2.5
A PWM 1
Aux PWM 2
Aux PWM 3
A WM 4

1 Crank_DigChanAsn

Crank_DigChanAsn
f Mot Assigned

Tip Strip: Assigns digital signal source to crank signal

Detail: Signal directed to the EPT crank trigger input. The EPT is configured via the Engine Position Tracking
Setup window. This signal is applicable for all EPT pattern types. When tracking encoder patterns, assign the
high-resolution encoder A signal to the crank signal.

2 EncoderZ_DigChanAsn

EncoderZ_DigChanasn
? Mot Assigned

Tip Strip: Assigns digital signal source to encoder Z signal

Detail: Signal directed to the EPT cam trigger input through an optional masking AND gate with either Cam1
or Cam2. The EPT is configured via the Engine Position Tracking Setup window. This signal is applicable for
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encoder patterns only. When the encoder is mounted to the crankshaft of a four-stroke engine, then a cam
signal must be provided to mask every other encoder Z pulse (FALSE = Mask, TRUE = Pass). When the
encoder is mounted to the crankshaft of a two-stroke engine, or the camshaft of a four-stroke engine, then
masking may be disabled via the Engine Position Tracking Setup window EncZMask control so that every
encoder Z pulse passes through to the EPT cam input.

3 CamX_DigChanAsn

Caml_DigChanAsn Cam2_DigChanAsn

f Mot Assigned f Mot Assigned

Tip Strip: Assigns digital signal source to cam signal

Detail: There are two available Cam signal destinations named Cam1 and Cam2. Both have similar function.
For EPT encoder patterns, one of the Cam signals can be selected, via the Engine Position Tracking Setup
window, as the mask for the encoder Z pulse. For EPT N-M or N+1 patterns, one of the cam signals can be
selected as the direct EPT cam trigger input for four-stroke engine phase information. Other functions can
be implemented on the Cam signals for capturing the angle of the cam rising edges, configured via the Cam
Phase Capture tab of the Engine Position Tracking Setup window.

4 PFIX_DigChanAsn

PFI1_DigChanAsn PFI2_DigChanAsn PFI2_DigChanAsn PFI4_DigChanAsn
=1[Nro411 1.0 = [ Net Assigned = [ Net Assigned = [ Net Assigned

Tip Strip: Assigns digital signal source to channel during Direct and TMP Modes

Detail: Four PFI channel destinations are available which will directly command the PFI channels from the
selected digital signal source. These destinations are only available when a PFI Driver module is inserted in
the assigned slot. In order to utilize this direct command functionality, the PFI Driver module must be placed
into Direct Mode or TMP Mode via the PFI Module Control tab of the PFl and LS Driver Setup window.

DIX_ChanX_DigChanAsn

DI1_Chanl_DigChanAsn DI1_Chan2_DigChanAsn DI1_Chan3_DigChanAsn

? Mot Assigned ? Mot Assigned ? Mot Assigned

D12 Chani DigChanAsn D12 Chan2 DigChanAsn DIZ_Chan3_DigChanasn

|| Mot Assigned | | Mot Assigned ? Mot Assigned

DI3 Chani, DlgChanAsn DI3 Chan2 DlgChanAsn D13_Ch3n3_DigChan.-'-\5n

NotA55|gned NotA55|gr1ed = || Mot Assigned

DI4 Chani, DlgChanAsn DI4 Chan2 DlgChanAsn DI4 _Chan3 DlgChan.-'-\sn

|| Mot Assigned | | Mot Assigned | | Mot Assigned

Tip Strip: Assigns digital signal source to channel during Direct and TMP Modes

Detail: Up to twelve DI Driver channel destinations are available which will directly command the DI Driver
channels from the selected digital signal source. The application of these destinations depends on which DI
Driver modules are inserted in the assigned slots. In order to utilize this functionality, the associated DI Driver
module must be placed into Direct Mode or TMP Mode via the associated DI Driver Setup window.
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g Digital Input Channel Signals

Channel Name State Freq[Hz] DC[%] PW [ms] Invert  Fitter [us]
9411 1-DI0 dy 100} 50.00 5 || active High || 2
9411 1011 |{aaa) ol o.00 0| aciverin || 0
9411 1-D12 | |(uas) o/l o0.00 0 actwerisn || 0
9411 1-DI3 | |leas) ol o0.00 0 || setwerisn | 0
9411 1-D14 | |aas) o o.00 0| aciverin || 0
9411_1-D15 | |laas) ol 0.0 0| aciverin || 0
9411 2-D10 | {laa) o o0.00 0 || setverion | 0
9411 2-DI1 | |leas) ol o0.00 0 || setwerisn | 0
9411 2012 |{aaa) ol o.00 0| aciverin || 0
9411_2-D13 | |leas) ol o.00 0| aciverion || 0
9411 2-D14 | |leas) ol o0.00 0 || setwerisn | 0
9411 2015 | |aaa) o o000 0| aciverin || 0

Tip Strip: Digital input channel data and configuration

National Instruments Direct Injector Driver System Manual

Units: Frequency: Hz, Duty Cycle: %, Pulse Width: msec, Filter: ysec

Detail: This display area shows the status of each NI 9411 digital input. The status parameters shown

are: State, Frequency, Duty Cycle, and Pulse Width. This display area also provides controls for signal
inverting and filtering for each input. When the Invert button is set to Active High, the digital input signal is
unaffected. When the Invert button is set to Active Low, every destination will see the signal as inverted.
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4.4 Analog Input Setup Window
The purpose of the Analog Input Setup window is to configure input processing of the analog signals to the NI

9215 Analog Input module. The window has four tabs. Each tab is associated with one channel of the NI 9215 and
provides signal identification, monitoring, filtering, and conversion to engineering units.

== Analog Input Setup

ALOD |

ALl |

AID_MName

Al 2

AI0_Units

| Rail Pressure

=1

AIO_Conv
0.014287! 0

[ o.5000]

AID

1800=
1500-

¥ _/1000—:

0.000 500-

4,500

144150 |[[v]

Init_ATO0_Filt

25 AI0_FilterBreak

Enable_AI0_Fit

1800 - '
0 -
Disabled |SimEnable_ATD

[ 0 Sim_AI0

305.339 “[bar]

1 AIX_Name
AID_Mame

| Rail Pressure | J

Tip Strip: Text name
Detail: Name assigned to each analog input.

2 AIX_Units
AT0_Units
bar

Tip Strip: Text units
Detail: Units assigned to each analog input.
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3 AIX_Raw

AI0_Raw

2.5-

n—'l [1.44159 |

Tip Strip: Raw voltage input
Units: V
Detail: Raw voltage signal sensed by the NI 9215 module.

4 AIX_Conv

AID_Conv

0.014287 0O

b4 Y
00,5000 0,000
4,500 1300

Tip Strip: Calibration table
Detail: 1D Lookup table for converting the analog input to engineering units. It is assumed that the
conversion is linear and the table is 2x2. The X values correspond to the AIX_Raw (V) while the Y values

correspond to the engineering parameter AIX (u), such as Rail Pressure (bar).

5 AIX
AL

1800~
1500-

1000-
500-

E]—' [395.339 ‘

Tip Strip: Output from calibration table

Units: Same as AIX_Units
Detail: Engineering parameter such as Rail Pressure (bar) which is interpolated by the AIX_Conv 1D Table.

The unit (u) indicates the units specified in AIX_Units.

6 Enable_ AIX_Filt
Enable_AI0_Fitt

Tip Strip: Enable use of filter
Detail: Enable filtering of the incoming voltage signal read by the 9215 module.
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2 Init_AIX_Filt
Disable Init_AID_Fift

Tip Strip: Re-intialize filter to change break frequency

Detail: When pressed, reinitializes the 2nd order filter on AIX_Raw. The filter should be reinitialized when
changing AlX_FilterBreak.

8 AIX_FilterBreak

.

25 AI0_FitterBreak

Tip Strip: Filter cutoff frequency
Units: Hz

Detail: Lowpass cutoff frequency of a 2" order filter on raw voltage.

0 SimEnable_AIX

Disabled |SimEnable_AID

Tip Strip: Enable simulation of this parameter in engineering units
Detail: When TRUE, passes the Sim_AIX directly to AlX, bypassing the filter and conversion lookup table.
This is useful for tuning PID control gains when AIX is being used for feedback control.

[ 0 ‘ Sim_AID

Tip Strip: Simulation value
Units: Same as AIX_Units
Detail: The value, in engineering units, that is simulated when SimEnable_AIX is ENABLED.
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4.5 Pulse Generation Setup Window

The purpose of the Pulse Generation Setup window is to configure injection command pulse sequences for the DI
Driver modules and the PFI Driver module when configured for EPT or TMP operating modes. The operating mode
of each module is configured via its associated module setup window. This window is not applicable for modules
which are configured for Direct Mode.
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4.5.1 DI-TMP Tab

The DI-TMP tab is for configuring Triggered Multi-Pulse (TMP) injection command pulse sequences with up to

6 pulses per sequence. Below is a timing diagram showing the effect of each parameter. An independent TMP
command sequence is provided for each DI Driver module. The TMP command sequence associated with a DI
Driver module can be configured to apply to all channels of that module or each channel can be configured to have
its own sequence. The configured TMP command sequence can be triggered to a specific channel via a button
associated with each channel of each DI Driver module.

s« Pulse Generation Setup

DI-TMP | DI-EPT '| PFI '|
Pulse 1 Pulse 2 Pulse 3 Pulse 4 Pulse 5 Pulse 6

DI Driver 1

Delay (msec)

THP: - DI1_Chnl

=]

il

-
[

=]
i)
bl
=]
]
-

Enable Individual

Uniform Dur. (msec) DI1 Channel Duration

TMP-OneShot_DI1_Chn2

Duration Ch2 (msec)
TMP-OneShot_DI1_Chn3

O o e
ORI o o
O e e

Duration Ch3 (msec)

DI Driver 2

Delay (msec)

TMP -_DI2_Chn1

Enable Individual
TMP-Oneshot_DI2_Chn2 e 1 tion

TMP-OneShot_DI2_Chn3

=]
il
-
=]
il
-
=]
i
-

[,
(=,
(=Y

Duration Ch1 (msec)

Duration Ch2 (msec)

I
I
||

Duration Ch3 (msec)

G

DI Driver 3 [ off | [ oFf ||[ oFf | e o5 chnt
Delay (msec) |1 ||1 ||1 | -
nform u. (e U ORI | O | . nesio o e || Eravlemdviduat
Durston €12 (msac) O | o | e
Durston €13 (msec) DN | N | O Crecteot-ce
DI Driver 4 Lo ) o N o N[ e
Delay (msec) |1 | ‘1 ‘ |1 | _
o . (s | O | O vt o o || e it
Durston 12 (msec) L e
Duraton C13 (sec) [N | GO | DN onestororehnd )
4
|
|
Iﬁj1Timing Inj 2 Timing Inj 3 Timing Inj 4 Timing  Inj 5 Timing Inj 6 Timing
i -~ e -~
| | | [ | [ | [ I ! | | |
| IInj 1Duration |Inj 2 Durgtion  |Inj 3 Durgtion  |Inj 4 Dyration | Inj 5 Duration | Inj 6 Dyration
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|
|
|
|
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Figure 4.5.1.a. Pulse Train illustration for TMP, TMP OneShot and PID/PWM-TMP Mode
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1 TMP-OneShot_DIX_ChnX

TMP-OneShot_DI1_Chnil

TMP-OneShot_DI1_Chn2

TMP-OneShot_DI1_Chn3

Tip Strip: Manually triggers TMP injection command sequence
Detail: Pressing this button will trigger the configured TMP command sequence to the associated DI Driver
module channel. The sequence will be triggered once with each button press.

2 Enable Individual DIX Channel Duration

Enable Individual
DI1 Channel Duration

Tip Strip: Enables individual channel duration setpoint for each channel
Detail: When ON, this button will enables individual channel durations for each if the three DI Driver module
channels. When OFF, each channel receives a uniform duration command.

3 Pulse #
Pulse 1 Pulse 2 Pulse 3 Pulse 4 Pulse 5 Pulse 6
|_ON ]‘[ ON ]|[ ON ]‘[ OFF ]|[ OFF ]‘[ OFF ]|

Tip Strip: Enables injection pulse

Detail: When ON, the command to the associated DI Driver module channel will be active for the specified
duration. When OFF, the command will be inactive (low), but the specified delay and duration will still be
implemented without effecting the adjacent pulses.

4 Delay
ey =0 [[0 [la ]l e |12 [{ES—
Tip Strip: Time until beginning of this injection pulse
Units: msec

Detail: For Inj 1, specifies the delay of the start of Inj 1 from the trigger event. For all other pulses, specifies
the delay of the start of Inj X from the end of the previous pulse.

Uniform Duration/Ch1 Duration

5 0hn 4 J I |

Tip Strip: Duration of injection pulse
Units: msec

Uniform Dur. {msec)
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Detail: Specifies the time duration of the injection pulse. The ON/OFF button above the Delay and Duration
parameters determines whether the pulse will be active or inactive. The control sends commands to Ch 1 if
the Enable Individual DIX Channel Duration parameter is enabled and to all three channels if the parameter
is disabled.

Ch2 Duration

Duration Ch2 (msec)

-5 0hn 4 J I |

Tip Strip: Duration of injection pulse

Units: msec

Detail: Specifies the time duration of the injection pulse. The ON/OFF button above the Delay and Duration
parameters determines whether the pulse will be active or inactive. The control sends commands to Ch

2 if the Enable Individual DIX Channel Duration parameter is enabled and is not active if the parameter is
disabled.

Ch3 Duration

Duration Ch3 (msec)

OIS | ST | oS | [ | lon | o

Tip Strip: Duration of injection pulse

Units: msec

Detail: Specifies the time duration of the injection pulse. The ON/OFF button above the Delay and Duration
parameters determines whether the pulse will be active or inactive. The control sends commands to Ch

3 if the Enable Individual DIX Channel Duration parameter is enabled and is not active if the parameter is
disabled.

8 Direct Injector Driver Modules 2-4

DI Driver 2 Loon JI[ ore |I[ orF /[ o | —
Delay (msec) 2 |1 | |1 | |1 | -
Duration Ch1 (msec) - - - - TMP-OneShot_DI2_Chn2 némmal:m
Duration Ch2 (msec) 065 o e e
Duration €3 (msec) 0S8N | (DI | (O | o ot
DI Driver 3 lonoJi[ ore JI[ ore JI[ ore N[
Delay (msec) 2 1 ME IIE | - e
Unform Dur. (msec) 0500 o [0 0T rep-oneshor o chne || Enable Individua
Duration Cr2 (meec) O o o | o
Duration €13 (msec) OF | Jor | o o Toresher P
DI Driver 4 [ow | ofF |[ off || oFF [
Delay (msec) 2 ‘1 | |1 ‘ ‘1 | s e
Uniform Dur. (msec) - - - - THMP-OneShot_DI4 Chn2 Dling:aﬁﬂmgat;m
Duration Ch2 (sec) . nw
Duration Ch3 (msec) | G | O O o @]

Detail: Please see information for DI Driver 1
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4.5.2 DI-EPT Tab

The DI-EPT tab is for configuring EPT injection command pulse sequences with up to 6 pulses per sequence.
Figures 4.5.2.a and 4.5.2.b, below, are timing diagrams showing the effect of each DIX Timing Mode parameter.

An independent EPT command sequence is provided for each DI Driver module. The EPT command sequence
associated with a DI Driver module can be configured to apply to all channels of that module, or it can be configured
so that each individual channel receives different injection durations. Each command pulse sequence can be
independently configured to operate in Start of Injection (SOI) mode or End of Injection (EOI) mode according to

a specified angle with respect to the channel’'s Top Dead Center (TDC) reference. Some parameters are disabled
according to the selected DIX_Timing Mode. The disabled parameters will retain their most recently entered value
and will not accept a value from the keyboard.

The DI module can also operate in a Skip Fire mode, wherein the user specifies a Skip Fire Sequence according to
the total number of cycles desired in the sequence, SkipFire_Cycles, and the number of active cycles in which an
injection occurs, SkipFire_OnCycle. Only one Skip Fire Sequence can be defined for the entire DI Driver System, but
it can be enabled on all present channels.

B8 Putse Generation Setip [
DI-TMP DI-EPT PFI
pulse 1 Pulse 2 Pulse 3 Pulse 4 pulse5  Puise6

DIDriver1 | off || off ||| orf ||| o ||[ off || oFF I iy e TH Vs S e e L
satmegoero |30 |20 ||[10 ||[s 0 | |G o — G
E01 Timing (DETDC) | 30 20 10 5 0 -20 | SkipFire_DI1_Cha1 | S——
untorm our. v ||| SN | O | GO | GO Y | covce2 e, | SERNOS
Unform bur. (CAD) | | 0,729 45 3 0 0 0 suwbre_on_cons | “oueaton ] | 17|
DI Driver 2 | [ o ||[__orr ||[_ore )|[_off || _off ||[ o ||D2TmAoMode  DI2 Adv Settings
501 Timing (DBTDC) | 30 20 10 5 0 -20 _.: = J i :::
E0I Timing (0ETDC) | 281 | |20 | 10 = ) |-20 || [stapere n2. chan —
el |
Unform Dur. (CAD) | & 0 0 0 0 0 |t B2
DIDriver 3 [_on ][ ore || o ||| ore ||[ or ||| op | PETmmerede  DIS AdvSewings
sortmeg(oeroo)| 31 | (195 || 10 ||/ 0 =7 | EE i S ——
01 Tming (0BTDC) | 30 20 10 5 0 20 Staprire D13 chax (S8

wntomou. e | NN | SN | NG | GO | GO GO oo e
0

D13 Channel
unform Dur. (CAD) | | 1,35 1.68 3.27 0 0 | SkipFire_DI3_Chnd | ouraton

D4 Timing Mode D14 Adv Settings

DIDriver4 | off ||| orf | off ||| orr [ oFF || oFf

sotmeoeroo|[30 |20 ||[10 ||[5 0 Er || EE S = oas
€01 Tming (DBTDC) | | 30 20 10 5 0 | =20 Skipfire_D14_Chat | | 90
——T T (e
Uniform Dur. {cAD) | | O 0 0 0 0 0 Skipfire_Dl4_Chn3  Duration__| ﬂj
1 Pulse #
Pulse 1 Pulse 2 Pulse 3 Pulse 4 Pulse 5 Pulse 6
| OFF ]‘[ OFF ]‘[ OFF ]‘[ OFF ]‘[ OFF ]‘[ OFF

Tip Strip: Enables injection pulse

Detail: When ON, the command to the associated DI Driver module channel will be active for the specified
duration. When OFF, the command will be inactive, but the specified timing and duration will still be
implemented. Therefore, the timing of the adjacent pulses will remain the same, whether the pulse is ON or
OFF.
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2 SOl Timing

SDITiming[DBTDc)| 30 ||20 ||‘10 |H5 ‘||D |||-20 ||

Tip Strip: Start Of Injection angle with respect to TDC

Units: DBTDC

Detail: When DIX Timing Mode is set to SOI, this parameter specifies the Start of Injection (SOI) timing in
Degrees before TDC. When DIX Timing Mode is set to EOI, this parameter is disabled and retains its most
recent value.

+
|
|
} Inj1 SOI |
- =I
|
| | Inj2 801 |
[ [ »  Inj6 SOI [
} | | Inj3 SOI | |
\ | | ] | Inj5 SOl !
I I | | Inj4 SOI - }
I | | | I
‘ I | \ P }
lInj1 Duration linj2 Duration Inj3 Duration Inj4 Duration Inj5 Duration Inj6 Duration
| | | |
t |
[
|
|
b9 |
[ ]
=]
|
[
|
| Inj1Pulse | In2Pulse | Inj3 Pulse | Inj4Pulse | Inj5Pulse | Inj6 Pulse i

Figure 4.5.2.a, Pulse Train for SOI Timing Mode. The reference timing is TDC position for each individual cylinder. Applicable to EPT
mode.

3 Duration

Tip Strip: Duration of injection pulse

Units: msec

Detail: Specifies the time duration of the injection pulse. The ON/OFF button above each Timing and
Duration parameter determines whether the pulse will be active or inactive.

Uniform Dur. {msec)

4 EOI Timing

EDITiming(DBTDC}HZ‘g‘ ‘||Zﬂ ‘||10 |H5 |||D |||-ZD ‘
Tip Strip: End Of Injection angle with respect to TDC
Units: DBTDC

Detail: When DIX Timing Mode is set to EOI, this parameter specifies the End of Injection (EOI) timing in
Degrees before TDC. When DIX Timing Mode is set to SOI, this parameter is disabled and retains its most
recent value.
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Inj1 EOI_|
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Inj2 EQI_|
| Jnjg EOI
! Inj3 EOI_ ™
I_Inj5 EO|

Inj4 EOl >
!

I
Inj5 Duration Inj6 Dural
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-
I
|
|
|
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|

|
| |
. . . . . . | . . |
Inj1 Duration  Inj2 Duration Inj3 Duration Inj4 Duration

on

TDCX

|
| Inj1Pulse | Inj2Pulse | Inj3 Pulse | Inj4Pulse | InjsPulse | Inj5 Pulse i

Figure 4.5.2.b, Pulse Train for EOI Timing Mode. The reference timing is TDC position for each individual cylinder. Applicable to EPT
mode.

5Duration
s o o e )

Uniform Dur. {CAD) ‘ 0.729 ‘ 4.5

Tip Strip: Duration of injection pulse

Units: CAD

Detail: This parameter is always disabled, but automatically updated with a calculated value. It is calculated
based on Duration (msec) and engine speed shown in the EPT Tab of the Engine Position Tracking Setup
window.

DIX Timing Mode
DI1 Timing Mode

4 EOI
501
Tip Strip: Selects timing mode of each injection pulse as Start Of Injection or End Of Injection
Detail: Selector for choosing between Start of Injection “SOI” Mode and End of Injection “EOI” Mode. When
SOl mode is selected, the EOI Timing parameters will be disabled and retain their most recently entered end

of injection angle. When EOI mode is selected, the SOI Timing parameters will be disabled and retain their
most recently entered start of injection angle.

DIX Adv Settings

DI1 Adv Settings
CH1 Dur
- CH2 Dur
CH3 Dur
Tip Strip: Press this button to define duration for each Driver channel.
Detail: Pressing this button launches the DI1 Advanced Configuration control window. The DI1 Advanced
Configuration window allows a user to program individual injection pulse durations for each pulse in an
injection sequence.
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8 Uniform/Individual DIX Channel Duration Enabled Indicator

Uniform
DI1 Channel

Duration '

Tip Strip: Defines whether the DI Driver module is in uniform channel duration or individual channel duration
mode.

Detail: Shows the state of the Enable Individual DIX Channel Duration control in the corresponding DIX
Advance Settings window. When the control is disabled, the indicator appears green and says the channels
all have uniform duration, as pictured above. When enabled, the indicator appears blue and says the
channels have individual durations enabled, as pictured on Channel 2 in the window shown at the beginning

of DI-EPT Tab.

0 SkipFire_DI1_ChnX

|5kipﬁre_m1_chn1 |

| SkipFire_DI1_Chn2 |

| skipFire_DI1_Chn3 |

Tip Strip: Enables Skip Fire on DI channel when EPT Mode is selected
Detail: Enables the skip fire sequence defined by SkipFire Cycles and SkipFire_OnCycle for their assigned
DI channels. Also manipulates the corresponding SkipFire _DI1_ChnX buttons in the DI1 Adv Settings

Window.

10 SkipFire_Cycles
SkipFire_Cycles
1[4
Tip Strip: Specifies the period length, in number of cycles, for the Skip Fire Sequence in EPT Mode (Min =
1).
Detail: Specifies the number of cycles included in a Skip Fire Sequence when the DI injector is operated
in EPT mode. For example, if the number 7 is entered, the DI injector will continuously repeat a seven

cycle sequence as long as SkipFire_DI1_ChnX is enabled for the desired channel. Also manipulates and is
manipulated by the corresponding SkipFire_Cycles control in all the DIX Advanced Settings windows.

1 SkipFire_OnCycle

SkipFire_OnCycle

=2
Tip Strip: Specifies the number of active cycles during Skip Fire Sequencee in EPT Mode (Min = 1).
Detail: Specifies the number of active cycles included in a Skip Fire Sequence when the DI injector
is operated in EPT mode. For example, if the number 4 is entered and DI SkipFire_Cycles is set to
7, the Dl injector will continuously repeat a seven cycle sequence with four active cycles as long as
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SkipFire_DI1_ChnX is enabled for the desired channel. Also manipulates and is manipulated by the
corresponding SkipFire_OnCycle control in all the DIX Advanced Settings windows.

12 DI Drivers 2-4

DI Driver 2 |[_orf || orr ||[orr || orr J|[ orf ||[ ore || PZTmnotiese D2 AdvSettings
501 Timing (DBTDC) | 30 20 10 5 0 -20 m “ﬁ
cot enng ovrocy | (2SI | (EGMMN | ECN | (SOM | (GO | S5 | s SR
wnton o e | | | | | _“
Uniform Dur. (CAD) | 6 0 0 0 0 0 _

DI Driver 3 |[_on_J|[ orr J|[_orr || orf J|[ orf J|[ orr |2 T'm'”g Lk "““"““‘"""“
wmomo| 32 |35 |l |5 |0 2 &
EOI Timing (DBTDC) | 30 20 10 5 0 -20 _
wntomo. (e | AN | RSN | EGSMN | M | (GO GO | =00 ‘
unform pur. (CAD) | 1,35 1.68 3.27 0 0 0 _

DI Driver 4 |[_ore ||[_or J|[ orr | om ||[ o [ om |/PRTmeter  PHASIES
st Trang (08T00) | | 30 ||[20 [|[10 ||[s HE |[-20 | !F\ -
E0I Timing (DBTDC) | 30 20 10 5 20 _
wntom . e | | N | UM | N | GO (GO O = .mm‘
Uniform Dur. (CAD) | () 0 0 0 0 0 @

Detail: Please see information for DI Driver 1
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4.5.2.1 DI Advanced Settings Window

The DI1 Advanced Settings Window allows users to configure individual channel durations for DI EPT injection
command pulse sequences. The pulse enable and timing controls can be configured from this window, but they
apply to all channels of the DI Driver module. Similar to the DI-EPT Tab, Figures 4.5.2.1.a and 4.5.2.1.b, below, are
timing diagrams showing the effect of each DIX Timing Mode parameter. An independent EPT injection duration
command sequence is provided for each DI Driver channel. The command pulse sequence can be configured to
operate in Start of Injection (SOI) mode or End of Injection (EQOI) mode according to a specified angle with respect
to the channel’s Top Dead Center (TDC) reference. Some parameters are disabled according to the selected
DIX_Timing Mode; the disabled parameters will retain their most recent value and will not accept a value from the
keyboard.

The DI module can also be operated in a Skip Fire mode, wherein the user specifies a Skip Fire Sequence according
to the total number of cycles desired in the sequence, SkipFire_Cycles, and the number of active cycles on which

an injection occurs, SkipFire_OnCycle. Only one Skip Fire Sequence can be defined for the entire DI Driver System,
but it can be enabled on all present channels. Changing SkipFire_Cycles or SkipFire_OnCycle from this window
programmatically changes the value of that parameter on the DI-EPT Tab and all other DIX Advanced Settings
windows. Similarly, changing the value of each SkipFire_DI1_ChnX parameter programmatically updates the value
of the corresponding parameters on the DI-EPT Tab.

s DI1 EPT Pulse Strategy [E=—
Pulse 1 Pulse 2 Pulse 3 Pulse 4 Pulse 5 Pulse 6
. DIL Timing Mod
DI Driver 1 |L_on | [ on | [ on OFF | [ o | ==
fam | = |so1
501 Timing (DBTDC) | | 30 20 10 5 | -20 ! J
SkipFire_Cydlas
EOI Timing (DBTDC) | 30 20 10 =20 = ]

=1

Durztion Chl {msec)

<
oie 25 | o

1.296 1

SkipFire_OnCydle

Duration Ch1 (CAD)

Duration Ch2 (msec) | skipFire_D11_cha1

o o o of
[=}
e
I

o

0 alh
o

0

Duration Ch2 (CAD) | stipire_o11_chaz |

v |l w
e | o
o

Duration Ch3 (msec) | skipFire_p11_cha3 |

0 | Enable Individual \

i
l
l
|
i

Duration Ch3 (CAD} | 6.48 1.08

Avg Durston (msec) | 0,733 | 0,477 2.85 ; 0 Duration
Avg Duration (CAD)| 5,28 1.272 18 0 .- (2)
1 Pulse #
Pulse 1 Pulse 2 Pulse 3 Pulse 4 Pulse 5 Pulse 6
| on ]“ ON ]“ ON ]‘[ OFF ]‘[ OFF ]‘[ OFF

Tip Strip: Enables injection pulse

Detail: When ON, the command to the associated DI Driver module channel will be active for the specified
duration. When OFF, the command will be inactive. These controls also manipulate the corresponding Pulse
# controls on the main DI-EPT Tab.

2 SOI Timing
SDITiming(DBTDC}H3U H|20 |||10 |H5 |H0 |||-20
Tip Strip: Start Of Injection angle with respect to TDC
Units: DBTDC

© 2013 National Instruments. All rights reserved.



National Instruments Direct Injector Driver System Manual

Detail: When DIX Timing Mode is set to SOI, this parameter specifies the Start of Injection (SOI) timing in
Degrees before TDC. When DIX Timing Mode is set to EOI, this parameter is disabled and retains its most
recent value.

b

Inj1 SOI

A
Y

Inj2 SOI

-

I Inj3 8QI |
-——————————————

Injé SOI I

A

| ] | Inj5 SOI
| | Inj4 SOI -

| | * '| |
|

I
Inj1 Duration lInj2 Duration Inj3 Duration Inj4 Duration
I
Iq)1 Quration Igj2 Duye e buy
l

|
\
\
|
I
'Inj6 Duration

(- )
}InJS Duration i
| I

TDCX

|
| Inj1Pulse | In2Pulse | Inj3 Pulse | Inj4Pulse | Inj5Pulse | Inj6 Pulse i

Figure 4.5.2.1.a, Pulse Train for SOl Timing Mode. The reference timing is TDC position for each individual cylinder. Applicable to
EPT mode.

3 EOI Timing

EOI Timing (DBTDC) | 30 20 10 5 0 -20
Tip Strip: End Of Injection angle with respect to TDC
Units: DBTDC

Detail: When DIX Timing Mode is set to EOI, this parameter specifies the End of Injection (EOI) timing in
Degrees before TDC. When DIX Timing Mode is set to SOI, this parameter is disabled and retains its most
recent value.

—

Inj1 EOI_

A

[ Inj2 EOI_|
| Jnjs EOI
' Inj3 EOI_ ™
| Inj5 EOI

In4aEOI (% ™
[

Y

R, £+ VR . S

I
I
I |
‘ I
I |
) ) . L . . | . .
Inj1 Duration  Inj2 Duration Inj3 Duration Inj4 Duration
I |

I

I
Inj5 Duration Inj6 Duration
o

]

TDCX

|
| Inj1Pulse | Inj2Pulse | Inj3 Pulse | Inj4Pulse | Inj5Pulse | Inj6 Pulse i

Figure 4.5.2.1.b, Pulse Train for EOI Timing Mode. The reference timing is TDC position for each individual cylinder. Applicable to
EPT mode.
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4 Duration Ch1 (msec)

| | S | O | O | o

Tip Strip: Duration of injection pulse

Units: msec
Detail: Specifies the time duration of the injection pulse. The ON/OFF button above each Timing and

Duration parameter determines whether the pulse will be active or inactive.

Duration Chl {msec)

5 Duration Ch1 (CAD)

ouraton it (CAD) | 3.6 |[1.295 || /18 IE o IE
Tip Strip: Duration of injection pulse
Units: CAD

Detail: This parameter is always disabled, but automatically updated with a calculated value. It is calculated
based on Duration (msec) and engine speed shown in the EPT Tab of the Engine Position Tracking Setup

window.

DIX Timing Mode
DIl Timing Mode

4 EOI
S01I
Tip Strip: Selects timing mode of each injection pulse as Start Of Injection or End Of Injection
Detail: Selector for choosing between Start of Injection “SOI” Mode and End of Injection “EOI” Mode. When
SOl mode is selected, the EOI Timing parameters will be disabled and retain their most recently entered end
of injection angle. When EOI mode is selected, the SOI Timing parameters will be disabled and retain their

most recently entered start of injection angle.

7 Enable Individual DI1 Channel Duration

Enable Individual
DI1 Channel
Duration

Tip Strip: Defines whether the DI Driver module is in uniform or individual mode.
Detail: Activates the individual channel duration controls shown on this screen and also controls the Uniform/
Individual Channel Duration Indicator on the DI-EPT Pulse Generation Tab.

8 Duration Ch2 and Ch3
GEN | oz | Zem | o

B¥/6] 1.44 17.28 0

s | fodsT | 26 | jomn

6.48 1.08 18.72 0

o
0
o

0

o

0

o

0

Duration Ch2 (msec)
Duration Ch2 (CAD)

Duration Ch2 (msec)

Duration Ch3 (CAD)

Detail: Please see information for channel 1
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9 Average Duration

0.177 2
1.272 18

0
0

0
0

0.733

Avg Duration (msec)

0
0

‘Avg Duration (CAD) | 5.28

Detail: Displays the average duration of the injection commands for all three channels.

10 SkipFire_DI1_ChnX

SkipFire_DI1_Chnl
SkipFire_DI1_Chn2

SkipFire_DI1_Chn3

Tip Strip: Enables Skip Fire on DI channel when EPT Mode is selected
Detail: Enables the skip fire sequence defined by SkipFire_Cycles and SkipFire_OnCycle for their assigned
DI channels. Also manipulate and are manipulated by the corresponding SkipFire_DI1_ChnX buttons on the

DI-EPT Pulse Generation Tab.

SkipFire_Cycles

11
SkipFire_Cycles
Tip Strip: Specifies the period length, in number of cycles, for the skip fire sequence in EPT Mode (Min = 1).
Detail: Specifies the number of cycles included in a skip fire sequence when the DI injector is operated in
EPT mode. For example, if the number 7 is entered, the DI injector will continuously repeat a seven cycle
sequence as long as SkipFire_DI1_ChnX is enabled for the desired channel. It also manipulates and is
manipulated by the corresponding SkipFire_Cycles controls on the DI-EPT Pulse Generation Tab and the
other DIX Advanced Settings windows.

12 SkipFire_OnCycle

SkipFire_0OnCycle

Tip Strip: Specifies the number of active cycles during skip fire sequence in EPT Mode (Min = 1).

Detail: Specifies the number of active cycles included in a skip fire sequence when the DI injector is operated
in EPT mode. For example, if the number 4 is entered and DI SkipFire_Cycles is set to 7, the Dl injector

will continuously repeat a seven cycle sequence with four active cycles as long as SkipFire_DI1_ChnX is
enabled for the desired channel. It is also manipulated by the corresponding SkipFire_OnCycle control on
the DI-EPT Pulse Generation Tab and the other DIX Advanced Settings windows.
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The PFI tab is for configuring both EPT and TMP operating modes for the PFI channels of the PFI Driver module.
The EPT and TMP injection pulse command sequences support one pulse and apply it to all four PFI channels

of the module. The individual channel enable buttons, operating mode, and current profile parameters for the PFI
Driver module are configured via the PFl and LS Driver Setup window. When the EPT Mode is selected in the PFI
Module Control tab of the PFI and LS Driver Setup, the TMP parameters of this tab are not applicable. When TMP

Mode is selected in the PFI Module Control tab of the PFI and LS Driver Setup, the EPT parameters of this tab are
not applicable. The lowside driver channels of the PFI Driver module do not have the ability to be operated engine-
synchronously and are not configured from this tab (refer to PFl and LS Driver Setup window). The PFI Driver
module is an optional module for DI Driver Systems and this tab is not applicable when the module is not present.

1 E

T

r
s>« Pulse Generation Setup

=] o] |

(PFI 1-4 only)

DI-TMP \ DI-EPT
Pulse Enable
EPT MOde Tming (08T0C) | 300 PFI1_SkipFire_Cycles
PFI Driver  ounston cni (msec) |G ]

f: 1
PFI1_SkipFire_0OnCycle

—— A

)
)
Duration chl (cap) 0
)
Duration Ch2 (CaD) O
)
)
)
)

Duration Ch3 (CAD) O

Duration Ch4 (CAD) 0

TMP Mode
PFI Driver
(PFI 1-4 only)

Pulse Enable
AT THP-OneShot_PFI_Chnl

Delay (msec) [0

Duration Ch1 (msec

Duration Ch2 (msec

(msec)
(msec)
Duration Ch3 (msec)
(msec)

Duration Ch4 (msec

PFI

PFI Module Pinout

— BATT

Pulse Generation
is not relevant to
Low Side Channels

0

1

2

3

4

Bl — PAI1
[ — PF12
il — rriz
Il — PFI4
9

— GHD

PT Pulse Enable
Pulse Enable

Tip Strip: Enables injection pulse
Detail: When ON, the EPT Mode command to the PFI Driver module will be active for the specified duration.
When OFF, the command will be inactive, but the specified timing and duration will still be implemented.
Therefore, the timing of the adjacent pulses will remain the same whether the pulse is ON or OFF.

iming

Timing (DBTDC) | 300

Tip Strip: Start Of Injection angle with respect to TDC

Units: DBTDC

Detail: Specifies the Start of Injection (SOI) timing in Degrees before TDC.
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Duration Ch1 (msec)
Duration Chl (msec) ’i‘

Tip Strip: Duration of injection pulse

Units: msec
Detail: Time duration of the EPT mode injection pulse. The ON/OFF button above each Timing and Duration

parameter determines whether the pulse will be active or inactive.

4 Duration Ch1 (CAD)

Duration chl {CaD) (O

Tip Strip: Duration of injection pulse

Units: CAD
Detail: This parameter is always disabled but automatically updated with a calculated crank angle degrees

duration value. It is calculated based on Duration (msec) and engine speed shown in the EPT Tab of the
Engine Position Tracking Setup window.

5 Duration Ch2-4 (msec) and (CAD)
Duration Ch2 (msec) -

Duration ch2 {cap) 0

Duration Ch3 (msec) -

Duration Ch3 (cap) O

Duration Ch4 (msec) -

Duration Ch4 (CAD) O

Tip Strip: Duration of injection pulse
Units: msec and CAD
Detail: See information for Duration Ch1 (msec) and Duration Ch1 (CAD)

6 SkipFire_PFI_ChnX

Tip Strip: Enables Skip Fire on selected DI channel when EPT Mode is selected.

Detail: Enables the skip fire sequence defined by PFI1_SkipFire_Cycles and PFI1_SkipFire_OnCycle for its
assigned PFI channel.

7 PFI1_SkipFire_Cycles
PFIl_SkipFireTQrcIes
B
Tip Strip: Specifies the period length, in number of cycles, for the skip fire sequence in EPT Mode (Min = 1).
Detail: Specifies the number of cycles included in a skip fire sequence when the PFl injector is operated in
EPT mode. For example, if the number 7 is entered, the PFI injector will continuously repeat a seven cycle
sequence as long as SkipFire_PFl_ChnX is enabled for the desired channel.
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PFI1_SkipFire_OnCycle
PFIl_SkipFire_\OnCYcIe
B
Tip Strip: Specifies the number of active cycles during skip fire sequence in EPT Mode (Min = 1).
Detail: Specifies the number of active cycles included in a skip fire sequence when the PFI injector is
operated in EPT mode. The length of the sequence is determined by PFI1_SkipFire_Cycles, and the
sequence is enabled by SkipFire_PFI_ChnX for the desired channel. The value is programmatically limited to

values between and including 1 and PFI1_SkipFire_Cycles.

g TMP Pulse Enable
Pulse Enable

Tip Strip: Enables injection pulse
Detail: When ON, the TMP Mode command to the PFI Driver module will be active for the specified duration.

When OFF, the command will be inactive, but the specified timing and duration will still be implemented.
Therefore, the timing of the adjacent pulses will remain the same whether the pulse is ON or OFF

10 Delay
Delay (msec) |Q
Tip Strip: Time until beginning of this injection pulse

Units: msec
Detail: Specifies the delay of the start of injection from the trigger event.

1 Duration Ch1
Duration Ch1 (msec) -
Tip Strip: Duration of injection pulse

Units: msec
Detail: Time duration of the TMP Mode injection pulse. The ON/OFF button above each Delay and Duration

parameter determines whether the pulse will be active or inactive.

12 Duration Ch2-4

Duration Ch2 (msec) ’i‘
Duration Ch3 (msec) ’i‘
Duration Ch4 (msec) ’i
Tip Strip: Duration of injection pulse
Units: msec

Detail: See information for Duration Ch1.
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13 TMP-OneShot_PFI_ChnX

TMP-OneShot_PFI_Chnl

TMP-OneShot_PFI_Chn2

TMP-OneShot_PFI_Chn3

TMP-OneShot_PFI_Chn4

Tip Strip: Manually triggers TMP injection command sequence

Detail: Pressing this button will trigger the configured TMP command sequence to the associated PFI Driver
module channel. The sequence will be triggered once with each button press.
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4.6 Engine Position Tracking Setup Window

The purpose of the Engine Position Tracking (EPT) Setup window is to configure angular position tracking of the
engine crankshaft for supervising the generation of engine-synchronous injection commands. The Engine Position
Tracking Setup window contains a tabbed pane with four tabs:

EPT: Tab for configuring parameters related to the EPT functions

TDC Channel Mapping: Tab for assigning Top Dead Center (TDC) values to each DI Driver and PFI Driver channel.
Cam Phase Capture: Tab for configuring the crank angle capture of rising edges of Cam1 and Cam2 signals.

EPT Diagnostics: Tab for diagnosing problems with engine position tracking and signals.

Configuration of EPT is only applicable if one or more of the DI Driver modules or PFI Driver module is configured for
EPT mode. EPT supports a variety of crank and cam signal patterns, including encoder patterns, N-M patterns and
N+1 patterns.

Position Signal Types and Connections

The DI Driver System only supports digital crank and cam position signal types wired to the NI 9411 digital input
module(s). Hall-effect sensors are a common example of digital position sensors. They are active sensors requiring
power and ground. There are a wide variety of Hall-effect position sensors and they typically have three wires.
Some drive their outputs digitally low and high from 0 V (signal ground) to the sensor power supply voltage, resulting
in a square-wave pulse as a trigger tooth passes the sensor. The NI 9411 will accept a high digital voltage level

up to 24V. Other types of Hall-effect sensors have an open-collector or open-drain output which requires a pullup
resistor (typically ~5 KOhm) connected between the sensor output and the sensor power supply voltage. The pullup
resistor should be installed as physically close to the NI 9411 module as possible. The sensor data sheet should be
consulted for properly connecting the sensor to power, ground, and the NI 9411 digital input channel.

The NI 9411 supports both single-ended and differential digital signal types. Hall-effect sensors typically have single-
ended outputs and should be wired to the “a” input pin of its associated digital input channel, while leaving the “b” pin
disconnected, or floating. This configuration causes a default 1.5V threshold for detecting a low (FALSE or 0) or high
(TRUE or 1) digital input. If the sensor requires a different switching threshold, then a voltage other than 1.5V can
be wired to the “b” pin. This can be accomplished by a simple resistor voltage divider close to the module.

Sometimes, optical encoders have a differential, or complementary pair of outputs for each signal. In this case, the
differential pair should be connected to the “a” and “b” pins of the NI 9411 input channel.

In all cases, the sensor ground should be connected to the NI 9411 COM pin as a voltage reference, otherwise the
module will not be able to read the proper digital signal level. Refer to the operating manual for the NI 9411 module
for further details.

Variable Reluctance (VR) position sensors are not supported by the DI Driver System. VR position sensors are
passive sensors and are sometimes referred to as inductive or magnetic (“mag”) pickup sensors. They typically have
only two wires. These sensors output a positive/negative sinusoidal waveform with an amplitude proportional to the
speed of the trigger wheel. The NI 9411 digital input module does not support such waveforms.

Supported Pattern Types

The EPT function supports three crank and cam pattern types described in Table 4.6.a below.
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Pattern Type

EPT Type
Selections

Pattern Description

EPT N-M 7

N-M patterns have N evenly spaced teeth and M
missing adjacent teeth (gap) on the crankshaft trigger
wheel. M is limited to 1 or 2 missing teeth. N is stated
in terms of evenly spaced teeth, as if there were no
missing teeth. For example, a 60-2 pattern would
consist of 58 physical teeth followed by two missing
teeth. EPT N-M function can be configured to track
360 or 720 degrees depending upon an optional
camshaft input. When tracking 360 degrees for
2-stroke engines, the camshaft input is ignored.
When tracking 720 degrees for 4-stroke engines,

the camshaft input signal must be TRUE during
every other crank tooth gap. The cam signal can be
manipulated using the offset and extend functions to
satisfy this requirement.

EPTN+19

N+1 patterns have N evenly spaced teeth and a
single additional tooth (Plus1), placed between

two evenly spaced teeth, on the crankshaft trigger
wheel. The Plus1 tooth can be located at one of two
different positions between two evenly spaced teeth,
advanced or retarded. N is stated in terms of evenly
spaced teeth, as if there were no additional teeth. For
example, a 6+1 pattern would consist of 6 physical
evenly spaced teeth and an additional physical tooth
placed between two evenly spaced teeth. EPT N

+1 function can be configured to track 360 or 720
degrees depending upon an optional camshaft input.
When tracking 360 degrees for 2-stroke engines, the
camshaft input is ignored. When tracking 720 degrees
for 4-stroke engines, the camshaft input signal must
be TRUE during every other Plus1 tooth. The cam
signal can be manipulated using the offset and extend
functions to satisfy this requirement.

Encoder

EPT Enc 2
EPT Enc 4

Encoder patterns have N evenly spaced teeth on the
crankshaft with a separately sensed single reference
(index) tooth on the crankshaft or camshaft. The
rising edge of the reference must occur between
the same two crankshaft teeth rising edges each
engine cycle. The EPT Encoder function can be
configured to track 360 or 720 degrees. When
tracking 360 degrees, the reference tooth is located
on the crankshaft, yet is directed to the CamSig input
of the EPT function. When tracking 720 degrees, the
reference tooth is located either on the crankshaft or
on the camshaft. When located on the crankshaft,
then an additional cam phase signal must be present
in order to mask (using EncZMask) every other crank
reference, such that every other crank reference is
allowed to pass through to the CamSig input of the
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EPT function. This would cause the crank encoder
pattern to effectively generate twice the teeth between
each reference tooth seen by the EPT function.

Table 4.6.a, Supported EPT Patterns

Brief Glossary of EPT Function Terms

CAD: Crank Angle Degrees. There are 360 CAD per two stroke cycle or one crankshaft rotation. There are 720 CAD
per 4-stroke cycle, or two crankshaft rotations. In a 4-stroke engine, the camshaft completes exactly one rotation per
two rotations of the crankshaft. There are two strokes of the piston (up and down) within the cylinder during a single
rotation of the crankshaft. A single stroke of the piston covers 180 CAD.

EXTRAP: The single numerical digit suffix of each EPT function selection refers to the level of EPT Position
Extrapolation. This is a fixed power of two by which the angular resolution of tracked crankshaft position is improved
over the physical teeth alone. For example, if the EPT function has a fixed extrapolation level of 7, then the crank
angle resolution between each physical tooth is improved by a factor of 227 = 128. Each individual extrapolated
angle unit between the physical crank teeth is called a Crank Angle Tick (CAT)

CAT: Crank Angle Ticks. Single unit of angular measure of the EPT function. Reported as a power-of-two angular
ticks of crank position travel, having a resolution dependent on EXTRAP and the number of physical teeth per
crankshaft rotation. For example, if using the N-M EPT VI, which has an extrapolation of 7, the number of CAT per
crank tooth would be 2A7=128, and angular position would be evenly incremented by 128 CAT from one physical
tooth to the next. If a 60-2 pattern were used, the maximum number of CAT per crankshaft rotation would be
60*128=7680. If the engine was a 4-stroke, the total number of CAT per engine cycle would be 2*60*128=15360.
MAX_CAT: Maximum Crank Angle Ticks per engine cycle.

EPT Function Commonality

EPT Input Signals

All EPT functions have a common internal core that tracks angular position. The supporting internal logic around the
core interprets the incoming crank and cam position pulses according to an expected pattern. Each EPT function
has a Boolean crankshaft and camshaft input. These signals may be connected via any available NI 9411 digital
input source within the DI Driver System. The pattern input signals are named according to the most common
engine applications, such that there is a crankshaft trigger wheel and an optional 4-stroke camshaft trigger wheel.
However, it is also possible to operate with a single trigger wheel mounted to a camshaft of a 4-stroke engine. This
would require routing the physical camshaft trigger wheel sensor signal into the Crank_DigChanAsn of the DI Driver
System. Refer to the Digital Input Setup window description for assigning NI 9411 digital inputs to internal signals.

Digital Signal Filtering
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It is often necessary to implement filtering of the crank and/or cam signals prior to entering the EPT function. The
DI Driver System software provides an integrating filter function which rejects positive and negative digital signal
pulses having a pulse width less than the filter time. Refer to the Digital Input Setup window description for further
information about filtering the NI 9411 digital inputs.

EPT Pattern Simulation

All EPT functions contain a built in pattern simulation tool specific to the pattern for which the EPT function was
configured. Pattern simulation is turned on simply by setting EngineSimEnable button of the EPT tab to TRUE and
setting the SimulatedSpeed to an appropriate value for the simulated speed. When simulation is turned on, the
Crank and Cam inputs to the EPT function are internally disconnected and replaced by the internally simulated
counterparts. The simulation feature allows the designer to bench test the DI Driver System functionality at any stage
of the development without the need for external simulation hardware.

Achieving Sync

In order for position tracking (sync) to start, a few conditions must be met. First, some pattern specific values must
be set correctly to the EPT function, such as NumberOfCrankTeeth, NumberOfMissingTeeth (if N-M), Stroke, and
StallSpeed. Next, the SyncEnable must be turned ON. Next, the EngineSpeed must exceed the StallSpeed. When
the stall speed (RPM) is exceeded, the CrankStalled indicator will be set to Spinning and the EPT function begins
counting a complete cycle of crank teeth. After a complete engine cycle of crank teeth is received, the EPT function
begins looking for the first occurrence of a unique feature of the crankshaft and camshaft pattern which identifies an
absolute position. For example, if an N-M pattern is being used, the function searches for the occurrence of the M-
tooth gap. This is the moment of achieving sync. When sync is achieved, the SyncStopped indicator is set to Sync
and the angular position of the crankshaft will be tracked. As sync is maintained, CrankCount will show the latest
crankshaft tooth count with respect to absolute 0 position. Each EPT function will have different rules for achieving
and maintaining sync, as well as location for absolute position 0. This information is contained in the EPT Pattern-
Specific Information section below.

CrankCount

During sync, the EPT function provides the latest crank tooth count at the CrankCount indicator, referenced to tooth
0. Tooth 0 is determined according to the pattern that is being tracked and is discussed within the Pattern-Specific
Information section below. CrankCount is provided in terms of a complete engine cycle and is reported as if there
were no missing or extra teeth in the pattern. For example, if the pattern type is N-M, NumberOfCrankTeeth = 60 and
Stroke = TRUE, then CrankCount will range from 0 to 119. CrankCount is for monitoring purposes only.

Crank Position

During sync, the EPT function calculates the latest crankshaft position in terms of absolute Crank Angle Ticks (CAT)
over a complete engine cycle, referenced to position 0. It is internally converted to a crank angle position in terms of
Crank Angle Degrees (CAD), referenced to position 0, so that injection angles may be specified in CAD. Position 0
is determined according to the pattern that is being tracked and is discussed within the Pattern-Specific Information
section below. The CurrentPosition in CAD is calculated according to the following:

CurrentPosition(CAD) = [CurrentPosition(CAT) * Stroke * 360] / MAX_CAT

Where Stroke = 2 if 4-stroke, and Stroke = 1 if 2-stroke.

CurrentPosition is not displayed on the EPT tab because it changes very rapidly.

Position Tracking

Between each crank tooth, CurrentPosition is incremented smoothly at a rate proportional to the previous crank
tooth period. In the presence of crankshaft acceleration or deceleration, sync is still properly maintained. If a new
crank tooth is received before CurrentPosition has incremented to the correct position, then CurrentPosition is
incremented at a faster rate until proper synchronization is achieved. CurrentPosition is then further incremented at
a rate proportional to the previous crank tooth period. If CurrentPosition reaches the correct position expected for the
next tooth before the tooth is received, then CurrentPosition holds its value until the next crank tooth.
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EPT Function Selection

There are four EPT function selections available in the EPT_Type drop-down list. Each EPT function type is
optimized for a particular range of number of crank teeth. For example, the DI Driver System provides two encoder
pattern EPT functions, each optimized for different ranges of crank tooth counts. The suggested tooth count
ranges are shown below in Table 4.6.b for each pattern type selection. The EPT function extrapolation value,
which is the single-digit suffix of each EPT_Type selection, will affect the CAD resolution of the internally calculated
CurrentPosition. The worst case resolution is 0.500 CAD for very low encoder pattern tooth counts.

For example, if using a 4-stroke 36-1 pattern, then the suggested EPT function is the “EPT N-M 7”. The “7”
component of the selection refers to the number of bits of binary extrapolation of crank angle between each crank
tooth. In this case, CurrentPosition would increment by 27, or 128 CAT, between each crank tooth. The range of
CurrentPosition would be from 0 to MAX_CAT = 2*36*128 = 9216. This is the total number of angular positional
ticks that are tracked by the EPT over a complete 4-stroke engine cycle. Therefore CurrentPosition will track

from 0 to 9216 and roll over to 0 at the occurrence of tooth 0. This provides an angular resolution of 0.078 CAD/
CAT. The calculated CurrentPosition is maintained with a 16-bit integer and cannot exceed 65535. Therefore,
NumberOfCrankTeeth should not exceed a value that causes MaxCAT to exceed 16-bit representation. The
calculated MaxCAT value is displayed on the EPT tab.

Pattern Type NumberOfCrankTeeth Stroke | Extrapolation MaxCAT CAD / CAT
EPT ENC 2 (max) 3600 4 2 28800 0.025
EPT ENC 2 (min) 180 4 2 1440 0.500
EPT ENC 4 (max) 720 4 4 23040 0.031
EPT ENC 4 (min) 45 4 4 1440 0.500
EPT N-M 7 (max) 120 4 7 30720 0.023
EPT N-M 7 (min) 12 4 7 3072 0.234
EPT N+1 9 (max) 24 4 9 24576 0.029
EPT N+1 9 (min) 4 4 9 4096 0.176

Table 4.6.b, EPT function Extrapolation Values and Suggestion Tooth Count Ranges

Loss of Sync

The EPT will lose sync under normal conditions if the crankshaft speed falls below the stall speed, as specified by
the StallSpeed parameter of the EPT tab. Keep in mind that the EPT function uses a 24-bit, 40MHz timer to measure
the period between each physical tooth. Therefore, a StallSpeed should be specified such that the tooth period timer
will not exceed 24-bit representation. This is a straight-forward calculation for encoder patterns. For example, if a
180-count encoder were used on the crankshaft, and it is desired to have a StallSpeed of 50 RPM, then the resulting
tooth period timer for that speed (266666) must be checked so that it does not exceed a 24-bit value (2%24). It does
not, so a StallSpeed of 50 RPM is acceptable. When EPT N-M 7 function is selected, extra attention must be given
to the StallSpeed parameter. For example, if a 60-2 crank pattern is used, then there is a two-tooth gap, which
means that the timer period during the gap will be three times the period between the other evenly spaced teeth.

A true crankshaft StallSpeed of 50 RPM correlates to an evenly spaced tooth period of 20 milliseconds. Therefore,
the period during the gap would be 60 milliseconds at 50 RPM. Sixty milliseconds correspond to a 40 MHz timer
value of 2400000, which can be represented by a 24-bit value. Therefore, a 50 RPM StallSpeed is acceptable for
this example.
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The EPT function will lose sync in error when missing or extra crank/cam pulses are encountered where unexpected.
In all conditions, when sync is lost, CrankCount will be set to 0 and SyncStopped will be set to “Stopped”. A loss

of sync due to an error condition will be further signaled by the appropriate pattern-specific error flag on the EPT

tab. An error condition causing loss of sync will prevent any further sync until the error flag is cleared using the
SyncFlagClear button on the EPT tab. An obvious possible reason for such errors would be that the crank or cam
trigger wheel pattern does not match the configuration of the selected EPT function. If this is the case, the EPT will
either not sync at all or will lose sync almost immediately after initial sync. Assuming that the trigger wheel pattern is
correct, there is another common source of sync errors, which is electrical noise. This problem is discussed below,
along with some diagnostic techniques.

Electrical Noise

Electrical noise can be picked up and manifested in a wide variety of ways. There are a few guidelines that should
be followed for ensuring appropriate immunization against electrical noise. It is unlikely that noise will be introduced
on the crank or cam signals between the NI 9411 module and the cRIO controller. It is most likely that electrical noise
will be picked up along the wires between the sensor and the external connection to the NI 9411 module. If possible,
the wiring for sensors should be twisted shielded pairs and as short as possible. There should be few electrical
connections between the sensor and the module. The signals should be routed away, if possible, from high-current
wires such as injector wires or dynamometer wiring. The NI 9411 module should have a sensor signal ground
connected to its COM pin. Efforts should be made to fully understand all ground connections within the system,
making sure that ground connections are made in a “star” fashion instead of daisy-chain. Daisy-chain grounding can
lead to problematic ground loops where sensors and actuators use signal ground reference wires as a return path
for current back to ground. The wire used for NI 9411 COM ground reference should not be considered as a power
ground return path. If noise spikes are still causing false triggering of the digital input circuit, digital filtering may be
implemented within the DI Driver System using the integrated digital filter function. The digital filter rejects signal
pulses up to a specified width. The filter times are specified via the Digital Input Setup window. It is common to use
a filter time of 1 to 5 microseconds. If filter times higher than 10 microseconds are required, then it is likely that noise
problems can be resolved in the external wiring.

Troubleshooting

Achieving reliable, clean crank and cam signals can sometimes be a trial and error process. It is National
Instruments’ experience that reliable sync is often not achieved with the first attempt at running the engine over the
entire speed and load range. Even though sync may occur successfully at low engine speeds, it does not always
mean that sync will be consistent at high speeds or loads due to trigger wheel imperfections, sensor placement
distance from the trigger teeth, ignition or injection radiated noise, or camshaft position lash or stretch with respect to
the crankshaft. The system engineer should take care to check that external signal shielding and routing are optimal
and that there is plenty of signal-edge margin for cam belt or chain stretch.

The EPT Diagnostics tab can be used to capture the crank and cam signals for diagnosing post-filter problems with
extraneous pulses or pulse alignment. The EPT Diagnostics tab can continuously display crank and cam signals and
then be stopped for analysis. The signals can be captured upon a loss of sync trigger to look at the crank and cam
signals captured before the loss of sync.

EPT Pattern-Specific Information

N-M Patterns

Pattern Description:

N-M patterns have N evenly spaced teeth and M missing adjacent teeth (gap) on the crankshaft trigger wheel. M

is limited to 1 or 2 missing teeth. N is stated in terms of evenly spaced teeth, as if there were no missing teeth. For
example, a 60-2 pattern would consist of 58 physical teeth followed by two missing teeth. EPT N-M function can be
configured to track 360 or 720 degrees depending upon an optional camshaft input. When tracking 360 degrees
for 2-stroke engines, the camshaft input is ignored. This is designated by configuring the function with Stroke = 2-
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STROKE. When tracking 720 degrees for 4-stroke engines, the camshaft input signal must be TRUE during every
other crank tooth gap. This is designated by configuring the VI with Stroke = 4-STROKE.

2-Stroke Applications:

Position 0 and tooth 0 coincide with the first tooth following each crank tooth gap. The CamSig input is ignored.
CrankCount will increment from 0 to NumberOfCrankTeeth - 1. During crank tooth gaps, CrankCount will
continue to increment at the location of each missing tooth. For example, if NumberOfCrankTeeth (N) = 60 and
NumberOfMissingTeeth (M) = 2, then CrankCount would increment from 0 to 59, such that teeth 58 and 59 would
correspond to the two missing teeth and tooth 0 would correspond to the tooth following missing tooth 59.

4-Stroke Applications:

Position 0 and tooth 0 coincide with the first tooth following the crank tooth gap while the CamSig input is TRUE.
The CamSig is only used for achieving initial sync. Once sync is achieved, it is maintained according to the location
of each gap. However, CamSig is still monitored to report whether the signal is normally alternating high and low at
each gap. The CamHistory indicator of the EPT tab reports whether the signal is “Normal”, “Always High”, “Always
Low”, or an unexpected pattern reported as “Error”. CrankCount will increment from 0 to 2*NumberOfCrankTeeth - 1.
During crank tooth gaps, CrankCount will continue to increment at the location of each missing tooth. For example,
if NumberOfCrankTeeth (N) = 60 and NumberOfMissingTeeth (M) = 2, then CrankCount would increment from 0

to 119, such that teeth 58 and 59 would correspond to the two missing teeth while CamSig is FALSE. Teeth 118
and 119 would correspond to the two missing teeth while CamSig is TRUE. Tooth 0 would correspond to the tooth
following missing tooth 119.

It is allowed for CamSig to have more than one pulse per cycle, as long as the signal is high and low during the
correct crank tooth gap for the correct phase of the engine. In some applications CamSig may only be a single short
pulse which is not high during either crank tooth gaps. In this case, the CamOffset and CamExtension parameters
may be used to move the cam signal forward by a specified number of crank teeth and extend the CamSig for

a specified number of crank teeth in order to cover one of the gaps. The Cam Offset function results in the cam
signal width being equal to one crank tooth period; therefore, the extension function is required to extend it over the
appropriate gap.

N+1 Patterns

Pattern Description:

N+1 patterns have N evenly spaced teeth and a single additional tooth (Plus1), placed between two evenly spaced
teeth, on the crankshaft trigger wheel. There are two different sub-configurations within this pattern type, specified
by the Plus1Location button. An advanced Plus1 tooth must be positioned such that it is advanced from the midpoint
between two evenly spaced teeth. The amount of advance must be at least 4 of the normal tooth spacing. A
retarded Plus1 tooth must be positioned such that it is retarded from the midpoint between two evenly spaced teeth.
The amount of retard must be at least 74 of the normal tooth spacing. N is stated in terms of evenly spaced teeth, as
if there were no additional teeth. For example, a 6+1 pattern would consist of 6 physical evenly spaced teeth and an
additional physical tooth placed between two evenly spaced teeth. EPT N+1 function can be configured to track 360
or 720 degrees depending upon an optional camshaft input. When tracking 360 degrees for 2-stroke engines, the
camshaft input is ignored. This is designated by configuring the function with Stroke = 2-STROKE. When tracking
720 degrees for 4-stroke engines, the camshaft input signal must be TRUE during every other Plus1 tooth. This is
designated by configuring the function with Stroke = 4-STROKE.

2-Stroke Applications (Stroke = FALSE):

For advanced Plus1 tooth configurations, position 0 and tooth 0 coincide with the first tooth following the Plus1
tooth. For retarded Plus1 tooth configurations, position 0 and tooth 0 coincide with the second tooth following

the Plus1 tooth. The CamSig input is ignored. CrankCount will increment from 0 to NumberOfCrankTeeth - 1.
CrankCount will not be incremented at the location of the Plus1 tooth. For example, if the Plus1 tooth is advanced,
and NumberOfCrankTeeth = 6, then CrankCount would increment from 0 to 5, such that tooth 5 would correspond
to the tooth immediately before the Plus1 tooth and tooth 0 would correspond to the tooth immediately following the

© 2013 National Instruments. All rights reserved.



National Instruments Direct Injector Driver System Manual

Plus1 tooth. As another example, if the Plus1 tooth is retarded, and NumberOfCrankTeeth = 6, then CrankCount
would increment from 0 to 5, such that tooth 5 would correspond to the tooth immediately after the Plus1 tooth and
tooth O would correspond to the second tooth following the Plus1 tooth.

4-Stroke Applications (Stroke = TRUE):

For advanced Plus1 tooth configurations, position 0 and tooth 0 coincides with the first tooth following the

Plus1 tooth while the CamSig input is TRUE. For retarded Plus1 tooth configurations, position 0 and tooth

0 coincide with the second tooth following the Plus1 tooth while the CamSig input is TRUE. The CamSig is
actually only used for achieving initial sync. Once sync is achieved, it is maintained according to the location of
each Plus1 tooth. However, CamSig is still monitored to report whether the signal is normally alternating high

and low at each Plus1 tooth. The CamHistory indicator of the EPT tab reports whether the signal is “Normal”,
“Always High”, “Always Low”, or an unexpected pattern reported as “Error”. CrankCount will increment from 0 to
2*NumberOfCrankTeeth - 1. CrankCount will not increment at the Plus1 tooth. For example, if the Plus1 tooth is
advanced, and NumberOfCrankTeeth = 6, then CrankCount would increment from 0 to 11, such that tooth 5 and
tooth 11 would correspond to the tooth immediately before the Plus1 tooth while CamSig is FALSE and CamSig is
TRUE, respectively. Tooth 6 and tooth 0 would correspond to the tooth immediately following the Plus1 tooth while
CamSig is FALSE and CamSig is TRUE, respectively.

Tooth numbering for the two different Plus1 tooth location configurations is shown in figures 4.6.c and 4.6.d below.

6 + 1 (advanced)
Crankshaft

Trigger Wheel

Figure 4.6.c, 6+1 (advanced) crankshaft trigger wheel tooth numbering
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6 + 1 (retarded)
Crankshaft

Trigger Wheel

Figure 4.6.d, 6+1 (retarded) crankshaft trigger wheel tooth numbering

Encoder Patterns

Pattern Description:

Encoder patterns have N evenly spaced teeth on the crankshaft with a separately sensed single reference (index,
EncZ) tooth on the crankshaft or camshaft. The rising edge of the reference must occur between the same two
crankshaft teeth rising edges each and every cycle. The EPT ENC function can be configured to track 360 or 720
degrees. When tracking 360 degrees, the reference tooth is located on the crankshaft, yet is internally connected to
the CamSig input of the EPT function via the EncZ digital input. When tracking 720 degrees, the reference tooth is
located either on the crankshaft or on the camshaft. When located on the crankshaft, then an additional cam phase
signal must be present in order to mask (using EncZMask) every other crank reference, such that every other crank
reference is allowed to pass through to the CamSig input of the EPT function. Encoder style patterns are a very
common form of engine position tracking in both production and research engine control systems.

Production Engine Encoder Patterns:

In production engines, an encoder pattern will typically consist of a trigger position sensor sensing a relatively low
resolution crankshaft trigger wheel. The camshaft trigger position sensor is sensing a single tooth on the cam. For
this configuration, the cam position signal should be routed to the DI Driver System EncZ signal via the Digital Input
Setup window, and the EncZMask button of the EPT tab should be set to EncZ Passed. For this configuration, the
rising edge of the cam signal should occur as close as possible to the midway point between two crank signals. The
system designer should also ensure that the camshaft lash due to stretching of the camshaft belt or chain during
acceleration or deceleration will not cause the cam signal to move with respect to the crank signals by more than
half of the crank tooth spacing. For this reason, production systems will use a low resolution crank trigger wheel. The
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EncZ signal may be inverted via the Digital Input Setup window to properly present a rising edge between the same
two crank rising edges, each and every engine cycle.

Research Engine Encoder Patterns:

Optical encoders are a common source of signals for this pattern type in research applications. A single optical
encoder will typically have three different outputs named A, B and Z. Signals A and B are quadrature encoded 90
degrees out of phase, while Z is a single reference pulse per 360 degrees rotation of the encoder shaft. Signal A

or B (not both, typically A) may be wired to the Crank digital input while signal Z must be wired to the EncZ digital
input. Encoders having pulse-counts of 360 to 3600 pulses per rotation are common for research engine control
applications, although any pulse count may be used. The EPT ENC function will then extrapolate this to an improved
resolution, depending on the EPT extrapolation level.

If the optical encoder is mounted to the crankshaft, then NumberOfCrankTeeth should be set to the encoder pulse-
count and Stroke should be set according to the engine type — 2-STROKE or 4-STROKE. If the engine is a 4-stroke,
then a cam phase signal must be present and logically gated (EncZMask) with the Z pulse, so that every other Z
pulse is allowed to pass through. The gating function is accomplished by setting the EncZMask button to EncZ
Masked. The result will be that the EPT function will see two full rotations of crank pulses for every Z pulse. The
cam phase signal may be a complex pattern, as long as it provides a consistent TRUE state for one Z pulse and a
FALSE state for the next, repeating this pattern. The Cam offset and extension functions can be used to adjust the
cam phase signal in order to meet the proper masking requirement of the Z pulse.

If the engine is a 2-stroke, then the EncZMask button of the EPT tab should be set to EncZ Passed.

If the optical encoder is mounted to the camshaft, then NumberOfCrankTeeth should be set to the encoder pulse-
count divided by two, Stroke should set to 4-STROKE, and the EncZMask button should be set to EncZ Passed.
This setup will track 720 degrees.

With encoder patterns, position 0 and tooth 0 correspond to the rising edge of the first CrankSig tooth following the
rising edge of the EncZ input.
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4.6.1 EPT Tab

= Engine Position Tracking Setup = S ]
EPT TDC Channel Mapping | Cam Phase Capture EPT Diagnostics |
EPT_Type
[ O e anineSp eed CrankStalled
SyncEnable \ y
EngineStatus SyncStoppe !
SyncFlagClear r MissedGapFlag
- ‘ MissedCamFl
4-STROKE | Stroke MaCAT StallSpeed a issedCamFlag
15360 | cAT 25 ||RPM a MissedPlus1Flag
EngineSimEnable CrankCount FrankRunThreshoId AutoClearFlagWhieCranking
SimulatedSpeed 15 pulses 350 RPM
1000 ||RPM ‘
MNumberOfCrankTeeth CamExtEnable CamOffsetEnable
r 60 [pulses] CamSeIect Crank
i\lumberOﬂVlissingTeeth (;a_mExtension rC_amOf'Fset Encz Masked | EncZMask Cami
2 [pulses] SilL [pulses] | = |1 [pulses] -
CamHistory

Retard | Plusilocation

froma |

LOW EncZ

1 EPT_Type
EPT_Type

+ EPT ENC 2
EPT ENC 4
EPT N-M 7
EPT N+19

Tip Strip: Selects pattern type for the EPT function

Detail: EPT function selection for pattern type and extrapolation level. Some pattern type selections only
support one level of extrapolation due to the typical number of crank teeth for that pattern type. Refer to
tables 4.6.a and 4.6.b in the Engine Position Tracking Setup window section for pattern support details.
EPT ENC 2: Supports encoder pattern types and extrapolates to 2/2=4 Crank Angle Ticks (CAT) between

each crank tooth.

EPT ENC 4: Supports encoder pattern types and extrapolates to 224=16 CAT between each crank tooth.
EPT N-M 7: Supports N-M pattern types and extrapolates to 207=128 CAT between each crank tooth. M can
be one or two missing adjacent teeth.

EPT N+1 9: Supports N+1 pattern types and extrapolates to 2*9=512 CAT between each crank tooth.
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SyncEnable

SyncEnable

Tip Strip: Enables EPT to sync
Detail: When ON, sync is enabled and position tracking will take place if valid crank and cam signal patterns
are presented to the EPT function at an engine speed greater than the stall speed.

SyncFlagClear

OFF |SyncFlagClear

Tip Strip: Clears EPT errors

Detail: When ON, any of the following errors will be cleared: MissedCrankFlag, MissedGapFlag,
MissedCamFlag, and MissedPlus1Flag. This button will reset itself after being pressed.

Stroke

4-STROKE |Stroke

Tip Strip: Piston strokes per engine cycle

Detail: When 2-STROKE, the EPT is tracking teeth from 0 to NumberOfCrankTeeth. When 4-STROKE, the
EPT is tracking teeth from 0 to 2xNumberOfCrankTeeth.

EngineSimEnable

EngineSimEnabIe

Tip Strip: Enables simulation of select EPT type

Detail: When SIMULATE, CrankSig and CamSig inputs are internally disconnected from the EPT function
and simulated signals are connected in their place.

SimulatedSpeed
SimulatedSpeed

1000 RPM

Tip Strip: Simulated engine speed during Simulation mode

Units: RPM

Detail: The simulated crank speed of the simulated signals to the EPT function when EngineSimEnable
is set to SIMULATE. The EPT will not sync to the simulator unless the engine speed is greater than the

StallSpeed.
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7 NumberOfCrankTeeth
MumberOfCrankTeeth

r 60 ﬁ [pulses]

Tip Strip: Number of crank pulses per rotation

Units: pulses
Detail: Specifies the number of teeth on the crankshaft trigger wheel as if there were no missing or extra

crank teeth. For example, a 60-2 crankshaft pattern would have NumberOfCrankTeeth = 60. For encoders
this is the pulses per revolution.

NumberOfMissingTeeth
MNumberOfMissingTeeth

r 2 ﬂ [pulses]

Tip Strip: Number missing adjacent crank teeth for the gap. M =1 or 2.

Units: pulses
Detail: Specifies the number of missing adjacent teeth on the crankshaft trigger wheel for an N-M pattern

type. For example, a 60-2 crankshaft pattern would have NumberOfMissingTeeth = 2. This parameter is only
applicable for N-M pattern types.

o

9 Plus1Location

Retard | Plusilocation

Tip Strip: Plus1 tooth location with respect to mid-point

Detail: When Advance, the EPT is configured to look for a Plus1 tooth which is advanced from the mid-point
between two evenly spaced crank teeth. An advanced Plus1 tooth should be advanced from the mid-point
by approximately V4 of the normal tooth spacing. When Retard, the EPT is configured to look for a Plus1
tooth which is retarded from the midpoint between two evenly spaced crank teeth. A retarded Plus1 tooth
should be retarded from the mid-point by approximately %4 of the normal tooth spacing. This parameter is

only applicable for Plus1 pattern types.

10 EngineSpeed
EngineSpeed

1000.001| RPM

Tip Strip: Indicates engine speed
Units: RPM
Detail: Engine speed output from the EPT function.
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1 EngineStatus
EngineStatus

[RUNNING |

Tip Strip: Engine status based on StallSpeed and CrankRunThreshold
Detail: Indicates the status of the engine crankshaft as stalled, cranking, or running, depending on the values
of StallSpeed and CrankRunThreshold.

STALLED: Crank speed is less than StallSpeed
CRANKING: Crank speed is greater than StallSpeed and less than CrankRunThreshold

RUNNING: Crank speed is greater than CrankRunThreshold

12 MaxCAT
MaxCAT

15360 CAT

Tip Strip: Maximum crank angle ticks for complete engine cycle

Units: CAT

Detail: Maximum Crank Angle Ticks per engine cycle. A Crank Angle Tick (CAT) is a single unit of angular
measure by the EPT function. MaxCAT is reported as power-of-two angular ticks of crank position travel,
having a resolution dependent on binary extrapolation level and the number of physical teeth per crankshaft
rotation. For example, if using the N-M EPT VI, which has an extrapolation of 7, the number of CAT per
crank tooth would be 2A7=128, and the internally calculated CurrentPosition would be evenly incremented
by 128 CAT from one physical tooth to the next. If a 60-2 pattern were used and the engine was a 2-stroke,
the MaxCAT per engine cycle would be 60*128=7680. If the engine was a 4-stroke, the MaxCAT per engine

cycle would be 2*60*128=15360.

13 CrankCount

CrankCount

q pulses

Tip Strip: EPT crank pulse count while in sync

Units: pulses
Detail: The latest tooth count referenced to crank tooth 0. Tooth 0 is determined according to the pattern that

is being tracked and is discussed within the pattern specific EPT documentation. Also see the description
for GlobalTDCOffset. CrankCount is provided in terms of a complete engine cycle and is reported as if there
were no missing or extra teeth in the pattern. For example, if PATTERN = N-M, NumberOfCrankTeeth = 60

and Stroke = 4-STROKE, then CrankCount will range from 0 to 119.
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14 CrankStalled
CrankStaled

Tip Strip: Indicates engine speed is below StallSpeed
Detail: Indicates STALLED when the engine speed is below StallSpeed. Indicates SPINNING when the

engine speed is above StallSpeed.

15 SyncStopped
SyncStopped

Tip Strip: Indicates EPT is not in sync with engine
Detail: Indicates STOPPED while position tracking is not taking place. In other words, there is no
synchronization acquired with the crank and cam signals. Indicates SYNC while position tracking is taking

place.

16 StallSpeed
StalSpeed

25 RPM

Tip Strip: Engine speed at which EPT will lose sync and indicate CrankStalled

Units: RPM
Detail: A crankshaft speed less than StallSpeed causes the engine speed to indicate zero, CrankStalled to

indicate STALLED, and EngineStatus to indicate STALLLED.

17 CrankRunThreshold

CrankRunThreshold
350 RPM
Tip Strip: Engine speed which determines EngineStatus=RUNNING
Units: RPM
Detail: The engine speed threshold used to differentiate the EngineStatus between CRANKING and
RUNNING.

18 MissedCrankFlag

M MissedCrankFlag

Tip Strip: Indicates that not enough crank pulses were received for complete engine cycle
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Detail: Set to FAULT upon the detection of a pattern-specific crank feature while the CrankCount value has

not yet reached the expected value.
Encoder Patterns: Indicates FAULT when an EncZ rising edge occurs before the expected number of Crank

teeth have been counted.
N-M Patterns: Indicates FAULT when a gap occurs before the expected number of Crank teeth have been

counted.
N+1 Patterns: Indicates FAULT when a Plus1 tooth occurs before the expected number of Crank teeth have

been counted.
The FAULT condition causes a loss of sync. Re-sync is not allowed until the flag is cleared by pressing the

SyncFlagClear button.

19 MissedGapFlag

M MissedGapFlag

Tip Strip: Indicates that the crank gap was not detected when expected

Detail: This indicator only applies to N-M patterns. Indicates FAULT when an excess number of crank teeth
are counted before the gap is detected. In other words, physical teeth are received at the location where

a gap is expected. This condition causes a loss of sync. Re-sync is not allowed until the flag is cleared by
pressing the SyncFlagClear button.

20 MissedCamFlag

M MissedCamFlag

Tip Strip: Indicates that the EncZ rising edge was not detected when expected
Detail: This indicator only applies to encoder patterns. Indicates FAULT when an excess number of crank

teeth are counted before the EncZ rising edge occurs.
This condition causes a loss of sync. Re-sync is not allowed until the flag is cleared by pressing the

SyncFlagClear button.

21 MissedPlus1Flag

M MissedPlus1Flag

Tip Strip: Indicates that the crank Plus1 pulse was not detected when expected

Detail: This indicator only applies to N+1 patterns. Indicates FAULT when an excess number of crank teeth
are counted before the Plus1 tooth is detected. In other words, evenly spaced teeth are received at the
location where a Plus1 tooth is expected. This condition causes a loss of sync. Re-sync is not allowed until
the flag is cleared by pressing the SyncFlagClear button.
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22 AutoClearFlagWhileCranking
AutoClearFlagWhileCranking
OFF

Tip Strip: Auto-clears EPT errors during EngineStatus=CRANKING

Detail: Sometimes, as the engine stops, the crankshaft may spin in a way that causes an erroneous loss of
sync as the crankshaft comes to a rest and a fault flag will be set. This can often be prevented by increasing
the StallSpeed value. However, if an EPT fault flag is set when the engine stops, the DI Driver System

can optionally automatically clear any EPT fault flags during the next cranking of the engine for starting.
When this button is ON, then EPT error flags will be automatically cleared while EngineStatus indicates
CRANKING.

23 CamOffsetEnable
CamOffsetEnable

Disabled

Tip Strip: Enables the cam signal to be offset by a specified number of crank pulses

Detail: The DI Driver System provides an optional offset function applied to the cam signal selected by
CamSelect. The offset function offsets the cam signal by the number of crank teeth specified by CamOffset.
The starting reference for the offset is the rising edge of the cam signal input to the function. The resulting
offset cam signal will have a width equal to one crank tooth period. The offset cam signal will go high at

the falling edge of the crankshaft signal immediately following the specified CamOffset number of rising
edges of the crank signal. The offset cam signal will go low at the following rising edge of the crank signal.
The resulting signal may need to be extended. The input to the cam offset function is from the digital input
assigned to the Cam1 or Cam2 signal via the Digital Input Setup window. The output of the cam offset
function is delivered to the cam extension function. When Enabled, the cam signal is offset. When Disabled,
the camshaft signal is unaltered. The offset and the extended cam signals may be monitored in the EPT

Diagnostics tab.

24 CamOffset
CamOffset

=11 [pulses]
Tip Strip: Specifies the number of crank pulses to offset the cam pulse
Units: pulses
Detail: The DI Driver System provides an optional offset function applied to the cam signal selected by
CamSelect. The offset function offsets the cam signal by the number of crank teeth specified by CamOffset.
The starting reference for the offset is the rising edge of the cam signal input to the function. The resulting
offset cam signal will have a width equal to one crank tooth period. The offset cam signal will go high at
the falling edge of the crankshaft signal immediately following the specified CamOffset number of rising
edges of the crank signal. The offset cam signal will go low at the following rising edge of the crank signal.
The resulting signal may need to be extended. The input to the cam offset function is from the digital input
assigned to the Cam1 or Cam2 signal via the Digital Input Setup window. The output of the CamOffset
function is delivered to the CamExtension function. The offset and the extended cam signals may be
monitored in the EPT Diagnostics tab.
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25 CamExtEnable
CamExtEnable

Disabled

Tip Strip: Enables the cam signal to be extended by a specified number of crank pulses

Detail: The DI Driver System provides an optional extension function applied to the cam signal selected

by CamSelect. The extension function extends the cam signal by the number of crank teeth specified

by CamExtension. The starting reference for the extension is the rising edge of the cam signal input to

the function. Therefore, the resulting extended cam signal will be shorter than the input cam signal if the
CamExtension value is shorter than the cam input signal. The input to the CamExtension function is from
the output of the CamOffset function. The output of the cam extension function is delivered to the EncZMask
function for encoder patterns, and delivered directly to the EPT function for N-M and N+1 patterns. When
Enabled, the cam signal is extended. When Disabled, the cam signal is unaltered. The offset and the
extended cam signals may be monitored in the EPT Diagnostics tab.

26 CamExtension
CamExtension

=11 [pulses]
Tip Strip: Specifies the number of crank pulses to extend the cam pulse
Units: pulses
Detail: The DI Driver System provides an optional extension function applied to the cam signal selected
by CamSelect. The extension function extends the cam signal by the number of crank teeth specified
by CamExtension. The starting reference for the extension is the rising edge of the cam signal input to
the function. Therefore, the resulting extended cam signal will be shorter than the input cam signal if the
CamExtension value is shorter than the input signal. The input to the cam extension function is from the
output of the cam offset function. The output of the cam extension function is delivered to the EncZMask
function for encoder patterns, and delivered directly to the EPT function for N-M and N+1 patterns. The offset
and the extended cam signals may be monitored in the EPT Diagnostics tab.

27 CamHistory
CamHistory

| Normal |

Tip Strip: Cam Signal Status
Detail: This parameter is only applicable to EPT types of N-M and N+1. When the EPT is in sync, reports the

state of the cam: Normal, Error, Always High or Always Low.
Normal: Indicated when the cam signal is alternating consistently between high and low upon each crank

trigger wheel feature (M tooth gap or Plus1 tooth).
Error: Indicated when the cam signal is alternating between high and low, but not consistently upon each

crank trigger wheel feature (M tooth gap or Plus1 tooth).
Always High: Indicated when the cam signal is constantly high upon each crank trigger wheel feature (M

tooth gap or Plus1 tooth).
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Always Low: Indicated when the cam signal is constantly low upon each crank trigger wheel feature (M

tooth gap or Plus1 tooth).
An Error condition of the parameter does not cause a loss of sync.

28 CamSelect

Tip Strip: Selects which Cam signal is used for EPT

Detail: The DI Driver System supports up to two cam signals for the purpose of variable valve timing
control. For EPT N-M and N+1 patterns, this setting toggles between the use of Cam1 or Cam2 for EPT
synchronization. For EPT encoder patterns, this setting determines which cam signal is used for masking of
the EncZ signal when an encoder is mounted to the crankshaft of a 4-STROKE engine.

29 EncZMask

Tip Strip: Selects whether encoder Z signal is masked by the selected cam signal or passed directly to the
EPT function

Detail: When set to EncZ Masked, the EncZ signal will be logically ANDed with the cam signal selected by
CamSelect. Therefore, the cam signal must be TRUE to allow the EncZ signal to pass through to the EPT.
When set to EncZ Passed, the EncZ signal will always be passed through to the EPT, regardless of the

cam signal level. Typically, when an encoder is mounted to the crankshaft of a 4-stroke engine, EncZMask
should be set to EncZ Masked, and a cam phase signal must be used. When an encoder is mounted to the
crankshaft of a 2-stroke engine, or mounted to the camshaft of a 4-stroke engine, EncZMask should be set to

EncZ Passed, and a cam phase signal is not required.

30 Crank

Rl

Tip Strip: Indicates state of the crank signal
Detail: Indicates the logic level of the digital input assigned to the Crank signal in the Digital Input Setup
window. This indicator is not updated at the same rate the signal is changing. It is for reference only.

31 Cam1

ol comt

Tip Strip: Indicates state of the CAM signal
Detail: Indicates the logic level of the digital input assigned to the Cam1 signal in the Digital Input Setup
window. This indicator is not updated at the same rate the signal is changing. It is for reference only.
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32 Cam2

el -

Tip Strip: Indicates state of the CAM signal
Detail: Indicates the logic level of the digital input assigned to the Cam2 signal in the Digital Input Setup
window. This indicator is not updated at the same rate the signal is changing. It is for reference only.

33 EncZ
LOW Enc/

Tip Strip: Indicates state of the CAM signal
Detail: Indicates the logic level of the digital input assigned to the EncZ signal in the Digital Input Setup
window. This indicator is not updated at the same rate the signal is changing. It is for reference only.

© 2013 National Instruments. All rights reserved.



National Instruments Direct Injector Driver System Manual

4.6.2 TDC Channel Mapping Tab

s> Engine Position Tracking Setup Iil_léj
EPT TDC Channel Mapping | Cam Phase Capture | EPT Diagnostics |

GlobalTDCOffset
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1 GlobalTDCOffset
GlobalTDCOffset

(oo

Tip Strip: Global TDC offset between absolute 0 and TDC1

Units: CAD

Detail: Crank angle degrees between the EPT absolute zero position and TDC1. When TDC1 is before EPT
absolute zero position, then GlobalTDCOffset is negative. When TDC1 is after EPT absolute zero position,
then GlobalTDCOffset is positive. The absolute zero position is specific to the EPT pattern type.
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wa| o |lcap
w2 [a0 ||caD
™c3[ a0 |lcaD

mca| [0 |lcap

TDC5| [300 | CaAD
TDCB 540 CAD
7| [120 |lcaD
TDC8 360 CAD
TDC9 600 CAD

TDCID: W‘ caD

TDCll: W‘j CAD

TDCIZ: W‘: CAD

Tip Strip: Top Dead Center

Units: CAD

Detail: Crank angle degrees of offset between the TDC1 and TDCX, where X represents the cylinder
number. Typically, engine cylinder #1 will have a TDC of zero because the GlobalTDCOffset is used to
specify CAD between absolute zero and TDC1. The other TDC parameters will have non-zero values, which
specify the CAD spacing with respect to TDC1. TDC values are independent from any particular DI Driver or
PFI Driver channel. The TDC values are mapped to a specific hardware driver channel using the DIX-Y_TDC
and PFIX_TDC drop-down list parameters.

3 DIX-Y_TDC
i'? ToC1 DIi-1_TDC 4 TDC1
— m ST e TDCZ
— ,ﬁ‘ o TDC3
T ——— TDC4
j-? TDC DI2-1_TDC TDCS
— m 57 T TDCB
:_f ,ﬁ‘j D22 TDC TDC?
| TDCB
: SIEE] DI3-1_TDC TDCD
— lﬁl o e TDC10
."? 'W‘j S TDC11
[ TDC12

:-f IW‘ DI4-2_TDC

if lﬁ‘ DI4-3_TDC

Tip Strip: Selects Top Dead Center reference associated with driver channel

Detail: TDC parameters are mapped to a specific DI Driver channel by selecting a TDCX from the drop-down
list in each DIX-Y_TDC parameter, where X is the DI Driver module number and Y is the DI Driver channel
number.
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DIX_Firing_Window_Start / DIX_Firing_Window_End

=[ea [DBTDC]

DI1_Firing_Window_End

=[-s0 [DBTDC]

DI2_Firing_Window_Start

=60 [DBTDC]

DI2_Firing_Window_End

=[-60 [DBTDC]

DI3_Firing_Window_Start

=[en [DBTDC]

DI3_Firing_Window_End

=[-60 [DBTDC]

D4 _Firing_Window_Start

=~ 60 [DBTDC]

DI4_Firing_Window_End

1]-s0 [DBTDC]

Tip Strip: Start of angle-based window around all injection events for a channel, End of angle-based window
around all injection events for a channel

Units: DBTDC

Detail: The three channels within a DI Driver module share driver circuitry and are multiplexed. Only one
channel within a DI Driver module is able to operate at one time. Therefore angle-based firing windows are
used to define a period during which an injection event can take place for a given DI Driver channel. A firing
window is created around each DI Driver channel, specified by a firing window start and end parameter for
each DI Driver module. The firing window must not be greater than a span of 240 degrees, such that the
firing windows around each of the three channels overlap. If the windows around each of the three DI Driver
channels overlap, then the Firing Window Overlap Detected Indicator will be set TRUE and one or more of
the three injector channels may not operate.

DIX_Firing_Window_Start: Defines the start of the window in Degrees Before Top Dead Center (DBTDC).
The TDC reference for the window is the TDCX value associated with the applicable DI Driver module

channel.

DIX_Firing_Window_End: Defines the end of the window in Degrees Before Top Dead Center (DBTDC).
The TDC reference for the window is the TDCX value associated with the applicable DI Driver module

channel.

Firing Window Overlap Detected
. Firing Window Overlap Detected

Tip Strip: Indicates that the firing window for one channel overlaps with the next multiplexed channel within
the module

Detail: This indicator will be set to TRUE if any firing window overlap is detected in any of the channels within
a single DI Driver or PFI Driver module.
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6 PFIX_TDC

,3 Toct || pFIL_TDC | o TDC1

(= | TDC2

=[tocz || prz_Toc

— TDC3

=|TDC3 || PFI3_TDC TDOCS

"7oce || pre_Toc TDCS

“ ' TDC6
TDC?
TDCE
TDCS
TDC10
TDC11
TDC12

Tip Strip: Selects Top Dead Center reference associated with driver channel
Detail: TDC parameters are mapped to a specific PFI Driver channel by selecting a TDCX from the drop-
down list in each PFIX_TDC parameter, where X is the PFI Driver channel number.

7 PFI_Firing_Window_Start / PFI_Firing_Window_End
PFL_Firing_Window_Start

[~[s0 [DBTDC]

PFI_Firing_Window_End

=50 [DBTDC]

Tip Strip: Start of angle-based window around all injection events for a channel, End of angle-based window
around all injection events for a channel

Units: DBTDC

Detail: The four PFI channels within the PFI Driver module share software functions and are multiplexed.
Only one PFI channel within the PFI Driver module is able to operate at one time. Therefore, angle-based
firing windows are used to define a period during which an injection event can take place for a given PFI
channel. A firing window is created around each PFI channel, specified by a firing window start and end
parameter for the PFI Driver module. The firing window must not be greater than a span of 180 degrees,
such that the firing windows around each of the four channels overlap. If the windows around each of the
four PFI channels overlap, then the Firing Window Overlap Detected Indicator will be set TRUE and one or
more of the four injector channels may not operate.

PFIl_Firing_Window_Start: Defines the start of the window in Degrees Before Top Dead Center (DBTDC).
The TDC reference for the window is the TDCX value associated with the applicable PFI channel.

PFIl_Firing_Window_End: Defines the end of the window in Degrees Before Top Dead Center (DBTDC).
The TDC reference for the window is the TDCX value associated with the applicable PFI channel.
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4.6.3 Cam Phase Capture Tab

The purpose of the Cam Phase Capture Tab is to configure the cam-capture function and monitor the captured
rising edges of each cam signal. This function is designed for Variable Valve Actuation (VVA) control. The PFI Driver
module lowside driver channels can be used to implement PID control of VVA oil control valves. The auxiliary PID
functions can be used for this purpose and configured via the Auxiliary PID Controller Setup window. The auxiliary
PID controller setpoint can be used to define the desired crank-angle location of the cam signal rising edge. The
CamX_RisingEdge from this tab can be used as feedback to the PID control function.

r 5
s> Engine Position Tracking Setup |i|_|éj

Cam Phase Capture

EPT [ TDC Channel Mapping EPT Diagnostics

Caml_Capture_Start

Cam2_Capture_Start

=[s0 toc] | [2[60 [DBTDC]
CamRE_TDC-Ref Caml_Capture_End Cam2_Capture_End
=l = [sa ol | [2][-s0 [DBTDC]
Cam1_RisingEdge Cam2_RisingEdge
0 [DBTDC] 0 [DBTDC]
=
g &
“., . .3
CamRE_TDC-Ref »i Cam_Rising Edge Eln
ol :
=1 ry o
= H ig
& ig
O iw
E: i'm
sssssnclonncsnnsnns g} i Jwee
(S]] =
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1 CamRE_TDC-Ref

CamRE_TDC-Ref
4 TDC1
TDC2
TDC3
TDC4
TDCS
TDCE
TDC?
TDCE
TDCO
TDC10
TDC11
TDC12

Tip Strip: Selects Top Dead Center reference associated with cam edge capturing
Detail: Selects the TDCX reference for the CamX_Capture window.

2 Cam1_Capture_Start
Caml_Capture_Start

= |380 [DBTDC]

Tip Strip: Start of angle-based capture window for cam signal

Units: DBTDC

Detail: Defines the start of a window, with respect to the selected TDCX, to search within for Cam1 rising
edge.

3 Cam1_Capture_End

Caml_Capture_End

= |300 [DBTDC]

Tip Strip: End of angle-based capture window for cam signal
Units: DBTDC

Detail: Defines the end of a window, with respect to the selected TDCX, to search within for Cam1 rising
edge.

4 Cam1_RisingEdge

Caml_RisingEdge

0 [DBTDC]

Tip Strip: Captured angle of rising cam edge
Units: DBTDC
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Detail: The crank-angle location of a Cam1 signal rising edge, in Degrees Before TDC (DBTDC), captured in
the window defined by Cam1_Capture_Start and Cam1_Capture_End.

5 Cam2_Capture_Start
CamZ_Capture_Start

=|[180 || oBTDC]

Tip Strip: Start of angle-based capture window for cam signal

Units: DBTDC
Detail: Defines the start of a window, with respect to the selected TDCX, to search within for Cam2 rising

edge.

6 Cam2_Capture_End
Cam2_Capture_End
{1120 [DBTDC]

-

Ld

Tip Strip: End of angle-based capture window for cam signal

Units: DBTDC
Detail: Defines the end of a window, with respect to the selected TDCX, to search within for Cam2 rising

edge.

7 Cam2_RisingEdge
CamZ2_RisingEdage

0 [DBTDC]

Tip Strip: Captured angle of rising cam edge

Units: DBTDC
Detail: The crank-angle location of a Cam2 signal rising edge, in Degrees Before TDC (DBTDC), captured in

the window defined by Cam2_Capture_Start and Cam2_Capture_End.
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4.6.4 EPT Diagnostics Tab

= Engine Position Tracking Setup (=
EPT | TDC Channel Mapping | Cam Phase Capture EPT Diagnostics
EPT Scope
" — .| Cursors: X Y
B Cursorl 230000 7
B Cursor2 245000 7
LA AL AR A A A A AR L
A | |
= )
Crank [~
: w2 [~
caml [~
Gm2 [
Offset Cam [~
(] ' i i i i [ | Ext., Cam l_ Update
179262 185000 190000 195000 200000 205000 210000 213005
Sample Masked 2 [ Clear
cmnt[?huhes ]I ar[g[::mnk |Jhetwem'§|mrsm1 |Iand[§|0ursm2 |J Resut: | [25 ]
Crank_DigChanAsn Camil_DigChanAsn Engine Spead Run EPT Scope EPT Scope Mode
[f!|mm1_1.n |] l?|mm1_u |] [ 001.015 ] ROM Start [ Faced sample |]
EncoderZ_DigChanAsn Cam2_DigChanAsn Engine Status !, Data Buffer Ful Samples Per Rev Number of Samples
[ler Assigned |] [?Iua: Assigned |] [|Rummti |] @) EPT Sync [Cering | | -1/36000 |] [F—:'Imuuul]

1 EPT Scope

EPT Scope

79262 185000 190000 195000 200000 205000 210000 21300

Tip Strip: Displays scope traces determined by setup

Units: Samples

Detail: Displays the logic level of each EPT function input.
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2 Scope Controls

Cursors: X Y
B Cursorl 230000 7
BB Cursor2 245000 7

- >
[ Sync IK 1 [ ® ]
Crank [~ J
encz [~ | HEw |
Cam 1 [~ L
Cam 2 [~
Offset Cam [/~
Ext. Cam [ Mipdaie
Masked Z IK Clear

Tip Strip: Scope Controls, Update: Refreshes the EPT scope display, Clear: Clears the EPT scope display

Detail: Used to manipulate the EPT Scope display and define cursors for measuring time and logic level of
the various signals.

3 Scope Definitions

Count f:|Pulses |J of E:lcﬁmk |Jbetween E: Cursor 1 Jand f: Cursor 2 J Result: | | 25
Tip Strip: Defines information to be shown on scope trace

Detail: This collection of parameters is used to count pulses, rising edges, or falling edges of a specified
signal between the cursors in the EPT Scope.

4 Scope Channel Assignments

Crank_DigChanAsn Caml_DigChanAsn Engine Speed

5 [N9at1_10 |J Hmoaiiz || [o0t.015 || Rem
EncoderZ_DigChanAsn Cam2_DigChanAsn Engine Status
rf:|NotA55igned |] rf:|NntA55igned |] rIWIﬂ

Tip Strip: Scope channel assignments

Detail: The assignment controls are exact copies of the same controls within the Digital Input Setup window.
The EngineSpeed and EngineStatus indicators are exact copies of the indicators on the EPT tab. These
controls and indicators are placed here in duplicate for convenience.

5 Run EPT Scope
Run EPT Scope

Tip Strip: Starts the EPT scope
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Detail: When pressed, the EPT diagnostic function will begin to acquire EPT signals. While the acquisition is
running this control can be pressed again to abort the acquisition.

6 Data Buffer Full

@ Data Buffer Ful

Tip Strip: Indicates data stream is too fast and some samples may have been lost
Detail: Indicates that the sampling rate is too fast for all samples to be recorded. This can happen if the
engine speed and sampling rate specified in the Scope Mode Options are too high.

7 EPT Sync
W EPT Sync | cir Flag

Tip Strip: Indicates if the system is currently in sync, Cir Flag = Clears EPT errors
Detail: When TRUE, indicates that the EPT function is in sync. When FALSE, indicates that the EPT function

is not in sync.

8 Scope Mode Options

EPT Scope Mode

-?-|Fi:-:ed Sample |

Samples Per Rev Number of Samples

= [3e000 || |[F][144000]|

Tip Strip: Defines amount and type of information to be displayed in scope trace

Detail: When set to Fixed Sample, the data acquisition will upon the press of Run EPT Scope and stop after
the specified number of points is collected. The data will be displayed in the EPT Scope after pressing the
Update control. When set to Stop On Sync Stopped, the data acquisition will begin filling the buffer upon
the press of Run EPT Scope and continue acquiring data and purging the buffer until there is a loss of sync.
Then the data acquisition will stop and the data will be displayed in the EPT Scope after pressing the Update

control.
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4.7 Calibration Mode Setup Window

The purpose of the Calibration Mode Setup window is to configure a series of uniform injection command pulses

to the enabled channel of each DI Driver module. Only one channel of each DI Driver may be enabled at a time,
otherwise no commands will be delivered to a module with multiple channels enabled. This window is only applicable
when one or more DI Driver modules are configured for Calibration mode.

i == Calibration Mode Setup I. = | |ﬁl ]

CalSeq Start CalSeq Running  RemoteStartEnable

Remote Start
| eir |
CalSeq Pause CalSeq Reset CalSeqStart_DigChanAsn

-f- Mot Assigned J

‘ Pause ‘ ‘ Reset ‘

CalSeq Duration  CalSeq Period

1 [ms] 120 || [ms]

L L8

CalSeq Pulses
100 [Pulses]

L

CalSeq Progress 34 [Pulses]

|
o)

1 CalSeq Start
CalSeq Start

Tip Strip: Starts the specified pulse sequence
Detail: When pressed, starts delivering the number of injection command pulses specified by CalSeq Pulses,
according to the specified CalSeq Period and CalSeq Duration.

2 CalSeq Pause
CalSeq Pause

Pause

Tip Strip: Pauses calibration sequence
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Detail: When pressed, pauses the delivery of the specified injection command sequence. When depressed,
continues the command sequence at the paused location. Pausing the sequence will allow any active
injection command to complete.

3 CalSeq Reset
CalSeq Reset
Reset
Tip Strip: Resets calibration sequence
Detail: When pressed, resets the internal pulse counter to zero.

4 CalSeq Running
CalSeq Running

—

Tip Strip: Indicates sequence status
Detail: Indicates the running status of the injection command sequence.

5 CalSeq Duration
CalSeq Duration

1 | ms]

Tip Strip: Duration of injection pulses
Units: msec
Detail: Pulse width of each pulse during a calibration sequence.

CalSeq Period
CalSeq Period

120 ﬂ [ms]

Tip Strip: Period between start of injection pulses
Units: msec
Detail: Time period between the rising edges of injection pulses during a calibration sequence.

7 CalSeq Pulses
CalSeq Pulses

100 | [Pulses]

Tip Strip: Number of pulses for calibration sequence
Units: Pulses

Detail: Number of injection pulses to be commanded during a calibration sequence.
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8 RemoteStartEnable
RemoteStartEnable

Remote Start
Enable

Tip Strip: Enables remote start through External Digital Trigger
Detail: Enables remote start through an external digital trigger configured by CalSeqStart_DigChanAsn.

CalSeqStart_DigChanAsn
CalSegStart_DigChanAsn

J Mot Assigned

MIS9411 1.0
MNI9411 1.1
MIS9411 1.2
MIS9411 1.3
MNI9411 1.4
MIS9411 1.5
MNI9411 2.0
MIS411 21
MIS9411 2.2
MNI9411 2.3
MIS9411 2.4
MIS9411 2.5
Aux PWM 1
A PWM 2
Aux PWM 2
A PWM 4

ulses]

TEN
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Tip Strip: Selects the digital signal used for triggering the calibration sequence.
Detail: Allows the user to select an external digital signal for triggering the start of the calibration sequence.

10 CalSeqgProgress

CalSeq Progress

Tip Strip: Indicates sequence progress

: 34 [Pulses]
|

Detail: Indicates the progress through the calibration sequence. The progress bar fill rate is automatically

adjusted for the value of CalSeq Pulses.
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4.8 Table Setup Window

The purpose of the Table Setup window is to configure up to four one-dimensional (1D) lookup tables and up to four
two-dimensional (2D) lookup tables for mapping input values to output values. A separate tab is utilized for each
lookup table configuration. Each tab provides the ability to select from a variety of table input sources and assign
the table output to an array of Flex Control Parameter destinations. Each lookup table can be individually enabled or
disabled. The 1D lookup table function will perform a linear interpolation between the X indices which bound the X

input value. The 2D lookup table function will perform a triple linear interpolation between the X and Y indices which
bound the X and Y input values.
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4.8.1 Table1D

A 1D lookup table control consists of a set of matching X and Y arrays. The X values correspond to the input
parameter as specified in Table1D_X_InputSelector. The 1D lookup table output is routed to the Flex Control
Parameters selected in Table1D_X_FlexControlParameters. The Flex Control Parameters are a list of many controls
from the various setup windows of the DI Driver System. When a Flex Control Parameter is selected here, the value
from the lookup table output will overwrite that parameter. The table is only active when it is enabled via Enable
Table1D_X button.

e Table Setup = g”
TablelD_1 TablelD_2 TablelD_3 TablelD_4 Table2D_1 Table2D_2 Table2D_3 Table2D_4 lUser Variables
Enable TablelD_1
=
TablelD_1 Tablke1D_1_FlexControlParameters
Table1D_1_InputSelector - -
= L] 500 = m
—|9411_1.0 Freq [Hz] [ SimubtedSpeed |
\ J X ¥ = >
Table1D_1_Dascription T 1000 | 500.0 [ <[ Mot Selected |
I ] 200.0 555.6
Converting frequency to 300.0 1111
simulated engine speed. 300.0 1657
500.0 prrr]
&00.0 27T
700.0 3333
200.0 3589
900, 4444 -
030 5000

1 Enable Table1D_X

Enable TablelD_1

Tip Strip: Enables 1D Table
Detail: When ON the lookup table is enabled and the selected Flex Control Parameters will be overwritten by
the lookup table output.

© 2013 National Instruments. All rights reserved.



National Instruments Direct Injector Driver System Manual

2 Table1D_X_InputSelector

Table1D_1_InputSelector

= [ot selected
A

AlD

All

A2

Al3

DI1 Battery Voltage [V] £
9411 1.0 State

9411 1.0 Freq [Hz]

9411_1.0 DC [%)]

9411 1.1 State

9411_1.1 Freq [Hz]

9411 1.1 DC [%]

9411 1.2 State

9411_1.2 Freq [Hz]

9411_1.2 DC [%] )
9411 1.3 State
9411 1.3 Freq [Hz]
9411 1.3 DC [%]
9411_1.4 State
9411 1.4 Freq [Hz]
9411_1.4 DC [%]
9411 1.5 State =

Tip Strip: Assigns signal source to the 1D lookup table X array

Detail: Drop-down selection control for selecting the input parameter for the X values of the lookup table. The
available parameters for selection are analog inputs, battery voltage, digital input parameters, cam phase,
engine speed, and user variables.

3 Table1D_X_Description

Table1D_1_Description

Converting frequency to
simulated engine speed.

Detail: Text field for entering a lookup table description.

4 Table1D_X
TablelD_1
o 500
X Y
" 1000 500.0
200.0 555.5
300.0 1111
400.0 1667
500.0 2222
&00.0 2778
700.0 3333
800.0 3389
900.0 4444
1000 5000

Tip Strip: 1D conversion table
Detail: The X column is for input and the Y column is for the output conversion. Linear interpolation is done
between the values.
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Table1D_X FlexControlParameters

Table1D_1_FlexControlParameters

i

[lfl‘Nut Selected

/ Mot Selected
Enable_Operating_Points
Pause-OP
ResetOP
Log_Data
File Hame Suffix
Append Suffix
Max Log File Size
Max Log Samples
Append_To_File
SamplePeriod
SimulatedSpeed
DI1_Mode
DI2_Mode

5 DI3_Mode

I DM _Mode
PFI_Mode
DI1_ChaniEnable
DI1_ChanZEnable

| DIl_Chan3Enable
DI2_ChaniEnable
DI2_Chan2Enable -

m| »

Tip Strip: Selects destination of the 1D lookup table output

Detail: Array of Flex Control Parameter selectors. Each selector maps the lookup table output to a Flex
Control Parameter. The selected parameter will be overwritten by the lookup table output.
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4.8.2 Table2D

A 2D lookup table control consists of a set of X and Y 1D input arrays and a matching Z 2D output array. The X
values correspond to the input parameter as specified in Table2D_Xa_InputSelector. The Y values correspond to
the input parameter as specified in Table2D_Xb_InputSelector. The 2D lookup table Z output is routed to the Flex
Control Parameters selected in Table2D_X_FlexControlParameters. The Flex Control Parameters are a list of many
controls from the various setup windows of the DI Driver System. When a Flex Control Parameter is selected here,

the value from the lookup table output will overwrite that parameter. The table is only active when it is enabled via
Enable Table2D_X button.

s« Table Setup

= S |

User Variables |

Table1lD_1 | Table1D_2 | Table1D_3 | TablelD_4 Table2D_1 Table2D_2 | Table2D_3 Table2D_4 |

Enable Table2D_1

<o

Table2D_1a_InputSelector Table2D_1_Description

Table2D_1_FlexControlParameters

= [a10 | Injection pulse width

[Ifl |D11_Duration_injt_Uniform_EPT |] 0

[:?:|Nut Selected |]

Table2D_1b_InputSelector

E)[an J

1.6

0. 200C]

Table2D_1

12
0. 200C]

0.24305¢
0.4000]

0.600C]

0.800C]

1.000

1.200

1.400

1.600

1.800

2.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.000

0.400C]

0.000

0.0069<

0.0138

0.0208

0.0277

0.0347.

0.0416

0.0485

0.0555

0.05251

0.600C]

0.000

0.0138

0.0277

0.0416

0.0555i

0.08594

0.0833

0.0972

0.1117

0.125C

0.800C]

0.000

0.0208

0.0415

0.06251

0.0833

0. 104

0.125C]

0. 1458

0. 1667

0.187%

1.000

0.000

0.0277

0.0555)

0.0833

0.1111

0. 138¢]

0.1667]

0,194

0.2227

0.250C]

1.200

0.000

0.0347

0.0694

0. 104

0.1385

0. 173¢]

0.2087]

0.2431

0.277¢]

0.312¢]

1.400

0.000

0.0416

0.0833

0.125€]

0.1663

0.2087

0.250C;

0.2917

0.3333]

0.375C]

1.600

0.000

0.0486

0.0972

0. 1458]

0.1544

0.2431

0.2917

0.3407

0.388¢]

0.4375]

1.800

0.000

0.0555i

0.1111

0. 1667

0.222%

0.277¢]

0.3333]

0.388¢]

0. 4444

0.500(]

2.000

0.000

0.06251

0. 125

0. 1875

0.2500)

0.3125

0.375C]

0.437%

0.500C;

0.562%

-

»

Mot Selected

Enable Table2D X
Enable Table2D_1

N

Tip Strip: Enables 2D Table

Detail: When ON the lookup table is enabled and the selected Flex Control Parameters will be overwritten by
the lookup table output.

2 Table2D_Xa_InputSelector
Table2D_1a_InputSelector

[EmE ]

Tip Strip: Assigns signal source to the 2D lookup table X array

Detail: Drop-down selection control for selecting the input parameter for the X values of the lookup table. The

available parameters for selection are analog inputs, battery voltage, digital input parameters, cam phase,
engine speed, and user variables.
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3 Table2D_Xb_InputSelector
Table2D_1b_InputSelector

Em ]

Tip Strip: Assigns signal source to the 2D lookup table Y array

Detail: Drop-down selection control for selecting the input parameter for the Y values of the lookup table. The
available parameters for selection are analog inputs, battery voltage, digital input parameters, cam phase,
engine speed, and user variables.

4 Table2D _X_Description
Table2D_1_Description

-

Injection pulse width

i

Detail: Text field for entering a lookup table description.

5 Table2D_X _FlexControlParameters
TablelD 1 FlexControlParameters

I: A _PIDSetpaint 1

Tip Strip: Selects destination of the 2D lookup table output

Detail: Array of Flex Control parameter selectors. Each selector maps the lookup table output to a Flex
Control Parameter. The selected parameter will be overwritten by the lookup table output.

Table2D_X
Table2D_1
1.6 1.2 0, 24305¢

JEOMIN  0.200c) 0.400C 0.600C( 0.800C)  1.000 1,200 1400 1,600 1800 2.000| &
0.20000 o0.000] 0000 o.000] o.000] o.000] o0.000] o0.00[ o.000] o.000] 0.000
0.4000 0.000) 0.00694 0.0133 0.0208] 0.0277] 0.0347| 0.0415] 0.0485) 0.0555 0.0625
0.6000 0.000] 0.0138 0.0277] 0.0416] 0.0555] 0.0694| 0.0833] 0.0972] 0.1111 0.125¢
0.8000 0.000) 0.0208) 0.0416| 0.0625 0.0833] o0.1047 0.125C 0.1458 0.1663 0.187°

1,000/ 0.000| 0.0277] 0.0555| 0.0833] 0.1111 0.138¢ o0.1863 0.194¢ 0.2222 0.2500
1,200 0.000| 0.0347] 0.0694| 0.104Z7 0.138¢ 0.173¢ o0.2087 0.2431] 0.2778 0.312¢
1.400| 0.000| 0.0418] 0.0833] 0.125 0.1563 0.2082 o0.250C 0.2913 0.3337 0.375C
1.600] 0.000] 0.0436] 0.0972| 0.1456 0.194 003431 0.2917 0.3407 0.3885 0.437
1,300/ 0.000| 0.0555) 0.1111 0.1863 0.2227 0.2778 0.3337 0.388¢ 0.444 0.5000
2.000 0.000) 0.0625 0.125C( 0.187¢ 0.2500 0.3127 0.375C 0.437Y o0.5000 0.562% %

_1|.— _L

Tip Strip:2D lookup table
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Detail: The left most X column (red) and the top Y row (blue) are for input. The 2D Z table values are triple
interpolated to generate the lookup table output.
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4.8.3 User Variables

Four Flex Control Parameters are available as general purpose variable storage. They are named UserVariable1
through UserVariable4. The User Variables Tab is used to document and manually specify the value of each user
variable. If a lookup table output value is mapped to one of these user variables, then the lookup table output value
will overwrite the user variable in this tab. User variables can also be selected as inputs to the lookup tables. It is
important that the user variables not be selected as both lookup table input parameters and output parameters.

o[

s« Table Setup

TablelD_1 TablelD_32 TablelD_3 TablelD_4 Table2D_1 Table2D_32 Table2D_3 Table2D_4 User Variables
UserVariablel UserVariablel_Mame  Units UserVariablel_Description
:?:|1.125 |] ‘Larnbda 5P |] ‘ |] Variable storage for Lambda set point for 1D lookup table ‘

UserVariable2 UserVariable2_Mame  Units UserVariable2_Description

:?:|230 |] ‘WT |] ‘CAD |] Variable storage setpoint from 1D lookup table ‘
UserVariable3 UserVariable3_Mame  Units UserVariable3_Description
B ]| —] |
UserVariabled UserVariabled_Mame  Units UserVariabled_Description

El )i ) [— ]

[~
©
s« Table Setup E‘_&
Table1D_1 TableiD_2 TableiD_3 TableiD_4 Table2D_1 | Table2D_2 Table2D_3 Table2D_4 User Variables
UserVariable1 UserVariablel_Name  Units UserVariablel_Description
= e r -
Elrazs ” [Lambda sp N ﬂ [ l] Varible storage for Lambda set pont for 1D lookup table H
UserVariable2 UserVariable2_Nalne  Units UserVariable2_Description
, . r -
h:‘|230 ” |VVT d@\‘CAD ﬂ Variable storage setpoint from 1D lookup table ”
UserVariable3  User{ .o\ Table Setué\ =

~ I°—| r Table1D_1 Table1D_2
UserVariable4 User

’T IO—” :E Enable TableD_1

Table1D_1_InputSelector

o 1.125 230 T " -
~1|UserVariable1 [ > ‘USEI'VBFBIJIQ ‘]
X Y

TablelD_3 | TablelD_ 4 | Table2D_1 | Table2D 2 Table2D_3 | Table2D_4 | UserVariables |

TableiD_1 able1D_1_FlexControlParameters

Table1D_1_Description 0.8500 _120.0 [? [ Mot Selected \]
r 0.9000 [ 140.0
Controls VVT setpoint as a 0.9500 [ 160.0
function of lambda setpoint. 1.000 180.0
1.050 [~ 200.0

1.100 220.0

1.200
1.250 [ 2800
1,300 3000
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4.9 Auxiliary PID Controller Setup Window

The purpose of the Auxiliary PID Controller Setup window is for configuring up to four general purpose Proportional-
Integral-Derivative (PID) controller functions for commanding a variety of Flex Control Parameters. The purpose of
a PID controller is to manipulate a final output parameter in such a way that the error between the PID setpoint and
the process variable is zero. The process variable for each PID controller can be sourced from a variety of inputs

to the system. The setpoint for each PID controller can be entered manually or overwritten by lookup table outputs
or operating points. Each PID controller has proportional gain, integral time, and derivative time for specifying PID
output behavior. The PID controller function output is added to a Feed-Forward parameter to produce a final output
value to be mapped to a Flex Control Parameter. The Feed-Forward can be entered manually or overwritten by
lookup table outputs or operating points. While PID operation is enabled, the final output value can be overridden
by a manual entry for debug purposes. Each PID controller can be monitored within a dedicated plot window to
assist with PID tuning. This document does not discuss the detailed theory of PID control. However, the general PID
equation used for PID control within this system is according to:

PID Output = [Kc-e(t)] + [(%C) - f e(t) dt] + [(Kc- Td) -%

Where:

PV = Process Variable

e(t) = Error (Setpoint — Process Variable) as a function of time
Kc = Proportional gain

Ti = Integral time constant

Td = Derivative time constant

Je(® = Integral of error as a function of time

There are many internet articles and books available covering PID control theory. One recommended internet
resource for PID control theory is at http://www.ni.com/white-paper/3782/en. The core of the DI Driver System PID
control function is very similar to the LabVIEW code described in the above recommended article. This document
assumes that the reader understands the purpose of PID setpoints, process variables, and gains.

s Ausilary PID Controller Setup —
Aux PID 1 Aux PID 2 Aux PID 3 Aux PID 4
kb

AuPID]_EnablePIn AL PID 1 Plot AuPID_1_FexControlParamatars
E = || DI1_Duration_Injl_Uniform_EPT J N
AuxPID_ProcessVarisbleSelect AuPIDL_PIDSetpoint I )
— h . . ~1| Mot Selacted

Az Q AP Il _FleControlParamnte h
AuxPID_ProcessVarihle MnfDI_FF Qb

0.5 0.4
L ALPID]_Finaldutput

[ Apply PID
+ N | output

APIDE_Kc  AuxPID1 Kc_Action AUNPIDI_PIDOUTpUL AUXMPIDI_ManuaiOvernde:

0.0

002 || APID1_PIDMax LS B | Diabied
AuxPIDI_Ti  AuxPIDI TI_Action T AudPID_Manualfutput

0.005 | L J (o
AwPIDI_Td AuxPID] Td_Action e

0 ] [o
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1 AuxPIDX_EnablePID

AuxPID1_EnablePID

Tip Strip: Enables PID controller function

AuxPIDX_ProcessVariableSelect
AuxPID1_ProcessVarizbleSelect

rE:|N|:|t Selected |J

J Mot Selected -

ATD

All

ATZ

Al3

DI1 Battery Voltage [V]

0411 _1.0 State
Tip Strip: Select feedback variable for PID control
Detail: Drop-down selection control for selecting the process variable input for the PID controller. The
available parameters for selection are analog inputs, battery voltage, digital input parameters, cam phase,
engine speed, and user variables.

m

3 AuxPIDX_ProcessVariable

AuxPID1_ProcessVariable

Tip Strip: Feedback value to PID controller
Units: Same as Process Variable (Could be V, bar, RPM, etc.)
Detail: Displays current value of the parameter selected in AuxPIDX_ProcessVariableSelect.

4 AuxPIDX _PIDSetpoint

AuxPID1_PIDSetpoint

o1

Tip Strip: PID controller setpoint
Detail: The control setpoint to the Aux PID X function. This parameter can be manually entered or overwritten

by lookup table outputs or operating points.
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AuxPIDX_Kc
f'Lu:-cPID 1 Kc

Tip Strip: PID proportional gain
Detail: Proportional gain. A value of zero disables proportional, integral, and derivative contributions to the

PID output. (See the equation above for reference.) Smaller values cause less proportional contribution to
the PID output. Larger values cause more proportional contribution to the PID output. Negative values will
generate PID outputs that are inversely proportional to the error (Setpoint — Process Variable).

6 AuxPIDX Kc_Action
AuxPID1 Kc_Action

— I

Tip Strip: Proportional contribution of PID controller
Detail: Indicates the contribution of the proportional term to the total PID output.

7 AuxPIDX_Ti

AuxPID1_Ti

0.005 -‘

Tip Strip: Integral time constant for PID controller (lower = stronger action. 0 = disabled.)
Detail: Integral time constant. A value of zero disables integral contribution to the PID output. Smaller non-
zero values cause more contribution to the PID output. Larger values cause less contribution to the PID

output. Negative values should not be used.

g AuxPIDX Ti_Action

AuxPID1 Ti_Action

—

Tip Strip: Integral contribution of PID controller
Detail: Indicates the contribution of the integral term to the total PID output.

g AuxPIDX_Td

AuxPID1_Td

[CH—
Tip Strip: Derivative time constant for PID controller (higher = stronger action. 0 = disabled.)
Detail: Derivative time constant. A value of zero disables derivative contribution to the PID output. Smaller

values cause less contribution to the PID output. Larger values cause more contribution to the PID output.

Negative values should not be used.
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10 AuxPIDX Td_Action
AuxPID1 Td_Action

-—

Tip Strip: Derivative contribution of PID controller
Detail: Indicates the contribution of the derivative term to the total PID output.

11 AuxPIDX_PIDMax
AuxPID1_PIDMax

(EN.

Tip Strip: PID output maximum limit (before feed forward is added)
Detail: Maximum output allowed from the PID controller.

12 AuxPIDX_PIDMin
AuxPID1_PIDMin

L 0

Tip Strip: PID output minimum limit (before feed forward is added)
Detail: Minimum output allowed from the PID controller.

13 AuxPIDX_FF
AuxPID1_FF

(i .

Tip Strip: Feed forward value added to PID output. Result placed in PID final output.

Detail: Feed forward value that is added to the PID output value. The result is placed in
AuxPID1_FinalOutput.

14 AuxPIDX_PIDOutput

AuxPID1_PIDOutput

Tip Strip: PID controller output (before feed forward is added)

Detail: Output value from the PID controller. This value is limited by the values in AuxPIDX_ PIDMin and
AuxPIDX_ PIDMax. This value is added to AuxPIDX_FF and the result is placed in AuxPIDX_FinalOutput.
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15 Aux PID X Plot
Aux PID 1 Plot

£ S

Tip Strip: Launches a plot displaying AuxPIDX_ProcessVariable, AuxPIDX_PIDSetpoint and
AuxPIDX_FinalOutput.

AP Fraouut

16 AuxPID1_FlexControlParamWrite
AuxPID1_FlexControlParamtrite

Disabled

Tip Strip: Enables writing of PID final output to selected Flex Control Parameters

Detail: When Enabled, enables the writing of the AuxPIDX_FinalOutput value to the array of selected Flex
Control Parameters in AuxPID_X_FlexControlParam.

17 AuxPIDX_FinalOutput
AuxPID1_Finalout

0.936

Tip Strip: Result of PID output + PID feed forward
Units: %
Detail: Displays the result of AuxPIDX_FF added to AuxPIDX_PIDOutput.

18 AuxPIDX_ManualOverride
AuxPID1_ManualOverride

Disabled

Detail: When Enabled, causes AuxPIDX ManualOutput to override AuxPIDX_FinalOutput.
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19 AuxPIDX_ManualOutput
AuxPID1_ManualOutput

(—]

Units: %
Detail: Value to override AuxPIDX_FinalOutput when AuxPIDX ManualOverride is Enabled.

20 AuxPID_X_FlexControlParam

AuxPID_1_ FlexControlParameters

[E:lNDt Selected |]

J/ Mot Selected =

Enable_Operating_Points |
Pause-OP

ResetOP

Log_Data

Tip Strip: Select flex control parameters to be controlled by this PID control

Detail: Array of Flex Control Parameter selectors. Each selector maps the AuxPIDX_FinalOutput value to a
Flex Control Parameter. The selected parameter will be overwritten by the AuxPIDX_FinalOutput.

[
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4.10 Rail Pressure Control Setup Window

The purpose of the Rail Pressure Control (RPC) Setup window, is to configure a dedicated direct injection common-
rail fuel pressure control function. The function writes to the optional PFI Driver module lowside driver channels
which are connected to a high pressure pump Inlet Metering Valve (IMV) and a High Pressure Valve (HPV) on the
rail. The RPC function implements two PID controllers; one for RPC via the IMV, and one for RPC via the HPV. Only
one PID controller may be enabled at one time, either for IMV PID or HPV PID. While IMV PID is enabled, the HPV
must be controlled via constant PWM duty cycle. While HPV PID is enabled, the IMV must be controlled via constant
PWM duty cycle. The reason for this is because two PID controllers acting on IMV and HPV simultaneously would
conflict. Typically, RPC is performed using IMV PID control while applying a constant duty cycle to the HPV. The
RPC function must also have rail pressure feedback from an analog sensor mounted to the fuel rail. The analog
signal can be connected to any of the four channels of the optional NI 9215 analog input module. The utilized analog
channel can be selected via this Rail Pressure Control Setup window.

Typical IMV and HPV solenoids require up to 3A continuous current operation. Therefore it is important to utilize the
LS channel locking feature which locks LS1 with LS2 and locks LS3 with LS4. The locked channel pairs can be used
to operate the IMV and HPV with up to 3A continuous current. The example wiring diagram, figure 4.10.a, illustrates
wiring an IMV to a locked LS1 and LS2 pair, and wiring a HPV to a locked LS3 and LS4 pair. The LS channel locking
feature can be implemented via the PFl and LS Driver Setup window.

f s« Rail Pressure Control Setup EI_IéJ ]
PFI_ModulePresent RailP_Channel RaiP_Max_Thresh RaiP_Fault BattV
on | B - || (b=r) . NoFauit | 2353 || V]
RailP_Setpoint RailP RailP_ControlMode RPC Plot
Elfg [bar] 0.5 [bar] = tMv PID MODE J Clear RailP Fault ( © ]
IMV_Enable IMV_LSChanAsn IMV_Freq HPV_Enable HPV_LSChanAsn HPV_Freq
[ s | . 1000 || v
mvke o || e/bar] JHV_PIDMax HPV_Ke RIE] o 1o_scoon [Pl
— . =20 [%] 20 [%]
MV_TiEl0__[f[mn] IMV_PIDMn HAVTIS10 S HPV_PIDMin
mv_1d = [o [min] B0 | [2%] HPV_Td [min] 20 || [%]
| |
| |
!TV_PIDFF‘ IMV_ManualOverride HPV_PIDFF HPV_ManualOverride
G20 [1%]  Mv_piD 20 |[[%]  Hpv_PID
IMV_NonPIDFF = ([0 [%]| 1MV_ManualDC HPV_NonPIDFF + 0 Ul ypy_Manuade
T [%] Hlo 1% \::: 40 [%] rfllo—‘j o1
IMV_MaxDCCalc |0 [%%] IMV_DC| |0 [%] | HPV_MaxDCCalc| |0 [%] HPV_DC |0 [%]
IMV_MaxDC | ([0 [%] IMV_NomResistance | |2.5 Q] HPV_MaxDC | 5[0 [%] HPV_NomResistance ||3 [
IMV_MinDC | =I[g [%] IMV_Current | [0 [A] HPV_MnDC | [=|[0 [%] HPV_Current | |0 [A]
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BATT

LS1

t

¢

Ls2
LS3

IMV
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HPV

PFI1

PFI2
PFI3
PFI4
GND
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B[ L 9 [ = ] 3

PFI Module Connector

Figure 4.10.a, Diagram of Typical Wiring of an Inlet Metering Valve (IMV) and a High Pressure Valve (HPV) to a PFI Driver Module

1 PFl_ModulePresent
PFI_ModulePresent

ol

Tip Strip: Indicates PFI Driver module present and externally powered
Detail: Indicates that the system software detects that the PFI Driver module is externally powered and

inserted in the assigned slot.

RailP_Channel
RailP_Channel
4 None
AID
All
AI2
AI3

Tip Strip: Assigns analog signal source to IMV and HPV rail pressure controller
Detail: Selects one of the four channels of the NI 9215 analog input module assigned to rail pressure PID

control feedback.
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3 RailP_Max_Thresh
RailP_Max_Thresh

| 2]

Tip Strip: Rail pressure maximum threshold which causes a critical fault and shuts down associated PFI LSX

channels

Units: bar
Detail: An upper threshold for rail pressure which defines a critical fault level that could potentially damage
the fuel system. If this threshold is exceeded, the low-side channels controlling the IMV and HPV turn off until

the RailPFault error has been cleared.

4 RailP_Fault
RaiP_Fault

 NoFault

Tip Strip: Indicates the rail pressure fault status
Detail: Indicates that the rail pressure has exceeded the value specified in RailP_Max_Thresh. This fault

must be manually cleared by Clear RailP Fault.

BattV

r 23.538 ‘ [Vl

Tip Strip: Battery voltage measured by the DI Driver module

Units: V

Detail: Battery voltage measured by the DI Driver module. Battery voltage is used to calculate, in real time,
the current supplied to the IMV and HPV solenoids, to ensure that the current does not exceed 3A.

6 RailP_Setpoint
RailP_Setpoint
o [bar]
Tip Strip: Rail pressure setpoint to PID controller

Units: bar
Detail: Desired rail pressure setpoint.
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7 RailP
RaiP

fm [bar]

Tip Strip: Rail pressure in bar

Units: bar
Detail: Rail pressure used as feedback to the PID controller. The analog channel utilized for pressure

feedback is selected via RailP_Channel. The analog channel must be converted to units of bar via the
Analog Input Setup window.

RailP_ControlMode
RailP_ControlMode
+ IMV PID MODE
HPV PID MODE

Tip Strip: Selects the IMV or HPV as controlled by PID
Detail: Selects between IMV PID Mode or HPV PID Mode. When in IMV PID Mode, the HPV PID control

parameters will be disabled (grayed out) and the HPV will be controlled by a constant duty cycle and
frequency. When in HPV PID Mode, the IMV PID control parameters will be disabled (grayed out) and the

IMV will be controlled by a constant duty cycle and frequency.

0 Clear RailP Fault

Clear RailP Fault

Tip Strip: Clears faults related to rail pressure control
Detail: Clears RailP_Fault after the fault has been resolved.

o RPC Plot
RPC Plot
T

s

Tip Strip: Opens a plot window of RailP_Setpoint, RailP, IMV_DC and HPV_DC.
B

00 paipSetpont ERNG 1570.00
R

ot Rail Pressure Control Plot

© 2013 National Instruments. All rights reserved.



National Instruments Direct Injector Driver System Manual

IMV_Enable
IMV_Enable

Tip Strip: Enables PWM control of IMV
Detail: Enables the final PWM parameters to the lowside channels configured for IMV via the PFl and LS

Driver Setup window.

12 IMV_LSChanAsn
IMV_LSChanAsn

L J

Tip Strip: Indicates the PFI Driver lowside channels assigned to drive the IMV. The channel assignment is
configured via the PFl and LS Driver Setup window.

13 IMV_Freq
IMV_Freq

175 |l

Tip Strip: Operating Frequency of IMV PWM command
Units: Hz
Detail: Frequency of the PWM signal to the IMV solenoid.

14 IMV_KC

IM‘u’_Kcrf; 0 ‘ [%o/bar]

Tip Strip: IMV PID proportional gain

Units: %/bar

Detail: Proportional gain. A value of zero disables proportional, integral, and derivative contributions to the
PID output. (See the equation in Auxiliary PID Controller Setup for reference.) Smaller values cause less
proportional contribution to the PID output. Larger values cause more proportional contribution to the PID
output. Negative values will generate PID outputs that are inversely proportional to the error (Setpoint —

Process Variable).

15 IMV_Kp_Action

o0t rcon

Tip Strip: Proportional contribution of IMV PID controller
Detail: Indicates the contribution of the proportional term to the total PID output.
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16 IMV_Ti
IMV_Ti [0 [min]
Tip Strip: Integral time constant for IMV PID controller (lower = stronger action. 0 = disabled.)
Units: min
Detail: Integral time constant for the IMV PID controller. A value of zero disables integral contribution to the
PID output. Smaller non-zero values cause more contribution to the PID output. Larger values cause less

contribution to the PID output. Negative values should not be used.

17 IMV_Ti_Action

IMV_Ti_Action

Tip Strip: Integral contribution of IMV PID controller
Detail: Indicates the contribution of the integral term to the total PID output.

18 MV_Td
MV _Td o [min]
Tip Strip: Derivative time constant for IMV PID controller (higher = stronger action. 0 = disabled.)
Units: min
Detail: Derivative time constant for the IMV PID controller. A value of zero disables derivative contribution
to the PID output. Smaller values cause less contribution to the PID output. Larger values cause more

contribution to the PID output. Negative values should not be used.

19 IMV_Td_Action

IMV_Td_Action

Tip Strip: Derivative contribution of IMV PID controller
Detail: Indicates the contribution of the derivative term to the total PID output.

o MV_PIDMax
IMV_PIDMax

-

L:TJ]T\ [%]

Tip Strip: IMV PID output maximum limit (before feed forward is added) (Max=30,Min=0)

Units: %
Detail: Maximum output allowed from the PID controller, before the feed forward (IMV_PIDFF) is added.
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21 IMV_PIDMin
IMV_PIDMin

S0 ] [%]

Tip Strip: IMV PID output minimum limit (before feed forward is added)

Units: %
Detail: Minimum output allowed from the PID controller, before the feed forward (IMV_PIDFF) is added.

29 IMV_PIDFF
IM‘U’_PIDFF‘

=20 [%]

Tip Strip: Duty cycle feed forward added to the IMV PID output

Units: %

Detail: Feed forward value that is added to the PID output value. The result is placed in IMV_DC. This
parameter is only applicable when RailP_ControlMode is set to IMV PID Mode.

23 IMVNonPIDFF
IMV_NonPIDFF *
S0 ][9]

Tip Strip: Duty cycle feed forward for the IMV while doing PID control of the HPV

Units: %
Detail: Feed forward duty cycle applied to the IMV when RailP_ControlMode is in HPV PID Mode.

24 IMV_PID
IMV_PID

0 || [%]
Tip Strip: IMV PID controller output added to IMV_PIDFF. Result is directed to selected PFI LS channel duty

cycle parameter.

Units: %
Detail: Output value from the PID controller. This value is limited by the values in IMV_PIDMin and

IMV_PIDMax. This value is added to IMV_PIDFF and the result is placed in IMV_DC.

25 IMV_ManualOverride

IMV_ManualOverride
OFF

Tip Strip: Causes ManualDC to override IMV PID final output

© 2013 National Instruments. All rights reserved.



National Instruments Direct Injector Driver System Manual

Detail: When ON, Cause the PID controller to be bypassed and sets PWM parameters for the IMV with a
constant duty cycle defined by IMV_ManualDC.

26 IMV_ManualDC
IMV_ManualDC
S0 ||1%]
Tip Strip: Value to override IMV PID final output when ManualOverride=TRUE

Units: %
Detail: Manual duty cycle applied to IMV when IMV_ManualOverride is on.

27 IMV_MaxDCCalc

IMV_MaxDCCalc [0 [%]

Tip Strip: Maximum allowed duty cycle for IMV based on battery voltage and nominal solenoid resistance to

limit current to 3A for channel pair

Units: %
Detail: Maximum duty cycle limit based on the battery voltage and the nominal resistance of the valve. This

value prevents the current from exceeding the limitations of the LS channels driving the IMV solenoid.

28 IMV_MaXDC
IMV_MaxDC | [0 | [%]
Tip Strip: Maximum allowed duty cycle for IMV. This value is effective if lower than IMV_MaxDCCalc.

Units: %
Detail: Maximum allowed duty cycle for IMV. This value is effective if lower than IMV_MaxDCCalc.

og IMV_MinDC

IMV_MinDC | (=] o | | [%]
Tip Strip: Minimum allowed duty cycle for IMV.

Units: %
Detail: Minimum allowed duty cycle for IMV.

30 IMV_DC

IMV_DC |0 [%]

Tip Strip: Final IMV duty cycle
Units: %
Detail: Final duty cycle applied to the IMV solenoid.
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31 IMV_NomResistance

IMV_MomResistance | 2.5 | [A]

Tip Strip: Nominal resistance of IMV solenoid

Units: Ohms
Detail: Nominal resistance of the IMV solenoid. This value is used to calculate the maximum final duty cycle

allowed to the IMV. It is important to measure this resistance within +/-0.5 ohms

39 IMV_Current

IMV_Current |0 [A]

Tip Strip: Estimated current to IMV based on battery voltage and nominal solenoid resistance

Units: A
Detail: An estimate of the current flowing through the IMV based on the duty cycle, battery voltage, and the

nominal resistance of the valve.

33 HPV_Enable
HPV_Enable

OFF

Tip Strip: Enables PWM control of HPV
Detail: Enables the final PWM parameters to the lowside channels configured for HPV via the PFl and LS

Driver Setup window.

4 HPV_LSChanAsn
HPV_LSChanAsn
Tip Strip: Indicates the PFI Driver lowside channels assigned to drive the HPV. The channel assignment is
configured via the PFl and LS Driver Setup window.

35 HPV_Freq
HF"'uIr Freq

1000 [Hz]

Tlp Strip: Operatlng Frequency of HPVY PWM command

Units: Hz
Detail: Frequency of the PWM signal to the HPV solenoid.
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36 HPV_Kc

HW_KEFE: 0 ~ [%/bar]

Tip Strip: HPV PID proportional gain

Units: %bar

Detail: Proportional gain. A value of zero disables proportional, integral, and derivative contributions to the
PID output. (See the equation in Auxiliary PID Controller Setup for reference.) Smaller values cause less
proportional contribution to the PID output. Larger values cause more proportional contribution to the PID
output. Negative values will generate PID outputs that are inversely proportional to the error (Setpoint —

Process Variable).

37 HPV_Kp_Action

HPV_Kp_Action

Tip Strip: Proportional contribution of HPV PID controller
Detail: Indicates the contribution of the proportional term to the total PID output.

g HPV_Ti

HPV_Ti 5[0 || [min]
Tip Strip: Integral time constant for HPV PID controller (lower = stronger action. 0 = disabled.)

Units: min
Detail: Integral time constant. A value of zero disables integral contribution to the PID output. Smaller non-
zero values cause more contribution to the PID output. Larger values cause less contribution to the PID

output. Negative values should not be used.

39 HPV_Ti_Action

HPV_Ti_Action

Tip Strip: Integral contribution of HPV PID controller
Detail: Indicates the contribution of the integral term to the total PID output.

40 HPV_Td

HPV Td = [o [min]
Tip Strip: Derivative time constant for HPV PID controller (higher = stronger action. 0 = disabled.)

Units: min
Detail: Derivative time constant. A value of zero disables derivative contribution to the PID output. Smaller
values cause less contribution to the PID output. Larger values cause more contribution to the PID output.

Negative values should not be used.
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41 HPV_Td_Action

HPV_Td_Action

Tip Strip: Derivative contribution of HPV PID controller
Detail: Indicates the contribution of the derivative term to the total PID output.

42 HPV_PIDMax
HPV_PIDMax

=20 |l[%]
Tip Strip: HPV PID output maximum limit (before feed forward is added)

Units: %
Detail: Maximum output allowed from the PID controller, before the feed forward (HPV_PIDFF) is added.

43 HPV_PIDMin
HPV_PIDMin

=20 || %]
Tip Strip: HPV PID output minimum limit (before feed forward is added)

Units: %
Detail: Minimum output allowed from the PID controller, before the feed forward (HPV_PIDFF) is added.

44 HPV_PIDFF
HPV_PIDFF

=120 [%]

Tip Strip: Duty cycle feed forward added to the HPV PID output

Units: %
Detail: Feed forward value that is added to the PID output value. The result is placed in HPV_DC. This

parameter is only applicable when RailP_ControlMode is set to HPV PID Mode.

45 HPV_NonPIDFF
HPU_NDHPIPFF |

a0 |l
Tip Strip: Duty cycle feed forward for the HPV while doing PID control of the IMV

Units: %
Detail: Feed forward duty cycle applied to the HPV when RailP_ControlMode is in IMV PID MODE.
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46 HPV_PID
HPV_PID
0 [%]
Tip Strip: HPV PID controller output added to HPVPIDFF. Result is directed to selected PFI LS channel duty

cycle parameter.

Units: %
Detail: Output value from the PID controller. This value is limited by the values in HPV_PIDMin and

HPV_PIDMax. This value is added to HPV_PIDFF and the result is placed in HPV_DC.

47 HPV_ManualOverride
HPV_ManualOverride
OFF

Tip Strip: Causes ManualDC to override HPV PID final output
Detail: When ON, causes the PID controller to be bypassed and sets PWM parameters for the HPV with a

constant duty cycle defined by HPV_ManualDC.

43 HPV_ManuaIDC
!—IPV_ManquDC
.f.|g | [%]

Tip Strip: Value to override HPV PID final output when ManualOverride=TRUE

Units: %
Detail: Manual duty cycle applied to HPV when HPV_ManualOverride is enabled.

49 HPV_MaxDCCalc

HPV_MaxDCCalc| |0 [%]

Tip Strip: Maximum allowed duty cycle for HPV based on battery voltage and nominal solenoid resistance to

limit current to 3A for channel pair

Units: %
Detail: Maximum duty cycle limit based on the battery voltage and the nominal resistance of the valve. This

value prevents the current from exceeding the limitations of the LS channels driving the HPV solenoid.

HPV_MaxDC | ~/[a [%]
Tip Strip: Maximum allowed duty cycle for HPV. This value is effective if lower than HPV_MaxDCCalc.

Units: %
Detail: Maximum allowed duty cycle for HPV. This value is effective if lower than HPV_MaxDCCalc.
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51 HPV_MinDC
HPV_MinDC  ~'[o [%]
Tip Strip: Minimum allowed duty cycle for HPV

Units: %
Detail: Minimum allowed duty cycle for HPV

52 HPV_DC

HPV_DC . 0 [%]

Tip Strip: Final HPV duty cycle
Units: %
Detail: Final duty cycle applied to the HPV solenoid.

53 HPV_NomResistance

HPV_NomResistance | |3 | (Y]

Tip Strip: Nominal resistance of HPV solenoid

Units: Ohms
Detail: Nominal resistance of the HPV solenoid. This value is used to calculate the maximum duty cycle

applied to the HPV. It is important to measure this resistance within +/-0.5 ohms

54 HPV_Current

HPV_Current |0 [A]

Tip Strip: Estimated current to HPV based on battery voltage and nominal solenoid resistance

Units: A
Detail: An estimate of the current flowing through the HPV based on the duty cycle, battery voltage, and the

nominal resistance of the valve.
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4.11 Auxiliary PWM Setup Window

The purpose of the Auxiliary PWM Setup window is to configure up to four independent internally generated Pulse
Width Modulation (PWM) signals to be assigned to digital input destinations via the Digital Input Setup window. The
timing specification can be Frequency or Period, and the control specification can be Duty Cycle or Pulse Width.

[ e Ausiliary PWM Setup [E=EE
Aux PWM 1
AuxPWM1-TimingMode AuxPWM1-Frequency
| &[Frequency || o lma ]
:ﬁuxP\ﬁ.’Ml-ControlMU‘de ‘—_ PWM1-D _". C AuxPWM1-PulseWidth
() [puse vacn ) s
Aux PWM 2
AuxPWM2-TimingMode AUXPWM2-Frequenc AuxPWM2-Period
Ezzmm) o
:AuxP\;".fM2-C0ntrolM0‘de AUXPWM2-DutyCycle .AuxP\-".’M2-Pu‘L5e\-".fidth
() fpuse e ) s
Aux PWM 3
AuxPWM3-TimingMode AuxPWM3-Frequency
F[Frequency || ([
:‘\UXPV‘."M}CDHUDND‘EIE hAuxP\-".’MB-Du‘tvO,rcle AuxPWM3-PulseWidth
(Eowyovde || (Em) 5
Aux PWM 4
AuxPWM4-TimingMode AuxPWM4-Frequency  AuxPWM4-Period
& [Frequency | (o
:AuxP\u'\.“M4-C0ntr0IMO‘de hAuxP‘v".’M‘i-Du‘tvO,rcIe AuxPWM4-PulseWidth
Bowoe 1] [ e
Q

1 AuxPWMX-TimingMode
AUxPWM1-TimingMode

4 Fregquency
Period

Tip Strip: Format of PWM signal command

Detail: Selects the specification mode for the time between rising edges of the PWM signal. The options are
Frequency or Period. The fields for Frequency or Period will be enabled according to the selection.

2 AuxPWMX-ControlMode

AuxPWM1-ControlMode

J Duty Cycle
Pulse Width

Tip Strip: Format of PWM signal command

Detail: Selects the specification mode for the time between rising and falling edges of the PWM signal. The

options are Duty Cycle or Pulse Width. The fields for Duty Cycle or Pulse Width will be enabled according
to the selection.
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3 AuxPWMX-Frequency
AuxPWM1-Frequency

1 [Hz]

Tip Strip: Frequency of PWM signal

Units: Hz
Detail: When AuxPWMX-TimingMode is set to Frequency, this field is enabled for specifying the time

between rising edges of the PWM signal.

4 AuxPWMX-DutyCycle
AuxPWM1-DutyCycle

’ 30 ﬂ [%a]

Tip Strip: Duty cycle of PWM signal

Units: %
Detail: When AuxPWMX-ControlMode is set to Duty Cycle, this field is enabled for specifying the time

between rising and falling edges of the PWM signal.

5 AuxPWMX-Period

AuxPWM1-Period

10 [ms]
Tip Strip: Period of PWM signal

Units: msec
Detail: When AuxPWMX-TimingMode is set to Period, this field is enabled for specifying the time between

rising edges of the PWM signal.

AuxPWMX-PulseWidth
AuxPWM1-PulseWidth
3 [ms]
Tip Strip: Pulse width of PWM signal

Units: msec
Detail: When AuxPWMX-ControlMode is set to Pulse Width, this field is enabled for specifying the time

between rising and falling edges of the PWM signal.
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7 Aux PWX 2-4

[Aux PWM 2
AuXPWM2-TimingMode

[ [Frequency

AuxPWM2-ControlMode

() [outy oy

AwxPWM2-Frequency
100 [HZ]

AuPWM2-DutyCycle

[

0 [%]

M2-Period

M2-PulseVWidth

[Aux PWM 3
AuxPWM3-TimingMode

%) [Frequency

AuxPWM3-ControlMode

Eowode |

AuxPWM3-Frequency
100 [HZ]
AUXPWM3-DutyCycle

I

0 [%]

[Aux PW/M 4
AUXPWM4-TimingMode

(21 [Frequency

AuxPWM4-ControlMode

(= [ovey oree

AUXPWM4-Frequency
100 [Hz]

AUXPWM4-DUTYCycle

i

0 [%]

XPVWMA-PulseWidth

See above descriptions.
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4.12 Operating Point Setup Window

The purpose of the Operating Point Table Setup window is to configure two types of operation for automated test
cycles:

Timer Mode: Configure time-based, sequential operating points to be executed according to a specified time for
each operating point.

Trigger Mode: Configure triggered operating points to be executed according to one or more process variable
ranges. As long as the specified range is true for the selected process variable, the associated operating point will be
executed.

Up to 40 Flex Control Parameters and up to 50 Operating Points can be implemented. The operating point table
function is manually started, paused, and reset. The operating point table can be imported and exported from/to

a tab-delimited text file, which can be manipulated using spreadsheets. In Timer Mode, the operating points can
be repeated for a specified number of Loops. While Operating Points are enabled, the values for the selected Flex
Control Parameters will be overwritten by the associated values in the table.

& Operating Point Setup @I_Iér
[_on_Jenableor [ETimer Mode ]| 0P Mode willl Multiple Trigger Error
P. op 3 - el Undefined Trigger Error
ause -
Reset OP 42000 | | Current Time wl Time Error
= : .‘ System Error
= F‘ Manually Set OP Hold Current OP Indefined Triagger Behavior !
[+ | Number of OP e Jndefined Trigoer Behavior | pgnore System Error |
=1 | Error oP Highest Takes Priorit Multiple Trigger Behavior - :
=|[1 | Number of OP Loops [ Import From File J
[ Export ToHle_|
1] - - () port To Fi
[G] 0P Loops Completed Operating Points (OP) . J

Active Operating Point

R DD — P— PU— J—]
Operating Point || 0 | | 1 | |l 2 | |l 3 | |l 4 | | 5 ]

Operating Point Name[\HVTraget_?O \][\HVTarget_so \][\HVTarget_go \][\HVTarget_wu \]

Process Variables AL A

Time (ms) | |100000 | 1 [100000 | 1 [100000 | 1 [ 100000 \

g = |D11_HvTarget || =i[70 | ISIES | ISIED | B (][ 100 | 0 1
g Not Selected 0 0 0 0 0
o
©
o
12
<
5]
O
ko
T
@
1 Enable OP

Tip Strip: Enable operating point function
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Detail: When ON, operating points are active according to the operating point table, and the table values

will override the parameter values specified elsewhere within the DI Driver System setup windows. When
OFF, the parameter values will remain set to the most recent values used from the operating point table. For
example, HVTarget for DI Driver Module 1 may be set to 50V via the DI1 Setup window. The Operating Point
Setup window may implement a time-based table for incrementing HVTarget by 10V every 10 seconds, from
50V to 100V. At the end of the operating point cycle, HVTarget will be left at the last operating point of 100V.
If it is desired that HVTarget be set back to 50V, then an additional operating point should be added to the
end of the table to revert back to 50V.

Pause OP

OFF |Pause OP

Tip Strip: In Timer Mode pause operating point execution
Detail: When ON, pauses the table to remain at the current operating point. When OFF, operating point
operation resumes. This parameter is only applicable when Enable OP is ON.

Reset OP

OFF |Reset OP

Tip Strip: In Timer Mode reset operating point execution to point 0
Detail: In Timer Mode, when ON, resets the operating point back to zero. This parameter is not applicable to
Trigger Mode. This parameter is only applicable when Enable OP is ON.

Manually Set OP
=l[2 || OFF |Manually Set OP

Tip Strip: Causes execution of Manual OP

Detail: When ON, sets the operating point to the point specified by the value to the left of the button. In Timer
Mode, when set to OFF execution will resume at the current operating point. In Trigger Mode, when set to
OFF execution will resume at the operating point determined by the Process Variable Trigger Wildcards.

Number of OP
2 |4_| Number of OP

Tip Strip: Number of operating points to be considered for execution

Detail: Specifies the number of operating points to be considered by the operating point function. For
example, if Number of OP is set to 3, then operating points 0, 1, & 2 will be applicable to the function.
Operating points 3 and greater will not be considered.

Error OP
-f-|1_| Error OP

Tip Strip: Operating point executed during error state

© 2013 National Instruments. All rights reserved.



National Instruments Direct Injector Driver System Manual

Detail: Specifies the operating point which will be executed upon an error condition. This parameter is only
applicable if Undefined Trigger Behavior is set to Goto Error State or Multiple Trigger Behavior is set to

Goto Error State, and Ignore System Error is FALSE.

7 Number of OP Loops
=|[1 | Number of OP Loops

Tip Strip: Number of operating point loops to execute. 0 = continuous.
Detail: Specifies the number of times to execute the complete set of operating points. A special value of zero

means that the cycle will repeat continuously. This parameter is only applicable to Timer Mode.

8 OP Loops Completed

0 | OP Loops Completed
Tip Strip: Indicates the number of operating point loops completed. This parameter is only applicable to

Timer Mode.

0 OP Mode

+ Timer Mode P Mode
Trigger Mode
Tip Strip: Mode of executing operating points

Detail:
Timer Mode: Executes the number of points specified by Number of OP sequentially, according to the Time

value associated with each operating point.
Trigger Mode: Executes the operating point specified by the selected Process Variables and their

associated Wildcards.

10 Current Time/Trigger
42000 | | Current Time

Units: msec
Detail: Indicates the current timer value. This parameter is only applicable in Timer Mode.

| 0 | Current Trigger
Detail: Indicates the active trigger wildcard. This parameter is only applicable in Trigger Mode.
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1 Undefined Trigger Behavior

+ Hold Current OP Undefined Trigger Behavior
Goto Error State

Tip Strip: Determines behavior when no trigger is present
Detail: Selects the behavior of the operating points function while an operating point is not defined during

Trigger Mode. This parameter is not applicable to Timer Mode.
Hold Current OP: Do not do anything, but remain in the current operating point until one of the Trigger

Wildcards is satisfied.
Goto Error State: Change operating point to the point specified by Error OP.

12 Multiple Trigger Behavior

+ Highest Takes Priority Multiple Trigger Behavior
Goto Error State

Tip Strip: Determines behavior when multiple triggers are present

Detail: Selects the behavior of the operating points function while there are multiple operating points satisfied
by the Trigger Wildcards. This parameter is not applicable to Timer Mode.

Highest Takes Priority: Change operating point to the point which has the highest operating point number

(index).
Goto Error State: Change operating point to the point specified by Error OP.

13 Multiple Trigger Error

.J Multiple Trigger Error

Tip Strip: Indicates multiple triggers are present
Detail: When in Trigger Mode, and Multiple Trigger Behavior is set to Goto Error State, indicates when

multiple simultaneous triggers have been encountered and the error state will be executed.

14 Undefined Trigger Error
.J Undefined Trigger Error

Tip Strip: Indicates no trigger is defined for selected process variables
Detail: When in Trigger Mode, indicates when no trigger condition is satisfied by the specified Trigger
Wildcards, and the error state will be executed.

15 Time/Wildcard Error

Time Error
Tip Strip: Invalid entry for an operating point time value

Wl Wildcard Error
Tip Strip: Invalid entry for a wildcard
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Detail: When in Timer Mode, indicates when one or more of the Time fields have non-numeric characters
entered, and the error state will be executed. When in Trigger Mode, indicates when one or more of the

Wildcard fields have an invalid entry, and the error state will be executed.

16 System Error

.‘ System Error
Tip Strip: Indicates DI Driver System error has occurred
Detail: Indicates when a critical error is present related to the DI Driver modules, PFI Driver module, or EPT,

and the error state will be executed if the Ignore System Error button is FALSE.

17 lgnore System Error

Ignore System Error
Tip Strip: When enabled OP will continue regardless of DI Driver System errors
Detail: When set to True, normal execution of the operating point function will take place, regardless of the

state of the System Error. When FALSE, and a System Error is present, the error state will be executed.

18 Import From/Export To File

[ Import From File |

l & Export To File J
Tip Strip: Import/export tab-delimited text files
Detail: The operating point table can be imported and exported from/to a tab-delimited text file, which can be

manipulated using spreadsheets.

19 Active Operating Point
Active Operating Point il sl sl ol

Detail: Array of Boolean LED indicators, highlighting the active operating point.

| )

20 Operating Point
0 W= = Il =

Operating Point [| |] [| 1
Detail: Displays the number of the operating point, starting from 0. The operating point numbers cannot be

changed

21 Operating Point Name
Operating Point Name[|HVnget_?D |][|HVTarget_SD |][|H\-’Target_90 |][|H\-’Target_100 |]
Detail: String fields allowing the operator to enter text names for each operating point.

© 2013 National Instruments. All rights reserved.



National Instruments Direct Injector Driver System Manual

29 Process Variables
Process Variables

Detail: Array of drop-down selection controls for selecting the Trigger Mode process variable for each
operating point. The available parameters for selection are analog inputs, battery voltage, digital input
parameters, cam phase, engine speed, and user variables. Typically, all operating points would utilize the
same process variable. For example, a set of four operating points could be created for four different ranges
of digital input frequency. However, complex operating point tables may be created using multiple inputs.

23 Time/Trigger Wildcards
Time (ms) [|1uuuuu |J [|1uuuuu |J [|1uuuuu |J [|1uuuuu |J

Units: msec
Detail: Array of time values for each operating point while in Timer Mode. After the time for each operating
point elapses, execution will proceed to the next sequential operating point.

Trigger Wildcards'[ [[0,250) |] [|[250,SDD] |] [|[SDD,?SD] |] [|[?SD,lDDD] |]

Detail: Array of text-based specifications for each operating point while in Trigger Mode.

When a Trigger Wildcard specification is TRUE, the associated operating point will be executed. The
behavior of the operating point function while no Trigger Wildcard is satisfied or multiple Trigger Wildcards
are satisfied is determined by the settings of the Undefined Trigger Behavior and Multiple Trigger Behavior
parameters. The syntax for Trigger Wildcard entries is as follows:

Parenthesis Bounded (Lower Value, Upper Value)

Detail: Trigger Wildcard is satisfied if the Process Variable is greater than Lower Value and less than Upper
Value

Example: (20,40) Trigger Wildcard is satisfied if the Process Variable is greater than 20 and less than 40.

Bracket Bounded [Lower Value, Upper Value]
Detail: Trigger Wildcard is satisfied if the Process Variable is greater than or equal to Lower Value and less

than or equal to Upper Value
Example: [20,40] Trigger Wildcard is satisfied if the Process Variable is greater than or equal to 20 and less

than or equal to 40.

Note: A Trigger Wildcard can combine the usage of parenthesis and brackets.
Example: [20, 40) Trigger Wildcard is satisfied if the Process Variable is greater than or equal to 20 and less
than 40.

Single Point Value

Detail: Trigger Wildcard is satisfied if the Process Variable is exactly equal to the single point value. It is not
recommended to use this type of Trigger Wildcard for continuously variable Process Variables. This type of
Wildcard should be used for Boolean Process Variables.

Example: A Trigger Wildcard single point value of 1 is satisfied if a Boolean parameter, such as 9411_1.0
State is equal to 1, or TRUE.

Note: For single point value Wildcards, do not use text such as TRUE or FALSE. Use 1 to represent TRUE
and 0 to represent FALSE.

Blank
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Detail: If Trigger Wildcard is blank, then the associated operating point is always satisfied. This type of
Wildcard can be useful to specify a default operating point if it is used for operating point 0. If no other
Wildcard is satisfied, then the default operating point will be executed, without setting the Undefined Trigger
Error. If another higher operating point Wildcard is satisfied, then the higher operating point will be executed
if the Multiple Trigger Behavior control is set to “Highest Takes Priority”. Otherwise, the Error OP operating
point will be executed.

24 Flex Control Parameters

[%|[o1_HvTarget

Flex Control Parameters

Detail: Array of drop-down selection controls for selecting the Flex Control Parameter to be manipulated by
each operating point. There are many Flex Control Parameters to choose from, related to many different
controls from various setup windows within the DI Driver System. The value for each selected Flex Control
Parameter will be overwritten by the value entered for each active operating point in the table.

25 Operating Point Table Values
(Elm— (E[E—) (EEm— EEm—)

Detail: The table values are shown as a two dimensional array of values, specifying the value to overwrite
each selected Flex Control Parameter during each active operating point. Most Flex Control Parameters
are single-point precision controls which require a single-point precision numeric value. Some Flex Control
Parameters are Boolean controls which require a value of 0 or 1 to represent FALSE or TRUE, respectively.
Other Flex Control Parameters are mode controls from various system setup windows which have drop-
down text descriptions. The text descriptions should not be entered in these table fields. Instead, the integer
representation should be entered, starting with 0 for the first drop-down selection.
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4.13 Active Flex Control Parameters Window

The purpose of the Active Flex Control Parameters window is to show, within a single window, any Flex Control
Parameters that are selected to be written by one of the DI Driver System software functions. Flex Control
Parameters may be selected within the various setup windows, but the function may be optionally enabled or
disabled. The green LED for each parameter indicates whether the parameter is actively being written by the
function. For example, the screen shot in Figure 4.13.a shows that the 1D-Table 1 output, which is configured via the
Table Setup window, is actively writing to the PFI_Duration_Chan1_EPT Flex Control Parameter because the table is
enabled. The SimulatedSpeed Flex Control Parameter is also selected to be written by the 1D-Table 2 function, but
the table is not enabled, and is not actively writing the parameter.

so Active Flex Control Parameters

R

|PFL_Duration_Chan1_EPT

=

[ |SimulatedSpeed

) (&) (o]}

©)

Figure 4.13.a, Active Flex Control Parameters
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CalScopes Window

The purpose of the CalScopes window is to configure up to four oscilloscope-like displays for monitoring various
software variables within the DI Driver System. This is an advanced feature which is documented within the SCM

-

= (CalScopes

|_|:| = N

_CalScope
Scope Channels | Memory [Sample] Units | Add/Remové Open | 4|
= Engine 5000 + Open
Engine Speed 2500 RPM
2500
Scope 5000 + Open
Scope3 5000 + Open
Scoped 5000 + Open
ﬂ
wi Scope 1 [E=R= =)
Run Control|
RUGI
TG BING@LE
Trigger|
SWEER
NORMAL SCROLL

Source Channel
EngineSpeed [RPM]
Triggered Position %

Dynamic Level Channel

EngineSpeed [RPM]
Sample Period Trigger Level
10 12 20 3
B | <y
6. - - -
s 16 | -6- _6
G ~18 8- ~3
1 [ms] 20 )
I | I | " 0 0 0 I 0 Sample Rate [Hz]  Plot Length [ms]
500 1000 1500 2000 2500 3000 3500 4000 4500 4999
1000 5000
Time [ms]
Active Channel . Y
EngineSpeed [RPM] | — [ Save Data to File
= T
Cur 2 <Not A Pathx
SHARE v % =7
SCALE Frea (2]
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CalTrend Window

The purpose of the CalTrend window is to configure up to eight multi-variable plot windows for monitoring various
software variables within the DI Driver System. This is an advanced feature which is documented within the SCM

o« CalTrends |£|_|i:—hj
_CalTrend
Trend Channels | Units | Add/Remove | Open 1ﬂ
= Trend 1 + Open
Engine Speed RPM
Al [1
Trend 2 + Open
Trend 3 + Open
Trend 4 + Open
Trend 5 + Open
Trend 6 + Open
Trend 7 + Open
Trend 8 + Open
hd
o Trend 1 (=] e
Active Channel
EngineSpeed [RPM] < |
SHARE
RESET
SCALE
SamplePeriod [s]
5 6
4 it 7
3. -8
2- Ly -0
17 “10
| Save Snapshot to File
| Log to File
700 -4 " ; ‘ <Not A Path> .
3:55:54 PM 3:56:40 PM 3:57:30 PM 2:58:13 Ph & =y
Time B
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4.16 Log Data Setup Window

The purpose of the Log Data Setup window is to configure data logging of a variety of DI Driver System software
parameters to a text file, stored on the cRIO controller file system. The data files are NOT able to be logged over the
network to another computer. After the data logging is completed, the data file may be copied to another computer
via File Transfer Protocol (FTP) connection over the network. Options for logging data include Sample Period,

RAM Buffer Size, Stop Trigger, Filename Suffix, and Data Delimiter. The variables to be logged are specified in an
array of drop-down selection lists. A logging parameter plot is available within the window and parameters may be

individually selected for plotting.

«: Log Data Setup

=ET

File Path

% cini-rt\LabVIEW Datablogfile bt
File Mode | Append | Append Suffnc‘ Don't Append ‘ File Hame Suffix| (= |0
Delimeter | - {| Comma Plot Buffer Length f 100 samples
Sample Period f 100 msec
Log Data
Start

Stop Trigger

f None

Free Storage Space (C:)

1971077120 bytes

Log File Size

Amplitude

0 | bytes
i{a\ues Logged
0 samples B e e
L J 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Iri Sample
. Log Write Error = m ) .
. File Creation Error ‘ Clear Errors | | = Bl n ]
1 File Path
File Path
T cvni-rth LabVIEW Data\logfile.bd

Tip Strip: Location to save log data

Detail: Specifies the .txt file path on the cRIO controller where the log file will be saved. An FTP browser
button is available to the right of the path field for assistance with specifying the path via the “FTP Browser”
dialog, shown in Figure 4.16.a. The default data storage directory is “c:\ni-rt\LabVIEW Data”. File Paths
starting with c:\ indicates that the log file will be saved to the cRIO controller local hard drive. Data files can
optionally be stored to a USB storage device if connected via the USB port on the cRIO controller front
panel. Typically, a USB storage device will be shown in the controller file browser as u:\.
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s FTP Browser

Drive
“c>
Current Path
LabVIEW Data

3ioflo E

O DIDS.ini

[ Faults.fdl

[ SADLini

] Global Controls

£] Hosts

[0 DIDS_Master.par

[ DIDS_Hostai

[1 MIDIDriverSystemUserGuide.chm
[1 DI Driver_System.hsf

cni-rt\LabVIEW Data
%

[ QK ] | Cancel | ‘ New Dir |

Figure 4.16.a, FTP Browser Screenshot

2 File Mode

File Mode | Append

Tip Strip: Select to append new data to existing file data

Detail: When set to Append, causes the Log Data function to append data to an existing file specified in the
File Path. When set to Overwrite, causes the Log Data function to create a new file for the data, overwriting
any existing file.

3 Append Suffix

Append Sufftc | Don't Append

Tip Strip: Select to append suffix to file name
Detail: Determines whether the numerical suffix specified in File Name Suffix is appended to the filename.

4 File Name Suffix
File Mame Suffix f 1]

Tip Strip: Suffix to append to file name
Detail: Specifies the numerical suffix to append to the filename if Append Suffix is set to Append.

5 Delimeter

4 Comma
Tab
Colon

Delimeter

Tip Strip: Text file delimiter between data points

Detail: Selects one of three delimiters to use for separating data in the text log file. The options are Comma,
Tab or Colon.
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g Plot Buffer Length

Plot Buffer Length =100 samples

Tip Strip:
Units: samples
Detail: Specifies the number of samples to plot in the plot area to the right of the window.

7 Sample Period

.

Sample Period =100 Mmsec

Tip Strip: Should be in multiples of 50 msec
Units: msec

Detail: Specifies the time interval for sampling the values of the parameters specified in Variables to Log.

g Log Data
Log Data

| Start

Tip Strip: Enables logging of selected parameters
Detail: Enables or disables data logging.

0 Stop Trigger
Stop Trigger
4 Mone
File Size
Number of Samples

Tip Strip: Selects the method by which the data logging is stopped or continued if set to None.

Detail:

None: Data logging is started and stopped via Log Data.

File Size: Data logging is stopped when the file size reaches the value specified by Max Log File Size.
Number of Samples: Data logging is stopped when the number of logged samples reaches the value
specified by Max Log Samples.

The appropriate Stop Trigger parameter will be shown according to the trigger method selected.

Max Log File Size

Max Log File Size | (= |0 bytes

Units: bytes
Detail: When Stop Trigger is set to File Size, data logging is stopped when the file size reaches the value
specified by Max Log File Size.
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Max Log Samples
Max Log Samples f 0 samples

Units: samples
Detail: When Stop Trigger is set to Number of Samples, data logging is stopped when the number of logged

samples reaches the value specified by Max Log Samples.

10 Free Storage Space
Free Storage Space (C:)

199909784 | | bytes

Detail: Local drive space (c:\) available for data storage.
Units: bytes

11 Log File Size

Log File Size
] bytes

Tip Strip: Size of log file
Units: bytes
Detail: Indicates the current file size of the log file in process.

2 Values Logged
Values Logged

0 samples

Tip Strip: Number of samples logged
Units: samples
Detail: Indicates the current number of samples logged to the log file in process.

13 Log Write Error

. Log Write Error

Tip Strip: Error encountered writing to log file
Detail: Set to TRUE when an error is encountered during the data logging process, such as insufficient
memory available.

14 File Creation Error

. File Creation Error

Tip Strip: File creation error
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Detail: Set to TRUE when an error is encountered during log file creation.

15 Clear Errors

Clear Errors

Tip Strip: Select to clear log file fault

Detail: Clears the error indicated by Log Write Error or File Creation Error LEDs.

16 V?riables to Log

AID Mame [AID) [AID Units)
AI1 Mame (AI1) [AI1 Units]
AI2 Mame (AIZ2) [AI2 Units]
AI3 Mame (AIZ) [AIZ Units)
DI1 Battery Voltage [V]
0411 _1.0 State

9411 1.0 Freq [Hz]

Plot

[ totseed B

m

Detail: The variables to be logged are specified in an array of drop-down selection lists. A logging parameter
plot is available within the window and parameters may be individually selected for plotting.

17 Log} Scope

0.9-]
0.8-|
0.7
0.6-|
0.5
0.4-|
03]
0.2-|

0.2
0.3
0.4
0.5
0.6+
0.7
0.8
0.9+

S St S St St S S S S
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

7
Hl

Detail: Plot of selected Variables to Log

Sample

I ]

Units: samples
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4.17 Faults Window

The purpose of the Faults window is to show the status of each fault within the DI Driver System. The faults are
displayed in alphabetical order.

s« Faults EI_Iﬂ
|[Hide Inactive Faults| VeryLow [«] 14 KeyCyce [AckAll[ cral| o WVerylow 0 Low 0 |Medum 0 |High 0  VeryHigh
Fault Point Description Count | Up Down | Thresh| Severity | Sticky| Sticky | Sticky | Fault Fault Clear Trip D'Ll;able‘| ry
Rate | Rate Time | Cycle | Time Cycle Time Count’
D|DI1 |FI1_OpenCircuit i] 1 1 1 Very Low - - 12/31/1| 0 8:57:00( 0
D|DI1|FI2_OpenCircuit 0 1 1 1 Very Low - - 12/31/1/ 0 8:57:00| 0
D|DI1|FI3_OpenCircuit 0 1 1 1 Very Low - - 12/31/1/ 0 8:57:00| 0
D|DIL[HV_Limit 0 1 1 1 Very Low B B 12/31/1] 0 8:57:00 0
D|DI1|HighVoltageDrive 0 1 1 1 Very Low - - 12/31/1| 0 8:57:00( 0
D|DI1 | LowVoltageDrive 0 1 1 1 Very Low - - 12/31/1| 0 8:57:00( 0
D|DI1|Module Temp 0 1 1 1 Very Low - - 12/31/1| 0 8:57:00( 0
D|DI1|PS_Charge i] 1 1 1 Very Low - - 12/31/1| 0 8:57:00( 0
D|DI1|PS_OwverLoad 0 1 1 1 Very Low - - 12/31/1/ 0 8:57:00| 0
D|DI1|Short_Circuit 0 1 1 1 Very Low - - 12/31/1| 0 8:57:00| 0
D|DI2|FI1_OpenCircuit 0 1 1 1 Very Low - - 12/31/1| 0 8:57:00( 0
D|DI2|FI2_0OpenCircuit 0 1 1 1 Very Low - - 12/31/1| 0 8:57:00( 0
D|DI2|FI3_OpenCircuit 0 1 1 1 Very Low - - 12/31/1| 0 8:57:00( 0
D|DI2|HV_Limit ] 1 1 1 Very Low - - 12/31/1| 0 8:57:00| 0
D|DI2|HighVoltageDrive 0 1 1 1 Very Low - - 12/31/1| 0 8:57:00( 0
D|DI2|LowVoltageDrive 0 1 1 1 Very Low - - 12/31/1/ 0 8:57:00| 0
D|DI12|Module Temp 0 1 1 1 Very Low - - 12/31/1/ 0 8:57:00| 0
D|DI2|PS_Charge 0 1 1 1 Very Low - - 12/31/1| 0 8:57:00( 0
D|DIZ|PS_0OverLoad 0 1 1 1 Very Low - - 12/31/1| 0 8:57:00( 0
D|D12|Short_Circuit ] 1 1 1 Very Low - - 12/31/1 0 8:57:00| 0
D|DI3|FI1_OpenCircuit 0 1 1 1 Very Low - - 12/31/1| 0 8:57:00( 0
D|DI3|FI2_OpenCircuit 0 1 1 1 Very Low - - 12/31/1| 0 8:57:00( 0
D|DI3|FI3_OpenCircuit 0 1 1 1 Very Low - - 12/31/1| 0 8:57:00( 0
D|DI3|HV_Limit 0 1 1 1 Very Low - - 12/31/1| 0 8:57:00| 0
D|DI3|HighVoltageDrive 0 1 1 1 Very Low - - 12/31/1| 0 8:57:00( 0 L‘
F)ouble click a fault to acknowladge it. Double click again to clear it. *Double click a fault in specified column to change the value.
@

1 Hide Inactive Faults

Detail: Filters the fault list to show only active faults.

o Fault Severity
Very Low |T| 4

|« Very Low
Low

{  Medium

| High

| Very High

Detail: Filters the fault list to show only the faults registered with the specified severity.
3 Key Cycle

14 Key Cycle

Detail: Indicates the number of times the system power has been cycled.
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4 AckAll

Ack Al

Detail: Acknowledges all active faults.

5 CIr All

Detail: Clears all active faults.

6 Fault Count

1] Very Low 0 Low O Medium 0 High 0O Very High

Detail: Indicates the number of active faults within each severity category.

7 Fault Point
Fault Point

Detail: The name assigned to the fault.

8 Description
‘ Description

Detail: The description registered with the fault.

9 Count

Count

Detail: Indicates the number of times a fault has occurred. Value resets to 0 when fault is acknowledged and
cleared.

10 Up Rate

Up
Rate

Detail: The rate at which the fault counter is incremented while the fault condition is present.

1 Down Rate

Down
Rate

Detail: The rate at which the fault counter is decremented while the fault condition is not present.

12 Thresh

Thresh

Detail: The fault counter threshold at which the fault is active.
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13 Severity
Severity ‘

Detail: Shows the severity of the fault.

4 Sticky
‘ Sticqu‘

Detail: Indicates whether the fault is register as Sticky. When registered as Sticky, the fault will remain active
for the time shown in Sticky Time.

15 Sticky Time

Sticky
Time

Detail: Indicates the amount of time a fault will remain active, after the fault condition is removed.

16 Sticky Cycle
Sticky
Cycle
Detail: Indicates the number of Key Cycles the fault will remain active, after the fault condition is removed.

17 Fault Time

Fault
Time

Detail: Indicates the date and time of the last occurrence of the fault.

1g Fault Cycle

Fault
Cycle

Detail: Indicates the number of Key Cycles since the fault condition was removed.

0 Clear Time

Clear
Time

Detail: Indicates the date and time when the fault was last cleared.

20 Trip Count

Trip
Count®

Detail: Double clicking on the cell related to the fault in the "Trip Count" column will clear that fault’s trip
count.
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Disable

Disable™

Detail: Double clicking the “Disable” cell associated with the fault will disable the fault from becoming active,
even if the fault condition is present.
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4.18 Execution Information Window

The purpose of the Execution Information window is for diagnostic purposes. It is divided into three tabs titled Static
Info, Network and Run-Time Info. The first and third tabs show information about system configuration and software
processes, respectively. The second tab is used to change the system controller network interface settings.
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4.18.1 Static Info

The Static Info Tab of the Execution Information window displays configuration information for the DI Driver System.

-

12

F>
F5
F5
F5
G2

s Execution Information l = & )
Static Info Network | Run-Time Info |
Target IP Address
DefaultCal CalFile Name

NI-DIDS-017F5D02
cRIO-9022

RIOO (NI cRIO-9114, s/n
3.120.F5.12085

12.0.0

DI1 Module Revision
DI2 Module Revision
DI3 Module Revision
DI4 Module Revision

PFI Module Revision

017F5D02

| Activated

M FPGAErTor

Target Name

Controller Model
Chassis Model

Software Version

SCM Build

DI Driver System Size

DI Driver System Serial Number
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4.18.2 Network

The Network tab of the Execution Information window displays the current network settings of the controller and
allows the network settings to be changed.

r -
s> Ewecution Information EI_Iﬂ—hJ

Static Info Network Run-Time Info |

Current Network Status

192.168.1.100 IP Address
255.255.255.0 Subnet Mask
192.168.1.1 Default Gateway
0.0.0.0 DNS Server

IP Address Settings

(7 Obtain an IP address automatically
@ Use the follbwing settings:

192.168.2.34 IP Address
255.255.255.0 Subnet Mask
192.168.1.1 Default Gateway
0.0.0.0 DNS Server

You must reboot the DI Driver System for
this change to take effect. Mote, you wil also
need to find the target again in CalVIEW

NI-DIDS-017F5D02 Target Name

Apply Change
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4.18.3 Run-Time Info

The Run-Time Info tab of the Execution Information window displays the execution time of various software
processes and parameters related to the controller hardware.

w0+ Execution Information = | —

static Info | Network Run-Time Info

MainLoopDuration MainLoopPeriod

L (5= 1) 5000 | twec

ReadInput_Process

n [[EEE

Table_Process

e

CalcPID_Process

[

Crit_PlsGen_Process

F ([EEE

OP-Table_LoopDuration OP-Table_LoopPeriod

D (5 o

OP_Process

L [

DI-PFI_Config_Process

I |~

MNonCrit_PlsGen_Process

I ||~

Al LoopDuration Al LoopPeriod

I ) [ ||

Memory_Used

L s e

CPU_Load

(e

Chassis_Temp

|

Storage_Space_Used

76791808 || [bytes]
=

USB_Drive_Space_Used

’ﬁ [bytes] @ USE_Drive_Present @
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5. Troubleshooting

A Windows Help file (.chm) for the DI Driver System is provided on the cRIO controller along with the DI Driver
System software image. The help file is downloaded from the controller to the computer along with the user interface
windows when making the initial system connection. 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: | powered the DI Driver System controller and the USER1 and USER FPGA LEDs are not both blinking
after 1 minute. What do | do?

A: Is the USER1 LED blinking 3 times followed by a long steady ON? If so, there is an activation error. Please
contact the National Instruments support team.

If the USER1 and USER FPGA LEDs are not blinking at all, please try pressing and immediately releasing the
controller reset button. Wait 1 minute for the LEDs to start blinking. If they do not start blinking, refer to the section
Restoring A Backup Image To The DI Driver System Controller. If a system backup image is not available, please
contact the National Instruments support team.

Q: | cannot connect to the DI Driver System user interface via SCM and | do not know the system controller
IP address. What do | do?

A: Refer to the section Manually Resetting The Controller Network Interface to DHCP to troubleshoot and establish
a network connection to the controller. If a connection still cannot be established, please contact the National
Instruments support team or visit ni.com/gettingstarted.
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6. Diagrams

1 Reverse Battery Relay Protection Diagram

(= =
l : j :
=] o
A 4
BE+ 870
—t
= + :
Battery / / }.

=085

System Power

o_

Tyco Relay PN: V23232-A0001-X003 (12V)
Tyco Relay PN: V23232-A0002-X009 (24V)
Bosch Relay PN: 0 332 002 156 (12V)
Bosch Relay PN: 0 332 002 256 (24V)

2 cRIO-9076 Slot Assignments

7 NATIONAL
¥ INSTRUMENTS

NI cRIO-9076
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4 CompactRIO cRIO-9076 Front Panel

@
- =
NATIOMAL I cRIC-807X
INSTRUMENT S BRicHE
pOWER (33
STATUS [O
USER1 (O
USERFPGAT D)
& L]
o
] -]
~ 0
(5 | I
py = @ 2
=
=]
&3
23
e
it
=3
=2
: =
®- 75
28
25
<
=
-
® ®
1 LEDs 4 Power Connector
2 RJ-45 Ethermnet Port 5  Reset Bution
3 USB Port (cRIO-9076 Only) 6 HS-232 Serial Port
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5 COMBICON power connector for cRIO-9076

| 1 Temminal Screws 2 Connector Screws

6 CompactRIO cRIO-9022 Front Panel

(P @)

NATIONAL INPUT Il_]
1: DOWE INSTRUMENTS ¥ 5351 =

2 FPGA T W MAX
i O -
i 123

Py ACTILINK ¢
@ > [ (IS
& : T
" 8
ILINK -
£ z =
18 L 2.8
= 9 i
/ srononn B P - ey
/ oo | 252 e
SAFE MODE a® 253
_ COMSOLE OUT |1 a® || 222
@} IPRESET (O o ®
NO APP | CT

== {
of
=\A
E@}\J‘{
®

7
I

1l NI ¢RI0-0022

1 CompactRi0 Real-Time Controller [ q
e 4
1 LEDs & Heset Bufton
2 Power Connecior 7 DIP Switches
32 RS-232 Serial Port 8 RJ-45 Ethernet Port 1
4 LSB Port 9 RJ-45 Ethernet Port 2
5 USB Retention Standoff

7 COMBICON power connector for cRI0-9022

1 Temminal Screws |2 Connactor Screws
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S
f 1 Dioa
i e mE
COM 4 Supply (+5 Vout)
Di3b 5 Supply (+5 Vout)
Dlab 6 Di3a
Disb 5l it
[O]
Vsup o] @
coM HisS
[S]
0 DI Driver Terminal assignments
P
=
1[0 || | BATT
IS | IN-
2]/ & | [INg+
N3] | INJ2-
n[a]l&] | [INJ2+
05 1|&Y) | [INvs-
n[6 ]S | INva+
171/ | |[EXT PWR
1[8]&y| | |eND
18]/ | leND
.
10 NI 9215 Driver Terminal assignments
d —
IS
AlO+ ]IS
Alo— 1S
Al1+ 2] IS
All- Bl
A2+ || |14]IS)
Al2— 15]IS)
Al3+ 18]S
Al3— HIS
NC 8IS
com || ([=]]S]
(S
S E—
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1 PFI Driver Terminal assignments

I ~
f
BO|E)| | |BATT
BOIEY| | |Ls1
2|y | |Lsz
i3S | |Lss
S| | |Ls4
DE|EY| | |PFI1
eI | |PFI2
A IGGE
B | |PFI4
il | |eno
sy
&)
N —;
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13 Connecting Solenoid Direct Injectors to the DI Driver

Battery or
Power Supply
(12-24V
Typical, 75W)
*Recommended wire
16AWG, 200V or higher
Automotive 20A Fuse ‘ w!

=
|| | |eaTT
|6 | | v
Iz &) | Ina+
L 1|6 | Ingz-
| eS| | [iNuze
L N0E S | finga-
] 1 IS | v

|_ 17| | [EXT PWR

] (&) [ leno
a5 | leno

][ =

L
DI Driver Connector

Solenoid Direct ugu

Injectors
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14 Connecting Piezo Direct Injectors to the DI Driver

Battery or
Power Supply
(12-24V
Typical, 75W)

*Recommended wire
16AWG, 200V or higher

Automotive 20A Fuse

~

@.
(0]
a[ 1]

00 h(Z]

L JEN
00 (2]

L Short i 1[5 ]

] Ch. 3 6]
n[7 |
| ]
i|EN

£y
v

BATT

IMJ=

INJ+

QDDD

INJZ-

4]
L/

i @' QJJ :‘.({

INJ2+

IMJ 3=

INJ3+

EXT FWR

T
"/

GMD

@@

GND

. =y

D| Driver Connector

i
Piezo u@u

Injectors
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15 Connecting Port Fuel Injectors to the PFI Driver

Battery or
Power Supply
(12V Typical

@>5A)

&
1[0
]
Automotive 5A Fuse n[Z]

1 ]
% h[4]

. e

16 ]
5 07 ]
N
EN

&

BATT
LS1
LS2
LS3

L34

PFI1
PFI2
PFI3
PFl4
GND

—y

PF| Module Connector

Port Fuel
Injectors
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16 Connecting General Purpose Solenoids to the PFI Driver LS Channels

Battery or
Power Supply
(12V Typical
@>5A)
N
1[0]/&y| | [BATT
. 0[1]&y | |Lst
Automotive 5A Fuse S | |2
3]/ | [Ls3
Relay or 14| | |Ls4
Actuator IS | PR
6] | |PFI2
Relay or € TS | |PFis
Actuator eS| | |Pria
Relay or = ]\%‘@ GND
Actuator
e iy
Relay or
Actuator PFI Module Connector
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17 Connecting Inlet Metering/High Pressure Valves to the PFI Driver

Battery or
Power Supply
(12V Typical
@>5A)

Automotive 5A Fuse =
l\—_u;'

o]
=
(2]

BATT

L31

LS2

L33

L54

1[4]
15 ]

] &
i 171
— :
IEN

,

E HPV PFI Module Connector

FPFI1

FFI2
PFI3
PFI4
GND

DD DDDLDDLDD

=
<
&
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7. Additional Support/Feedback

Please contact NI Systems Support at 210-248-9308 or powertraincontrolsinfo@ni.com.
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8. Important Information
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8.1 Warranty

Remove the following paragraph for software products.

The DIRECT INJECTOR DRIVER SYSTEM 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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8.2 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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8.3 Trademarks

Refer to the NI Trademarks and Logo Guidelines at ni.com/trademarks for more information on National Instruments
trademarks.

ARM, Keil, and pVision are trademarks or registered of ARM Ltd or its subsidiaries.

LEGO, the LEGO logo, WEDO, and MINDSTORMS are trademarks of the LEGO Group. ©2013 The LEGO Group.
TETRIX by Pitsco is a trademark of Pitsco, Inc. ©2013.

FIELDBUS FOUNDATION™ and FOUNDATION™ are trademarks of the Fieldbus Foundation.

EtherCAT® is a registered trademark of and licensed by Beckhoff Automation GmbH.

CANopen® is a registered Community Trademark of CAN in Automation e.V.

DeviceNet™ and EtherNet/IP™ are trademarks of ODVA.

Go!, SensorDAQ, and Vernier are registered trademarks of Vernier Software & Technology. Vernier Software &
Technology and vernier.com are trademarks or trade dress.

Xilinx is the registered trademark of Xilinx, Inc.

Taptite and Trilobular are registered trademarks of Research Engineering & Manufacturing Inc.
FireWire® is the registered trademark of Apple Inc.

Linux® is the registered trademark of Linus Torvalds in the U.S. and other countries.

Handle Graphics®, MATLAB®, Real-Time Workshop®, Simulink®, Stateflow®, and xPC TargetBox® are registered
trademarks, and TargetBox™ and Target Language Compiler™ are trademarks of The MathWorks, Inc.

Tektronix®, Tek, and Tektronix, Enabling Technology are registered trademarks of Tektronix, Inc.
The Bluetooth® word mark is a registered trademark owned by the Bluetooth SIG, Inc.

The ExpressCard™ word mark and logos are owned by PCMCIA and any use of such marks by National
Instruments is under license.

The mark LabWindows is used under a license from Microsoft Corporation. Windows is a registered trademark of
Microsoft Corporation in the United States and other countries.

Other product and company names mentioned herein are trademarks or trade names of their respective companies.

Members of the National Instruments Alliance Partner Program are business entities independent from National
Instruments and have no agency, partnership, or joint-venture relationship with National Instruments.
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8.4 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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8.5 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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8.6 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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