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INTRODUCTION

Introduction
This book was written by Diablosport in order to teach and clarify the proper methods to tune vehicles. If you have purchased this book, it is assumed that you already have or will have ChipMaster Revolution Software (CMR). CMR

is the most professional tuning software available for Ford and GM vehicles. It

is also assumed that you already have a good idea what ‘tuning’ a vehicle means

– in the old days a ‘tune up’ meant changing distributor components, adjusting the carb, changing plugs and plug wires. Nowadays, with ever more complex

computer controls, it means something different. The computer in any vehicle is programmed by the manufacturer to strike a balance between power and meeting federal emission and mileage requirements. So today, when we say we are tuning

a car, what we really are doing is modifying the computer program that controls the engine.  We optimize spark and fuel curves, shut off unnecessary monitoring features and do ﬁne adjustments to idle and drivability controls.
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What this means for the vehicle owner is more power with as good or better fuel mileage. In some things that will be covered, assume that the vehicle is for off- road use. Please check with local authorities to see what you can and cannot do to remain emissions legal in your area.

Depending on the vehicle, by modifying the software in the powertrain control module (PCM) you can expect power gains in a stock vehicle of up to 30-35

rear wheel horsepower (RWHP). Diesels can gain over 100-120 RWHP by a

tune, but only gas tuning is be covered in this book. Tuning is a requirement for modiﬁed vehicles, including modiﬁed naturally aspirated vehicles, supercharged and turbocharged vehicles, and nitrous equipped vehicles. The tuning is required both to optimize performance (why spend money on parts and leave power on the table?) and for the safety of the motor. Newer vehicles are especially sensitive to modiﬁcations. Several years ago a person could add a cold air kit to a vehicle and

tuning really wasn’t required. Today, add a cold air kit and the air to fuel ratio of the vehicle will be signiﬁcantly changed. So today even minor changes can require a

tune.

This book speciﬁcally applies to tuning mass air equipped Ford, DCX Speed Density                                        and GM gas vehicles from 1988 to the present. Tuning concepts between 
manufacturers are very similar. Tuning a vehicle properly does require some 
expertise and CMR software. The aim of this book is to give you a good foundation
 to build upon so that you can become a ﬁrst rate tuner. This book will attempt to 
dispel misinformation and give you a solid factual basis for your work.
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In the actual tuning chapters, this book is written in the style of a ‘cookbook’. This means that when you are reviewing these chapters, we encourage you to have

your computer running CMR so you can follow along and make the suggested
1
changes.
Happy Tuning!

CHAPTER I
Chapter 1: Using CMR Tuning Software
In this chapter we will go over the basics of using ChipMaster Revolution Tuning software, which we will sometimes call CMR Software or just CMR in this book. The basics of using the software will be reviewed for both Ford and GM as well

as some of CMR’s advanced features. Also covered will be initial datalogging setup.

Part 1 Computer Requirements
Windows 98SE, ME, 2000 or XP. Windows Vista has not been fully evaluated as

of this writing. We recommend Windows XP. For optimal results we recommend

a computer with a 1 GHz Pentium III or AMD Processor, 20GB HD, 256 MB RAM, serial port and 2 USB ports. If serial port is not supported, a USB to serial converter cable may be used. The screen resolution is very important since the tables are large and you need to be able to view the entire table while tuning,
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therefore we recommend 1280 x 1024 or higher. 1024 x 768 is acceptable but will limit the table views.

Included Hardware & Software
•
ChipMaster Revolution Tuning System Manual.

•
ChipMaster Revolution Software and Template CD’s.

•
ChipMaster Revolution USB Chip/Module Programmer.

•
12 Volt DC 1 AMP power supply (center pin positive) For reading

EECs and powering up the Predator on the bench.

•
RS232 DB9 Serial cable, for Programming/Updating/Real Time

Streaming with Predators.

•
USB Type A to Type B cable for CMR USB Programmer.

Precautions
The CMR tuning software is a powerful application that allows you to completely modify and adjust the computer that controls your engine and automatic transmission. Taking this into consideration the user can make a vehicle operate

at its optimum potential, but can also cause signiﬁcant damage to the engine, transmission, and the vehicle’s PCM/ECU.

The CMR developers cannot be held responsible for any errors made by the user. CMR developers (software and hardware) make neither claims

nor warranties or guarantees.

These tuning tools and the result from using CMR are under the sole responsibility of the user.


NOTE: CMR might function on systems that do not meet these requirements but with less than optimal results.
Do not under any circumstances alter the date on the PC after
the software has been installed, as this will affect the password key
and it will have to be sent back to us to be updated. Daylight savings
changes do not apply.
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Factors that can lead to ECU / PCM failure
NOTE: On Win98 & WinME installations, you will need to have Microsoft Ofﬁce or the Microsoft Jet 4.0
Access ﬁles installed in order for CMR to
work. The Microsoft Jet
4.0 Access ﬁles have been included on the installation CD.

•
A loss or drop in vehicle voltage can be caused by poor battery charge or electronic devices in vehicle. Ensure battery is fully charged and that all electronic equipment is turned completely off.

•
Disrupting the cables while programming.

•
Attempting to start vehicle or cycle key while programming.

•
Installing or removing chip while the ignition is turned on.

•
Programming the wrong code on the chip.

•
Improperly altering parameters in the tune can damage the engine and the transmission.

•
Reading the Ford EEC improperly, e.g. inserting it upside down.

Part 2 Installing the Chipmaster Revolution software on your PC
Before installing software, ensure the date is set properly. Once installed do not adjust the date. Before installing the software, ensure all other applications are closed.
1.    Insert software CD into CD drive.

2.    The software will autorun and start extracting ﬁles.

3.    If you have a previous version of ChipMaster Revolution installed, you will need

to select Update when the menu comes up asking to Update or Remove.

4.    Follow prompts, read agreement and click agree, then the software will begin to install.

5.    Next you will get two message screens. Click “OK” both times. You will then be prompted to restart the PC.

6.    You will now have the Chipmaster Revolution icon on your desktop.

Part 3 First Time Running CMR
When CMR is run for the ﬁrst time, a window will pop up asking to login to the

DiabloSport website. You will then enter your user name and password.
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Enter your login name here

Then click OK


Enter your password here
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You will be asked to provide your ChipMaster

Revolution password that was given to you by

your DiabloSport Sales/Tech Advisor. Enter your password and click on the OK button.

Next a License Agreement is shown and must be accepted in order to

use the software. If you do not
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agree with the terms set forth in the License Agreement, please call your sales/tech advisor for assistance.

After you have accepted the License Agreement, ChipMaster Revolution

will present the ‘Select Manufacturer ’ window. Select the manufacturer you would like to begin tuning and click the OK button. ChipMaster Revolution will only ask this once. The next screen shown will be determined by your

selection in the Select Manufacturer window. If GM was selected, skip forward to the GM section.

If Ford was selected, the following window will appear.
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4
You can also access this window by clicking on the Toolbar Button located in the

upper left hand portion of the screen. Any time this button is clicked, the Ford Select

Fixed/Tuning Files popup will appear. Use of the buttons will be covered later in this chapter.

Part 4 Preparing to Tune
There are three ways to start tuning a Ford vehicle.

#1 - Box Code Selection
Box Code selection is the easiest way to start tuning. Enter the Box Code of the vehicle in the lower left hand box next to Box Code, and press Enter. This will

look up the proper Calibration ID for the box code and load it in as the unmodiﬁed Fixed and Tuning ﬁle and will load the proper template automatically. Once this is completed, click OK to start tuning.
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#2 - Tuning File Selection
If you already have a ﬁle you want to start tuning with, you will click on Browse and locate the appropriate ﬁle. Select it and click OK in the Select Tuning File window. Now press OK on the Select Fixed/Tuning Files window, and the ﬁle
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will be loaded with the proper template and stock calibration. It will ‘become’ the ﬁxed ﬁle automatically.

Tuning File Selected
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Another great feature is that ChipMaster Revolution has the ability to load two entirely different ﬁles as long as they share the same template. This feature allows you to compare ﬁles against each other. This can be two stock ﬁles, a stock ﬁle

and a previously tuned ﬁle or two tuned ﬁles. As an example you wish to see the differences between two stock 99 Mustang GT ﬁles (GTG1 and GTG2 or GTG3

and JRX0). First select the ﬁle you want to compare to which will be your Tuning ﬁle, then check the box for Use Fixed File and click on the Browse button to locate the ﬁle you want to compare from. Select it and click OK in the Select Fixed File
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window. Now press OK on the Select Fixed/Tuning Files window, and the ﬁles will be loaded with the proper template so you can compare the two ﬁles.

File”A” for comparison
File “B” for comparison
#3 - Lookup Selection
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The Lookup Selection can be chosen by clicking on Lookup in the lower right hand corner of the Select Fixed/Tuning Files window. This will bring up a database of Ford PCM’s.

Click Lookup
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6
You can select templates by ﬁve different identiﬁers: Year/Model/Engine, Calibration ID (hex code), Box Code, Calibration Number (CalNum) and E Part Number (EpartNum).

Select the search method and choose the proper vehicle in the drop down menus.

Cal ID
Box Code
Cal Number
E Part Number
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Year
Model
Engine

Download FRG Files: Click on this button to download the FRG file for the vehicle you have selected.


Download Template:

Click on this button to download the template for the current vehicle selected.


Download Both:

Downloads both the FRG

file and the Template file for current selected vehicle.

Once the proper template is highlighted click “OK”
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ChipMaster Revolution is also ‘web enabled’ meaning it will automatically download any missing or updated files. If your PC has an internet connection and you try to load a file that does not exist on your PC, ChipMaster

Revolution will logon to the DiabloSport website and get the file for you.

This also includes any updates to Template files and the ChipMaster
7
Revolution program by itself. By using the internet, the user is assured they
will always have the latest available version.

ChipMaster Revolution also remembers the last file that was tuned. When you restart ChipMaster Revolution, the last file loaded will be displayed

in the Tuning file box. ChipMaster Revolution keeps track of all files that have been loaded. To access this list, click the drop down on the Tuning
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File box. Selecting any one of these files and it will be loaded as your tuning file.

Ford Original File Acquisition:

If you need an original file Then you can type it in to the Ford:Select Fixed/Tuning Files table at the bottom left labeled Box Code and then click download tune.
   Normally you will use the Predator to download the original read out of the
 vehicle, then use DSDL to read the file out of the predator and load it from the

 saved location to CMR. Use the download tune function if this is not possible 

 or the vehicle is not available.
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GM Section
If GM was selected, and you are using 4.4.7.1 or older CMR the following popup will appear. You can also access this by clicking on the Toolbar Button To select the desired GM Template:

Important Note
when selecting GM templates: Occasionally the
template dedicated to
the speciﬁc year does not match or does
not display values
that look proper. This could be due to a
recent reﬂash or a very early year vehicle. To remedy this, select a template for the year above or below the
one currently used
and check to see if the parameters look OK.
[image: image133.png]
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1.    Select the GM group by pressing the GM button in the upper left hand corner.

2.    Select the desired GM template.

3.    Select ﬁxed and tuned ﬁle.
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Select template based on vehicle by highlighting the template and click

“OK”.

Tab Box
Allows user to check which sections are displayed in the Template navigator.

Show Changed Parameters
Check this option to display parameters that have been changed from the fixed file only.

To select ﬁxed and tuned ﬁle go to the directory containing your GM ﬁles. Select desired ﬁle for tuning and ﬁxed ﬁle and click “open”.

Part 5 Basics: Navigating ChipMaster Revolution Software
First some basic concepts to make it easier to understand the General

Regions on the software screen:

Toolbar: The toolbar contains quick access button that per- form various functions

Tuning Table Area - This is
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where the actual tuning takes place

Template Navigator: Contains the pa-

rameters section for scalars, functions and tables. Also referred to as “tem- plate tree view”.


Horizontal or Vertical Graph: Graphical view of

table can be displayed as horizontal or vertical depending on table used, can also be disabled. Use vertical view for a table with one column

and horizontal view for maps with more than one column.
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The horizontal view will display a curve for each row of the table, which is dictated by what cell is selected in the table.
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Template
Each vehicle supported by the software has a Template that is used by ChipMaster Revolution to process the binary data from the PCM into values that the user can understand. The Template is divided into three sections: Tables, Functions and Scalars. These are displayed in the Template Tree View on the left hand side in

[image: image137.png]EECVA"—> CVAFT" 3 4 >cval T1pl
&9 Acceleator Enrichment
€ Base Spak Advance
&9 Borsetine Spark Advance
& Catsbt
€9 Gosed Loop Fuel
& Crark Fuel
3 Fuel Injector
& ide Arow
& de RPM
& IMRC
& Knock Sensor Control
&9 Load/Nolumetrc Eficency
& Luggng Fuel
&9 Mass Ar Fow
@ ACT Comecion for Archarge Densty
@ Estinied Archarge vs RM
@ Mass Ar Tabe:
€3 MBT Sparc Advance:

& Thotte Mode:
& Tiohn Spark Advance

&9 Toraue Converter Corfiguration
& Torque Converer Lockup

& Toraue Converter Sip

& Torque Converer Unlock.

&3 Toraue Modstion

& Transmission Corfiguration

&9 Transmission DownSht Schedule.
& Transmission Timers

& Transmission Torque Liniing
&3 Transmssion UpShit Schedue

@ 5= @ runcions [@ s




the software.

Tables: Two- dimensional maps

in various sizes and parameters (e.g. Spark)


Functions: (Ford and DCX
Only) Two- dimensional maps

in various sizes and parameters


Scalars: Numerical

values (ex. Rev limit, shift point)

You can open all of the scalars at once by clicking on the Scalars tab, right clicking, and then clicking on edit.
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Each section contains Groups and Parameters.

“Groups” (e.g. injector) is subcategorized into

“Parameters” (e.g. injector slope, injector minimum pulsewidth)

Fixed / Tuning ﬁle
CMR works with two ﬁles at once, a Fixed ﬁle and Tuning ﬁle. The Fixed ﬁle is normally the unmodiﬁed stock calibration data and is not changeable by the user. The Tuning ﬁle is where changes to the calibration data are made and is the ﬁle displayed on the screen. When CMR displays the ﬁles, it will show the differences between the ﬁxed and tuned ﬁles by changing the color of the calibration data.

Red is used to show the tuning ﬁle has an increase over the ﬁxed ﬁle and blue for

a decrease from the ﬁxed ﬁle.

Modifying the Tuning ﬁle
Modifying the data:

Scalars Functions and Tables can be modiﬁed by:


NOTE: If all the parameters are changed and you know they should not be, the ﬁle may be corrupt, or the wrong template
has been selected.
•
Percent add / subtract

•
Numerical add / subtract

•
Set a value

•
Directly type a value into highlighted box
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Cells can be highlighted by
•
Clicking on them with mouse

•
Click and hold mouse button to select more than one cell

•
Click beside row or above column to highlight entire row or column

•
The mouse pointer will change to an arrow indicating where to click

Percent add subtract
1.    Highlight cell(s) to be modiﬁed

2.    Ensure the % check is checked

3.    Type the percent change desired into cell

4.    Click on the plus or minus button depending on which direction the change should occur

Numerical add / subtract
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1.    Highlight cell(s) to be modiﬁed

2.    Ensure the % check is unchecked

[image: image140.png]


3.    Type the numerical change desired into cell
12
4.    Click on the plus or minus button depending on which direction the change
should occur

[image: image141.png]


Set Value
1.    Highlight number(s) to be modiﬁed.

2.    Type the value desired into “set value” cell

3.    Click on “Set value” button

Smallest Increment Add/Subtract
1. Highlight the cell(s) to be modified

2. Ensure the % is unchecked

3. Click on the plus or minus with the square background and it will change the value by the smallest increment allowed in the calculation.

You can also enter in data by selecting the cell you wish to change and type the

new values in directly. Press the ENTER key to ﬁnish typing.

Drop Down Menus
File

Tune DCX: Starts the Chrysler Tuning Process

Tune GM: Starts the Ford Tuning Process
Tune Ford: Starts the GM tuning process

Open Reference File: Allows user to select a reference ﬁle to do a comparison

Save: Save current changes under same name

Save As: Save current changes under a different name

Print: Print opened table/parameter

Print Preview: Preview page before printing

Print Setup: Setup printer

1,2,3…..These are recently opened tunes

Close: Close opened parameter

Close All: Close all opened parameters

Exit: Exit the software

Edit
Undo: undo last change

Cut: N/A

Copy: Only on reference tune, allows copying cell(s) to current tune

Paste: Paste the copied cell(s) onto tune.

Select All: Select an entire table

Select Current cell: Select the highlighted cell
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View
Toolbar: Toggle to view toolbar

Status Bar: Toggle to view status bar

Show Grid Lines: Toggle to show grid lines

Advanced Mode Toolbar: Toggle to view advanced mode toolbar

Show Speed Toolbar: Toggle to view speed toolbar

Horizontal Chart: Toggle to view the horizontal graph of tuning table Vertical Chart: Toggle to view the vertical graph of tuning table Templates Tree View: Toggle to view the template tree

Comment Window: Toggle to view the comment window

Fixed File: Toggle to view the ﬁxed ﬁle

Restore From: Gives the option to either restore the highlighted section from one of your ﬁles or the factory ﬁle

Save Settings on Exit: Saves your current setup upon exiting

Set Path Settings: Allows for setup of links to folders and applications

AutoSave: automatically saves ﬁle when changes are made to it

Save Only on Close: Software will only prompt user to save upon closing the application

Use Predeﬁned Values: Special function for Ford MAF tables that will insert proper

MAF table for 90mm MAF and others

Remember Last Description: This will apply prior description to new ﬁle

View & Modify Description: Alter description text for ﬁle opened

Show Descriptions Always on Save: The description box will always open when saving a new ﬁle

Show All Parameters in Grid: Shows everything available

Set Scalar Grid Row Size: Adjust how many rows are displayed in the scalar view

Lock Tune: Option for DCX Tunes
Record
There are several items in this menu area that allow you to record all the differences between  Ford and GM Predators. It also allows you to see the decimal differences

and actual values.

Tools
This menu contains tools and functions that allow you to change the way the software works and/or is viewed.

Window
The following are options on how to view the tables and functions

Cascade: Cascades the windows in view (one on top of the other)

[image: image144.png]


Tile Horizontally: Tiles the windows horizontally

Tile Vertically: Tiles the windows vertically                                                                         
Arrange icons: Set all view settings back to default view
14
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Help
Hot Key Help: Displays all available hot keys (shortcut key strokes)

Help Page: Displays this help page in browser

About DiabloStudio: Displays CMR Version and remaining days of password key

Renew: Opens window to renew the password key

Toolbar
Toolbar Button definitions and explanations
NOTE: Grayed out buttons are not available  
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      Opens up GM template selection
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     Opens up Ford template selection
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     Opens DCX Template Selection
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     Save tune
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     Print table displayed
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     Show Windows calculator [image: image11.png]


     Go to beginning of table [image: image12.png]


     Go to end of table
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     Open the X and Y Normalizers
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     Shows / Hides the template tree view
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     Toggles between all and changed parameters
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     Shows / hides the comment window
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     Expands and Collapses the groups for Tables and Functions only
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     Opens the Mass Air Meter 9 Pt. ‘Curve Fitter’
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Opens the Calibration Wizard
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Opens the Calibration File Selection
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 Saves Current Changes to a Calibration File
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  Edits the current Calibration File         [image: image21.png]



Validates Checksums (GM only)
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 Recomputes Checksums (GM only)
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 Displays the Help File
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Displays the CMR Version and Remaining Days Left on Password Key
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Increase or Decrease Values by Smallest Value Possible
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Increase or Decrease Values by Percent (when % box is checked) or by actual
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 number (when% box is unchecked)
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Set a value for one cell or for an entire section of cells
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Shows Information about the Parameter Selected 
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           Refreshes the Current View
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 Restores Fixed File Settings
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Toggle Between Fixed and Tuning Files
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Opens the Revolution Burner Software
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Opens the 1999 – 2002 (2003 Corvette) Predator PC Interface Software
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Opens the 2003 and newer GM PC Interface Software
[image: image35.png]



Opens the Ford PC Interface Software
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Opens the CMR DAT Datalogging Software
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Click on Save to create a MAF Curveﬁt ﬁle for use at a later time.
Click on Load to open a previously saved MAF Curveﬁt ﬁle.
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Adding an updated EXE ﬁle
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When updating the EXE (Chipmaster Revolution application) ﬁle ensure be sure that

the application is not running. Diablosport will either have the EXE ﬁle on the dealer site or it will be available via e-mail. Either way, download and save the new EXE

ﬁle in the C:\Chipmaster Revolution directory, you will be asked to replace existing ﬁle, click “OK”. Once this is complete you may now run the application as usual.

Part 6 Special Features
Mass Air Meter 9 Point Curve Fitter
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This is the most versatile MAF Curve Fitting software available. Now you can enter the 10 points from your ﬂow sheet into our mass air meter curve ﬁtter and the MAF Curve Fitter will automatically extrapolate a perfect 30 point transfer function.

Ford Calibration Wizard
The Calibration Wizard (CalWizard) allows you to select the gear ratio, tire

size, fuel injector size, misc changes, changes for power adders and changes for electronic throttle control vehicles (ETC). Select Update File and the CalWizard automatically updates your ﬁle with the appropriate parameter changes to make the vehicle shift and run properly with aftermarket gear ratios or bigger fuel injectors,

etc. The CalWizard also allows you to enable and disable functions such as traction control, EGR, catalyst monitors, catalyst temperature modeling, supercharger

bypass, improve high RPM consistency, set up a staging rev limiter, command higher fuel pressure, or enable a ﬁxed timing value all with a couple of key strokes and the click of a button.



[image: image153.png]


NOTE: You need to make the changes with the CalWizard before you start anything else in the ﬁle, and you must click on Update File for the changes to take place.
Enter the tire data

here

And the axle data here
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Choose the injector

size from the pull down menu

Note: Using the Misc
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Wizard, you can dis- able a number of things in the tune, enable a staging limiter, enable static (ﬁxed timing) and raise the fuel pressure
(returnless fuel ve- hicles). You can also set the tune up for a MAF.
ia MAF extender. To
do this set the software number to the same number as the MAF.ia. You must use the injec- tor wizard before you use the MAF.ia wizard.
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Select the type of

Power Adder of the vehicle you are tuning here, then click apply.
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On a drive-by-wire ve-

hicle, click on apply to change the electronic throttle control param- eters.
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Calibration Files
You can also create your own Calibration Files which allow you to use your favorite spark and fuel tables instantly, or your favorite transmission shift functions. In fact any values that you ﬁnd yourself using more than once can be saved and applied to any ﬁle

at any time with a couple of mouse clicks.

To save a Calibration File, click on the Save Calibration File button in the toolbar. This will save any changes that have been made to the ﬁle you are currently

working on to a Calibration ﬁle. The extension will be .cal.

To open a Calibration File, click on the Open Calibration ﬁle button in the toolbar. This will load in all the changes that you have saved to that particular Calibration File. You can load in as many Calibration Files as you want.

Normalizers (Ford Only)
Normalizers exists in Ford tables only. To view the setup right click in table and select “View Normalizers”.

A normalizer is the feature that enables the user to adjust the granularity (spread, increment size) for the x and y axis. For example, a regular non supercharged

Mustang GT has the load tables max out at 1.00. When a forced induction system is added, the load will go higher than 1.00. To be able to tune with that particular table, you must adjust the normalizer accordingly.
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Shortcut Keys
	Category
	Command
	Key
	Description

	File
	Select Template
	Alt+E
	Select Template File

	File
	Save
	Ctrl+S
	Saves the changes to the disk

	File
	Save As
	Ctrl+A
	Saves the changes to new ﬁle

	File
	Save Offset File
	Alt+O
	Save portion of the ﬁle

	File
	Change Tuning File
	Ctrl+E
	Change the tuning ﬁle

	File
	
	Alt+R
	Open the reference ﬁle

	Edit
	Undo
	Ctrl+Z
	Undo changes

	Edit
	Cut
	Ctrl+X
	Cut grid data

	Edit
	Copy
	Ctrl+C
	Copy data from reference view

	Edit
	Paste
	Ctrl+V
	Paste Grid data in grid view

	Edit
	Find
	F3
	Finds the speciﬁed text in the grid

	Edit
	Select All
	F4
	Selects all bytes in the grid

	Edit
	Start Selection
	Ctrl+Q
	Starts/Stops the selection

	Settings
	Grid
	Alt+F7
	Shows the grid view settings dialog

	Settings
	Columns
	Alt+C
	Allows to change the #of columns

	Settings
	Page Size
	Alt+S
	Restore or Modify the Page GoDown and GoUp settings

	Settings
	Show Conﬁguration
	Alt+N
	Restore or Modify the Grid View conﬁguration settings

	Settings
	Restore Default grid size
	Alt+G
	Set grid into default size

	Settings
	Auto Save
	Ctrl+F3
	Enables/Disables the autosave option

	View
	Format-->Hex
	Alt+X
	Displays the bytes in Hexa Decimal Mode

	View
	Format-->Decimal
	Alt+D
	Shows bytes in Decimal mode

	View
	Ascii View
	Alt+A
	Shows/Hides the Ascii View

	View
	Fixed File
	Alt+F1
	Toggles Fixed File and Tuning File

	View
	Goto
	Ctrl+G
	Moves the control to a speciﬁed Address

	View
	Restore From-->Fixed File
	Ctrl+O
	Restores the modiﬁed bytes from the Fixed File

	View
	Restore From-->Tuning File
	Ctrl+B
	Restores the modiﬁed bytes from the Tuning File

	View
	Show Chart
	Ctrl+Y
	Shows the chart for current table

	View
	Refresh
	F5
	Refresh the current view

	Tools
	Add Header
	Alt+H
	Add header to binary ﬁle

	Help
	Hot Key Help
	Shift+F1
	Displays all keyboard commands.

	Right Click
	Base Address
	Alt+B
	Makes the current byte as Origin.

	Right Click
	Full
	Ctrl+A
	Shows all bytes.

	Right Click
	Clip
	Ctrl+K
	Clips the selected bytes.

	Right Click
	Clip Next
	Ctrl+D
	Clips the next range of selection.

	Right Click
	Clip Previous
	Ctrl+U
	Clips the previous range of selection.


Check: See what ﬁle

is currently on the chip module.

Verify: Verify ﬁle on chip module with ﬁle on PC

Program: Program chip module, select .frg ﬁle

to program.

Read EEC: Read PCM utilizing reader port on burner

Read Mod: Read the current chip module plugged in to burner

Label: Allows user to make custom labels utilizing a label printer
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Print: Print set of labels

Reset: Reset communication

between burner and PC Exit: Exit the application


Part 7 Additional Revolution Applications
Revolution Burner
The Revolution Burner is an interface that will transfer the .frg ﬁles to a chip.

[image: image163.png]
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Programming a chip
1.    Insert chip into burner

2.    Select EEC type and 1 or 2 tunes as well as ‘switch on the ﬂy’ as desired by putting a check in the appropriate box.

3.    Press the “Program” button and select the appropriate ﬁle(s). The Revolution Burner will look for .frg ﬁles by default. You can go to “ﬁle type” and change that or in Windows XP you can start to type the name and a drop down

selection will appear that allows you to select the ﬁle, then click “OK”. The chip should now begin programming.

4.    Once the chip is programmed it will prompt you to verify the chip ﬁle against the ﬁle on your hard drive. This is not a necessary step unless you need to double check that the chip was properly programmed.



[image: image164.png]


NOTE: The software must not have any table or scalar open that contain the ﬁle you are transferring to Chip. Please close all tables and scalars
for that particular ﬁle before burning a chip.
[image: image165.png]


Reading an EEC computer
NOTE: Please do not
attempt to read an EEC if you are not sure about how to do it. Inserting the EEC the wrong way will permanently damage the EEC.
1.    Clean the J3 port on the EEC properly.

2.    Insert the EEC into the read slot on burner.

3.    Insert the EEC with the box code label facing up.

4.    Connect the power once it is inserted and open the burner program on the PC.

5.    Click on “Read and Save to File”. Type the box code followed by “rd” and save. The next window will display a hex table. Click “yes” 3-5 times and monitor the numbers for any changes (the ﬁrst number will change on the ﬁrst

click). If numbers change in the table while clicking “yes” the connection is bad. Please check the connection. If the numbers do not change the connection is

good, you can continue and click “no”, this will proceed and read the EEC.

6.
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Note: Some vehicles require jumpers (traces on the circuit board  that needs to be connected
for the J3 port to function properly). These vehicles will not start nor can the ECU be read by our reader. When attempting to read an ECU like this, the numbers displayed in the dialog window will never stay the same, they will change every time you sample the ECU. Contact
your distributor for assistance.

Once the read is completed and you veriﬁed the location where the ﬁle was saved you can go back to tuning software. Select proper template, then choose the ﬁle you just read. You will be prompted to convert the ﬁle into an .frg format as the reads

are in binary.
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Reading a chip
1.    NOTE: You can only read chips which have been programmed with your programmer. You can check the chip and see the name of the program on chips you have not programmed.
2.    Insert chip into burner.

3.    Click on the Read Mod button under Utilities.

4.    A Save As window will pop up. Enter the ﬁle name you want to save use and click on save.

[image: image168.png]


5.    The chip will be read and saved to the folder you speciﬁed.
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Using a Predator
DiabloSport Downloader (DSDL)

DSDL is used for transferring tune files to or from any Predator for Ford or Chrysler. Newer GM Predators with at least revision 9r01 will use DSDL as well. Older GM Predator with revisions of  1.XX and 2.XX will use the appropriate PC interface software.
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NOTE: Before uploading the tune to PC the following step must be done. This step is not necessary for the original backup to be uploaded.
When doing tunes for Predator you can either start with the Predator tune or you can use the original backup.

Exporting tune from Predator to PC
(Step 1 and 2 are not necessary if you want to use the original backup as long as the Predator has done the original backup)


NOTE: For Predator tunes, the original backup or current tune IN the vehicle MUST be used because of PATS,
VIN and Predator serial numbers. Using another ﬁle will NOT work and may disable the vehicle.
1. Go to the PC and connect the Predator to the power supply and serial (or USB to 

      serial) cable 
2.    With the tune installed in vehicle, select Get Tune File from Predator.

[image: image171.png]


3.    Then a window will come up that will ask you to select Yes so download original backup or select No to download last tune written, Select No to get the tune file.

4. Select either “Original Backup” or “Last Tune written” 

5. The file will now be transferred from the Predator to the PC. Select the appropriate directory where you want to save the file.

6.    You may now load the tune file in CMR and open it to be viewed or edited.

6
Importing a Custom Tune
Once the tune has been modiﬁed and saved, you can upload it into Predator.

NOTE: The software must not have any table or scalar open that contains the ﬁle
you are transferring to Predator. Please close all tables and scalars for that particular ﬁle before transfer.

1. Connect the Predator to the PC and power it up.

2. With the Predator on the main menu, open the DSDownloader.

3. Click ‘Send tune file to Predator’.

4. You will be asked to browse to find the file you want to load.

5. Once you select the file and click ‘open’, you may be asked to specify a valid base file for comparison (Most 05+ Ford and any DCX applications).

6. If you are asked to specify a base file, browse and find a copy of the original backup file from that vehicle, and click open. If you do not have a copy of the original backup file, you will need to upload one to the PC from the Predator before you can load the tune.

7. The tune will now download to the Predator. Confirm that the Predator displays ‘import OK’, and then you may flash the tune to the vehicle.
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GM Predator
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The GM PC interfaces are for use with older GM Predators that display a 

revision of 1.XX or 2.XX, newer tools with the 9r01 or later crom will use DSDL.

NOTE: Before uploading the tune to PC the following step must be done. This step is
not necessary for original backup to be uploaded.
1.    With the tune installed in vehicle, go to “Tune It”.

2.    Go into “Troubleshooting” and select “Save Current Data”. The

Predator will save the tune that is in the vehicle so it can be uploaded

to the PC. If no tune is installed, it will read the original factory tune.
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Upload tune from the Predator to the PC
NOTE: The software must not have any table or scalar open that contains the ﬁle you are transferring to Predator. Please close all tables and scalars for that particular ﬁle before transfer.

1.    Open the software

2.    Plug the serial connector into the Predator

3.    Turn on the power for the Predator

4.    Go to Options, then highlight PC Communication (do not press enter) and leave the Predator on that menu

5.    In the software, click on “Vehicle Current File” or “Original Backup”, and in the window enter your VIN number (or whatever you want to name the file).

6.    Click “OK”

7.    Go to the Predator and click the enter button, on the bottom left of the software screen you should see “communicating” then it would start to show numbers, this indicates that the tool is uploading the ﬁle to your PC

Download tune from the PC to the Predator
NOTE: Custom tunes must be made from the vehicles original backup or vehicle’s current
ﬁle only. The Predator looks for VIN and serial number for each vehicle.

1.    Open the software

2.    Plug serial into the Predator

3.    Turn on power for the Predator

4.    Go to options, then PC communications. Leave the Predator on that menu

5.    In the software, click on “Performance File”, select ﬁle that you wish to load into the Predator

6.    Go to the Predator and click the enter button, on the bottom left of the software screen you should see “communicating” then it would start to show numbers, this indicates that the PC is uploading the ﬁle to your Predator
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DataViewer 3.1

The datalogger works in conjunction with the Predator and allows user to datalog

and monitor selected parameters at a slow or a fast sampling rate (determined by amount of parameters selected, eight or more will run on slow rate and eight or less will run at a fast rate 90 samples per second).
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To set up the live data stream
Note: If you prefer a certain selection and would like to save that parameter conﬁguration you can (after the
desired parameters are checked), go to
“File” then “Save conﬁguration” and enter a desired name
for group of parameters and save it. You can
then open that desired conﬁguration ﬁle before any streaming data session and have a preset group of parameters.

1.    Plug the Predator into the vehicle’s diagnostic port and attach the serial cable from the Predator to the PC. With the DataViewer open it should automatically locate the programmer and will take over the tool remotely. The screen on the predator will signify this by saying “Tool under remote control”
2.    In the software, select the parameters to monitor by checking the box next to each parameter. Go to “Diagnostics” then “Streaming Data” on the Predator to start the data stream. Once stopped, the software will ask you to save the log

ﬁle if desired

To view log ﬁle in playback mode:

1.    Go to “File” then open log ﬁle. The log will begin and can be paused, fast forwarded or reversed using the corresponding buttons.

2.    To view graphical view of the parameter click on the “Hide” cell in the chart column. This will show the graph. You can view more than one graph at a time. NOTE: The play/stop/FFW/RRW and pause buttons only work when the top window (displaying the numerical values) is highlighted.

Upload a log ﬁle from the Predator
1.    Once a run has been logged in the Predator, connect it to the PC ensuring proper COM port selection.

2.    Go to “Options” then “Troubleshooting” then select “Log Upload”

3.    In the software go to “Tools” and select “Download Log File”, there should be a progress bar on Predator screen and a packet count in the bottom left corner of software.

4.    Once completed the data can be viewed by opening the log ﬁle.
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CHAPTER II
Chapter 2: Getting Started Correctly
You cannot just get started by purchasing the software, this book, a few chips and

a Predator or two. You also need some good basic equipment to support, diagnose and prepare vehicles for tuning. You need a couple of different data gathering tools

as well. You also need a little basic knowledge of the operation of the  engine, it’s sensors and the fuel it uses. This chapter will attempt to explore these items.

Part 1 Necessary Tools
Basic Shop Tools
You will ﬁnd a lot of the basic shop tools you may have already are invaluable for tuning. You must always remember that in order to properly tune a vehicle, it must

be mechanically sound with all the sensors working properly and all parts adjusted

to factory specs. Here is a list of some of the things you may ﬁnd helpful:

•
Hand tools, sockets, wrenches
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•
OBD 2/CAN Code scanner – to read and clear diagnostic trouble codes (DTCs) The Diablosport Predator can read and clear DTCs on OBD 2 and CAN

vehicles.

•
OBD 1 code scanner – to diagnose earlier vehicles.

•
Timing light – used for setting/verifying timing on vehicles with distributors.

•
Vacuum/fuel pressure testers – used to check vacuum when looking for leaks

and for testing/setting fuel pressure. A ‘smoke’ tester is also a good addition for ﬁnding vacuum leaks.

•
Electrical equipment such as a volt/ohm meter, soldering iron, crimp tools.

These are just a few of the things you should have if you will be seeing a wide

variety of vehicles to tune. If you specialize or are only tuning one vehicle, you may not need all of this.

Chassis Dynamometer
A chassis dynamometer is very helpful for tuning a vehicle. With it, you can adjust part throttle and wide open throttle tuning parameters in a controlled environment. You will also have rear wheel horsepower (RWHP) reference points when

attempting to extract more power from a vehicle. Dynos usually have software packages, tie downs, fans and some datalogging capabilities included. Make sure you follow the dyno manufacturer’s requirements for use.
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Use ear protection
when running a vehicle on the dyno, unless you are inside the vehicle In that case, you’ll need
to have the window up, listening for ping or detonation.
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Use recommended tie-downs and wheel chocks for safety and be sure the area is well ventilated or use hoses from the vehicle’s tailpipes to the exterior. Carbon monoxide can build in an enclosed area fairly rapidly and you may not notice its effect until it is too late.

Be sure to run a fan of adequate capacity so the air passing over the radiator is equivalent to the air that would pass over the radiator when the vehicle is on the road. Do not let fan wash affect mass airﬂow sensor (MAF) readings. Sometimes,

even if a fan is indirectly blowing on the air ﬁlter, MAF readings will be skewed. Be sure to aim the fan away from the MAF.

Connect all RPM pickups, boost sensors and other logging items carefully, making sure wires will not burn on engine components. An RPM pickup is usually a requirement for a dyno. That’s one of the inputs it uses to determine horsepower. It’s also necessary, and more on this will be discussed in later chapters about additional data inputs. Things such as air to fuel ratio (AFR), boost, TPS voltage and MAF voltage can really help you out. Contact your dyno manufacturer to see what is available and add as much as you can. The more data the better.

Tuning on the road is also possible. It works best with two people, one driving and one logging. It’s always a great idea, even if the car has been tuned on the dyno to check the tune on the street as well. With turbocharged vehicles, this is mandatory because the dyno will often not allow the engine to get properly loaded so that it builds full boost. The AFR will usually be different on the street than on the dyno.

You should rely on the street settings for turbo cars, or at the very least tune the AFR

very conservatively on the dyno.

A Wideband Oxygen Sensor Meter
A good wideband oxygen sensor meter (wideband) is required for tuning. A

wideband oxygen (02) meter will come equipped with a special sensor that can read the amount of oxygen in the vehicle’s exhaust. It then takes this data and translates

it to lambda and air to fuel ratio. The wideband sensor differs dramatically from a stock or narrow band sensor. It is made from a planar zirconium element, that uses
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an electrochemical gas pump to measure oxygen in the exhaust.
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The circuitry in the unit controls the voltage to keep the output stable, so that the current is directly proportional to the oxygen in the exhaust. This allows readings from about 10.0 - 22 AFR with a good accuracy.

Dyno manufacturers usually supply their dynos with widebands as an option. In most cases they work really well. But if you have the option to upgrade to a better wideband, you should consider doing so. The tune will only be as good as your

data. Horiba, Motec and the AFM-1000 series are all excellent lab-grade widebands. They are expensive with expensive sensors. In the past few years the availability of less expensive wideband sensors has resulted in a virtual ﬂood of less expensive,

but still excellent widebands. Models such as Zeitronix, Innovate, PLX, NGK and Wideband Commander, to name a few, are very good and should work well.  When you are choosing a wideband, be sure to get one that will also display Lambda – as you will see in the following section, this is necessary.

It’s also a great idea to get a unit that will allow some limited datalogging. When you are tuning EEC IV Fords or when you need to roughly dial in any vehicle, it’s very helpful to have the ability to log AFR/Lambda vs. MAF volts or RPM. Many

of these units will allow a 0.5 V source to be logged along with the AFR data. This will be covered in more detail in later chapters.

Since wideband sensors are particularly sensitive to leaded fuels, you will dramatically reduce the life of the sensors when used with leaded fuels. The expensive NTK sensors tend to stop working when their lifespan is complete. The Bosch sensors tend to slowly degrade over time. Some of the widebands

have internal calibration routines that correct for this. Others you must manually calibrate. It’s best to calibrate these devices prior to tuning each new vehicle.

Whichever type of wideband is obtained, the data generated is only as good as the condition of the sensor and the location of the sensor. Dyno manufacturers often

sell ‘sniffer’ boxes that work by placing the sensor in an external box with exhaust samples taken from a copper tube inserted into the vehicle’s tailpipe. While this

is an acceptable method for a stock vehicle, it is not the best way to monitor AFR

for a modiﬁed vehicle. There can be as much as a 0.5 second delay in the 02  sensor readings with a sniffer – so you will never see the actual data at the end of a run.
Not a good situation.

The best place for a sensor is just ahead of the catalytic converter. It may be necessary to weld a bung into the exhaust pipe to accommodate the placement of the sensor. It’s also possible to use one of the rear 02  sensor bungs with the rear

02 sensor removed. But in a vehicle with catalytic converters, be aware that the converters sometimes hold and then release oxygen. This can cause slightly false lean readings.

Dual widebands for each ‘bank” (both sides of the exhaust in dual exhaust vehicles)

are a really good idea. They can be used to  pinpoint exhaust leaks, bad injectors and faulty wideband sensors when you get out of the ordinary readings. They can do this by swapping sensors side to side.
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Datalogging Device
Your tune is only as good as the data you gather. Fortunately the Predator will allow you to gather the necessary data along with a wideband to successfully tune any

OBD 2/CAN vehicle. The speciﬁcs of logging will be covered in later chapters.

For OBD 1 vehicles there are a couple of options. Some of the Ford EEC IV

processors have Data Communication Link (DCL) capabilities built in.

Unfortunately most do not. For those that do, (notably 1994-95 Mustangs and some other vehicles) you can use a code scanner with DCL capabilities to monitor real

time sensor. Unfortunately, DCL data is not all that fast and there is only a limited amount of information available. Most of the time, EEC IV vehicles will be tuned

by forcing open loop, monitoring AFR and MAF voltage and making changes based on that data. A good wideband with logging capabilities is required if many EEC IV vehicles will be tuned.

The stoich point of 10%
ethanol gasoline is
14.13.
The stoich point of E85
fuel is 9.765.
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Part 2 Fuel
Blended Fuels, Stoichiometric and Lambda
Knowing about lambda is very important, since different fuels are in use these days. Lambda can be thought of as the ‘native’ language of the wideband - the wideband converts to AFR readings from lambda with it’s internal software. Lambda is used

as a measurement of residual oxygen in the exhaust system, it tells how far from stoichiometric the exhaust gases are. A lambda of 1.0 is the stoichiometric (stoich) point of the fuel in use. Stoich refers to a chemically balanced state where the actual oxygen to fuel ratio results in complete combustion of the fuel for all practical purposes. The stoich point for gasoline is 14.64:1 air: fuel. So for gasoline, a stoich

of 1.0 means an AFR of 14.64. The stoich point will vary depending on the amount

of alcohol mixed in the gasoline but the ‘perfect’ combustion mixture will always show as lambda 1.0 on the wideband no matter what fuel is used. The alcohol most likely to be mixed with gas will be ethanol, this is the same type of alcohol found in vodka and other adult beverages.

This is why having a meter that will also give results in lambda is very important

– because no matter the different stoich points of the fuel, the wideband will always give a read out of Lambda 1.0 as stoich. The sensor is reading the by-products of combustion and it doesn’t matter what exactly was burned by the engine. Gasoline

will register Lambda 1.0 at an AFR of 14.64, E85 will register lambda 1.0 at an AFR

of 9.765. Many widebands DO NOT automatically give the correct AFR reading f   or different fuels. Many do this but need to be recalibrated for the different fuel. On meters that do not, you simply need to watch lambda instead of AFR. Suppose

you want to run a supercharged vehicle at an AFR of 11.5, but it is running 10%

ethanol fuel. A little math will give you the lambda you should be watching for: 11.5

(desired AFR)/14.13 (stoich point) = 0.814. You can run the same lambda no matter the fuel, but by watching lambda, you are automatically adding enough fuel. In the case of alcohol fuels the volume of fuel required to get you to the desired lambda

will be much higher as compared to gasoline. So the fuel delivery which is adequate for gasoline, may not be adequate for alcohol fuels. Some states (Minnesota) have already legislated the use of E20 fuel (20% ethanol) by 2013. So it’s a great idea to

be ready for future fuel changes.

Part 3 Sensors
The Mass Air Meter (MAF)
The MAF is the heart and soul of the motor. Without it, the PCM has no idea how much air is entering the engine. The MAF does not measure the volume of air,

it measures the weight or mass of the air. This is important because the weight

of the air will vary considerably due to varying conditions, such as temperature, barometric conditions and altitude. The MAF uses sensitive components to convert airﬂow into voltage (Ford) or frequency (late model GM). The voltage is then mathematically correlated to airﬂow over a typical operating range. This range consists of many different points. This is represented by the mass airﬂow table in your software. Manufacturers calibrate the MAFs using ﬂow benches and other testing equipment. The PCM uses this voltage or frequency data to determine the proper injector pulse to maintain the AFR that is commanded in the stabilized open loop fuel table. More on that later. One of the most critical parts of tuning involves

checking and adjusting the mass airﬂow table so that your commanded fuel matches what you are actually seeing with your wideband.

Types of MAFs
Hot wire sensor used in most Fords
These work by heating a wire with electricity. The wire is suspended a ﬁxed diameter housing which promotes laminar airﬂow. The wire’s internal resistance changes with temperature, thereby limiting current ﬂow. As airﬂow changes, the wire changes temperature, just like your body is cooler in a wind – the airﬂow moves the heat away from the wire. The feed voltage of 5 V is altered by this process and the varying voltage from the return wire going back to the PCM

is directly proportional to the mass of the air. The modern MAFs work really

well. They respond to ﬂow changes rather quickly, and usually do not provide a restriction to the airﬂow. Although there can be problems that we’ll look at a little later. Another important function of the MAF is that it provides input when the

PCM is calculating load. Load can be thought of as volumetric efficiency or the ability of the engine to completely ﬁll it’s cylinders on each intake stroke. Load

is very important in a modern PCM because it is often used a determining factor

in choosing the proper spark and fuel for a motor. It is also used for several other functions.

A GM cold wire sensor
Modern GM vehicles starting with  the LS-1s, employ a coldwire MAF. In it, the air moves over the sensor and causes what is called  “inductance”  or a magnetic ﬂux. This signal is directly converted to “frequency” which is really a repeating waveform – similar to waves in water - except for different airﬂows, the ‘waves’
change in amplitude and spacing. This data is sent to the PCM which uses a method similar to Ford’s for determining air mass. This signal is then fed to the car’s ECU.
MAF Notes
Some Fords, early SVO Turbo 4 cylinder models, used a vane style meter. But these will not be covered in this book.

This book will not be dealing with older MAF-less systems called speed density.
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Be really careful when tuning a car on the dyno. Keep an eye on the mass air meter voltage. If it starts getting close to 5 V
be prepared to lift the throttle. If you wait for the motor to go lean, you won’t be able to lift
the throttle in time since it goes lean so rapidly.

Mass air meters can sometimes cause tuning issues or problems.
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The internal wires of the sensor may become oil fouled from oil type ﬁlters. To correct this, remove the sensor and examine the wires. They can be cleaned with alcohol and a cotton swab.

The meter may peg. Pegging or saturation occurs when the meter reaches the maximum voltage or frequency level that the processor can handle. With Ford vehicles, this limit is 5 V. Keep in mind that this is not an airﬂow issue, as in the body of the meter being a restriction to airﬂow. It is simply an electronic limit imposed by the PCM.

When a meter pegs, bad things start happening:

The PCM stops calculating for additional airﬂow when the meter pegs, and so it does not add additional fuel via the fuel injectors. However, airﬂow will continue

to increase causing a very rapid lean condition. This is bad for a naturally aspirated engine and worse for a supercharged or turbocharged motor and can mean that

the expensive engine can quickly be ruined. Another bad thing that can happen with a pegged meter is that calculated load will initially stay static and then start

decreasing. The timing tables are setup so that at the lower load levels the timing is much higher. So as calculated load is decreasing actual load is really going higher. So that means timing is also increasing. Add this to the lean condition that’s already

happening and you have a recipe for disaster.

There are a couple of things that can be done in the tune to ‘Band-Aid’ a pegged meter. These things will be discussed in later chapters. They are only temporary measures, until a more permanent, reliable solution can be found. The best way to

deal with a pegged mass air meter is to use a Diablosport MAF.ia mass air extender. The install is simple and involves plugging it into the mass air wiring connector

and making a couple changes in the tune. It is highly recommend that there be
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several MAF.ias available when tuning vehicles. They are an inexpensive and highly reliable means to cure a pegged mass air meter.
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A mass air meter can be used in the ‘normal’ mode, which is called draw through, whereby the motor creates a vacuum, which draws air through the mass air meter. This is a reliable method that most manufacturers use. When a mass air meter is used in draw through mode with a supercharger or a turbocharger, a boost bypass valve is required.

A mass air meter can also be used in blow through mode. This is where the turbocharger or supercharger is in front of the mass air meter. When a mass air

meter is used in blow though mode, in a boosted application, a boost blow off valve

(BOV) is used. These systems will be covered more extensively in Chapter VII.

Calibrated MAFs
MAFs that are ‘calibrated’ for injector sizes are also available. These are strictly aftermarket MAFs meant to be used with different sized injectors. None of

the MAFs from Ford or GM are calibrated for any speciﬁc injector size. Gen

2 Lightnings use 90mm MAFs and have 42# injectors, but the MAF is NOT calibrated for those injectors. All injector calibrations are done in the processor code by Ford and GM. Calibrated MAFs are meant to make it easy to add bigger

injectors. The premise is that the MAF’s internal components have been modiﬁed so that a different injector size will be compensated for. In other words, add

bigger injectors and a calibrated MAF and the vehicle should run perfectly with no other changes. There are a few problems with this, ﬁrst the calibration must

be correct and this is not always the case. Second, the meters are calibrated by altering resistors within the MAF, so return voltage is changed. A MAF calibrated for 42# injectors on a vehicle that originally had 19# injectors skews the voltage

by about  45% or so. The problem is that this will also skew the load calculations which control fuel and spark in most cases. There may also be hot start problems as well. As a result, despite popular conception, a tune is required for a vehicle with a calibrated MAF

Narrowband Oxygen Sensors
Stock oxygen sensors that come from the factory on Ford and GM vehicles are narrow band sensors. These sensors produce an electrochemical reaction based on the amount of oxygen in the exhaust system, using atmospheric oxygen as

a reference. The reference oxygen in most cases is taken from a channel in the wire’s insulation. This is why an oxygen sensor harness (between the sensor and plug) should never be altered by splicing wires, as this oxygen source will be affected. These are not to be confused with wideband oxygen sensors, because their only function is to switch around the stoichiometric point of the fuel in use.

This switch point is about 0.45 V. When the processor sees this, it knows that the mixture is at 14.7 air to fuel ratio. Deviations from this will cause the PCM to either add or subtract fuel. This is what’s called a closed loop feedback system. It’s no coincidence that when the engine is running using data from the oxygen sensors,

it is in what is called closed loop mode. Usually when a motor starts, it is an open loop, cold start mode, running off of fuel tables. Then after predeﬁned temperatures and times are attained, the oxygen sensors come in to play and the motor switches

to closed loop mode.
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Rear oxygen sensors, are there to monitor catalytic converter efﬁciency and are not necessary. They can be shut off in the tune.
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In most vehicles there are certain triggers that allow the engine to switch from closed loop mode back to open loop WOT mode. At wide-open throttle (WOT), the oxygen sensor data is ignored and most of the fueling data comes from the

mass air meter. However, some vehicles, most notably Ford trucks of certain years with certain engines, run in closed loop mode all the time. These trucks can be

tuned to run in open loop at wide-open throttle, which will increase performance substantially.

For the oxygen sensors to operate properly, they must reach an operating

temperature of at least 300° Celsius. Oxygen sensors have built-in heating elements

to help them achieve temperature quickly.  The heat from the vehicle’s exhaust system will keep it hot enough. In some vehicles, such as turbocharged vehicles with the oxygen sensor is placed too far away from the motor, the oxygen sensors cannot maintain the proper heat to give good results.

Problems with Oxygen Sensors:
Oxygen sensors slowly degrade over time but still function as they degrade. Before they ﬁnally fail they can cause problems. So it’s a good idea to replace sensors on a regular basis.

Although it may be necessary to lengthen oxygen sensor wires. Longer wires must not be spliced directly into the oxygen sensor wires. The oxygen sensor gets its reference oxygen through the insulation of the wiring pigtail. Cutting and splicing into the oxygen sensor wires (between the sensor and the connector) will short-

circuit the reference oxygen source and cause major problems. Commercial oxygen sensor harness extenders are available, or the harness itself can be extended instead.

Oxygen sensors, when they are replaced, should be installed one bank at a time so as

to avoid crisscrossing the wires.

When long tube headers are installed on a vehicle they will place the oxygen sensors further away from the engine than stock. This can result in a small delay in data

getting to the processor as compared to a stock set up. Some of the later processors will automatically learn this delay, in earlier processors the delay needs to be adjusted in the tune.

Throttle Position Sensor
The throttle position sensor is used on all vehicles from 1988 to 2004. It’s an essential sensor because the processor uses throttle position in several different ways. The throttle position sensor is located on the throttle body and sends data in the form of voltage back to the processor indicating the position of the butterﬂy throttle plate. The sensor is simply a variable resistance potentiometer. On a Ford vehicle there is a 5 V source wire running to the TPS. The potentiometer controls

the amount of voltage sent back to the processor. The PCM uses this difference to calculate throttle position. Adjustment usually is not necessary on a throttle position sensor. However, with an aftermarket throttle body it may need some adjustment. Normally, at key-on the processor ‘zeros’ the throttle position sensor data. This is

only done within a certain range, and with some aftermarket throttle bodies this
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range will be exceeded. So it’s beneﬁcial to check the voltage at the throttle position sensor to verify it is not exceeding 1.0 V by too much.
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If the voltage is too high, the throttle position sensor mounting holes  may have

to be enlarged so that it can be rotated. Or re-adjust the throttle body stop screw. Normally never change the setting of the throttle body stop screw but in this case it may be necessary. All idle settings are stored in the keep alive memory (KAM) so

it’s essential that The KAM be cleared it after any idle setting changes. The easiest way to do that is to disconnect the negative battery terminal and then step on the brake pedal several times to drain all the capacitors in the processor.

Other than what was already outlined, the TPS is usually problem-free. But, since they are mechanical devices they can occasionally go bad. They can be checked

with an ohm meter through their entire range to make sure the resistance is smooth.

Idle Air Control Valve
The idle air control valve (IAC) was used on Fords from 1988 to 2004 and older

GMs. The IAC is basically a small stepper motor that drives a valve which adds or subtracts intake air to maintain idle RPM. Usually this valve is problem-free. When using an aftermarket throttle body sometimes there are problems. OEM throttle

bodies are manufactured with a special coating on the inside. This coating prevents the throttle blade from sticking and allows the throttle blade to be almost fully shut within the bore. Many aftermarket throttle bodies do not have this special coating

and rely on slightly cracking a throttle blade to keep from sticking. This sometimes causes problems because the IAC is not controlling idle air properly.

Intake/Air Charge Temperature Sensor (IAT/ACT) and Engine Coolant Temperature
Sensor (ECT)
These sensors measures the temperature of the air coming into the motor (IAT/ACT) and the coolant temperature (ECT). They are  variable thermistors that use a reference voltage from the PCM versus the voltage sent back from the sensor to the PCM. Different voltage levels correspond to different temperatures. For Fords starting

in 2002 and GMs with later LS-1s the ACT is located in the mass air meter. This normally doesn’t cause any difﬁculties however, there are a couple of cases where

it may cause difﬁculties. With any vehicle that is supercharged or turbocharged

you really must have the ACT situated so that it sees boosted air because as air is compressed it is heated. It is essential that the processor know these temperatures. For vehicles that have the ACT in the mass air meter it’s critical  that it be rewired and an stand-alone sensor be used somewhere after the power adder. On a Ford,

the outer two mass air wires are for the air charge temperature sensor (for 2002 and up). On GM vehicles which sometimes are tuned in speed density mode, the MAF is completely removed. In these cases it’s necessary to wire in an air charge

temperature sensor separately.

The ECT rarely cause problems, however be aware that they occasionally go bad.




Idle tuning is one
of the most difﬁcult parts of tuning so datalogging some of the IAC functions will really help.
When swapping to new throttle bodies it’s always a good idea to tune with the OEM throttle body installed. Then after the tune add the aftermarket throttle
body. If the vehicle has excellent drivability characteristics with
the OEM throttle body but after the aftermarket throttle body is added
drivability suffers, it’s easy to pinpoint the problem.
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CHAPTER III
Chapter 3: EFI Controls
Common systems in modern EFI controls are integral for every tune and necessary for proper operation of the vehicle. Many of these things will either affect the tune

or should be adjusted in the tune.

Part 1 Fuel System
The two basic types of fuel systems that will be discussed are: return style fuel systems; and returnless style fuel systems.

Return Style
In a return style fuel system the fuel pump runs at either one or two speeds and it is on pumping fuel all the time. Return style fuel systems a gyrator style (gear) fuel pump. These pumps are triggered by a relay and begin running at key-on. There
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is a fuel supply line that goes to the engine from the tank and a return line that returns excess fuel from the injectors to the tank. Fuel pressure is controlled via a mechanical diaphragm that opens and closed based on engine vacuum or boost. It

is a variable mechanical restriction in the fuel line that shunts more or less fuel to

the injectors and then back to the tank. Fuel pressure is measured with a mechanical gauge at the fuel rail with a vacuum controller off. Most Fords use fuel pressure of

39.5. Most of the rest of the industry uses a standard fuel pressure of 43.5.

On any blown application, the fuel pressure regulator must be connected to the boosted side of the system so that fuel pressure is raised on a one-to-one basis along with boost.

Return style fuel systems are relatively easy to upgrade. The stock pumps can be replaced with aftermarket pumps of much higher capacity such as 255 L per hour pumps. External inline pumps can be added as long as the fuel lines and fuel rails are not restrictive. It’s always a good idea to upgrade pumps if upgrading fuel injectors.

Returnless Style
Fords from 1999 and up use returnless style fuel systems. These fuel systems use
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a turbine style fuel pump which is designed to run at a varying speeds based on voltage. Besides the fuel pump this system incorporates an electronic module called the fuel pump driver module (FPDM) and a fuel rail pressure sensor controlled by processor to provide the necessary fuel to the motor. Within the processor there are

three essential controllers that make the system work.
41
The processor uses several different parameters that can be controlled in the tune, including the FUEL PUMP MAIN VOLTAGE FOR PID CONTROLLER and
the FUEL RAIL DELTA PRESSURE as well as the settings for the PID controllers.
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The proportional controller adjusts fueling in large steps. The integral controller
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ﬁne tunes the fuel delivery. The derivative controller keeps the system in check and attempts to prevent oscillations in fuel pressure. Together they are called the PID controller (not to be confused with datalogging PIDs). This system does not actually measure fuel pressure per se, but keeps track of the pressure drop across the fuel injectors and tries to maintain a steady reading there. The fuel rail pressure sensor,

like a fuel regulator in a return style system, “sees” engine vacuum via the vacuum line. And just like a return style system, the fuel rail pressure sensor must also be connected to the boost side of the intake on boosted applications.

Returnless fuel systems work really well because they react quickly and they compensate for fuel pressure changes. However, on higher horsepower vehicles there are some problems:

Blown Mustang GT’s from 1999 to 2004 will run out of fuel without fuel upgrades. There are two ways to solve this: For vehicles up to 375-400 rear wheel horsepower remove the stock fuel pump and use a Focus SVT fuel pump instead. However, as

the horsepower reaches about 400 and beyond the only solution is to swap out the fuel pump and fuel tank for an ‘03 Cobra fuel tank and pumps. It is necessary to

swap the fuel tank because the fuel ‘can’ in the GT fuel tank will not provide enough fuel to the higher capacity pump and will simply suck the fuel it dry.

On 2003 and 2004 Cobras and on 1999 to 2004 Mustang GT’s with Cobra fuel setups that are heavily modiﬁed, it may be necessary to add a fuel pump voltage booster to extend the range. It is recommended that when these are used, they be wired before the FPDM so that the processor is still in control of the fuel system. When this is done it’s also a good idea to upgrade wiring for the fuel system with heavier gauge wiring. There are many tech articles available on the Internet that show how to do this.

Another way to upgrade the fuel system on returnless cars is to use  Ford GT

(supercar) fuel pumps. Also use an upgraded fuel tank with this modiﬁcation. However, when Ford GT fuel pumps are used dual FPDMs are also necessary.

2003 and 2004 Cobras are often plagued with a shift hesitation. There are a couple
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of things that can be done in the tune to mitigate this. But one mechanical change that can be performed that will help with this, is to remove the positive pressure relief valve (PPRV) from the fuel tank. While this will help eliminate the shift hesitation it may result in and slightly longer cranking times when starting the engine. More on this in a later chapter.

Fuel Injectors
As previously mentioned, Ford rates most of their fuel injectors to ﬂow based on

a fuel pressure or pressure drop across the injectors of 39.5. On modiﬁed engines

it is usually necessary to upgrade fuel injectors to a larger capacity. It’s relatively easy to calculate approximately how much power an injector will support. To do this you need to know a some things ﬁrst. The ﬁrst thing is the brake speciﬁc fuel

consumption of the motor. This is the amount of fuel in pounds that it takes to make one HP for one hour on an engine dyno. This number for most naturally aspirated motors is about 0.5 plus or minus. For blown vehicles this is about 0.6 plus or

minus. To calculate injector capacity multiply the ﬂow rate of the injectors times the number of cylinders. As an example use; 8 cylinders X 42# = 336. Then divide 336

by the brake speciﬁc fuel consumption: 336/0.6 = 560. So 42 pound injectors will support about 560 HP at the crankshaft. To convert that to rear wheel horsepower multiply 560 times 0.85 which equals about 476 rear wheel horsepower. Keep in mind that this is not a hard and fast rule it’s just a guideline.

While Ford rates the injectors at a fuel pressure of 39.5, most of the rest of the industry uses 43.5. When Ford 42# injectors are used at the industry standard fuel pressure of 43.5, they actually will ﬂow close to what 50# injectors ﬂow. Higher fuel pressure results in higher ﬂowing injectors. In closed loop, the processor can learn around this but usually not at wide-open throttle if adaptive control is set properly in the tune.

Part 2 EFI controls
Open and Closed Loop
As previously outlined the processor uses several modes when it is operating. On initial startup the engine goes into cold start open loop, where it uses the base open loop fuel table as a means of determining fueling. This table can be adjusted when tuning for cold start problems. The engine stays in cold start open loop based on a combination of time and temperature. Once the criteria are reached it transitions to closed loop.

Closed loop means that the engine is operating based on data from the oxygen sensors and is in a feedback loop. In closed loop which is used for idle and part throttle, the processor attempts to keep the engine operating at stoich, which for gasoline is 14.64. Some things can prevent closed loop operation. If the mass air table is not properly calibrated it will not go into closed loop. Likewise, if there

are problems with the oxygen sensors such as being worn, not getting hot enough, wiring problems, etc., it will not go into closed loop.

Open loop, when the engine is at operating temperature, is usually triggered by a

TPS value that is considered the equivalent of wide-open throttle. This setting, even though it’s called wide-open throttle, actually begins from around two-thirds throttle and up.
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For example on a 2003 Cobra, to enable WOT mode the TPS must be at 560 AD

counts. Sometimes in the software you will see AD counts mentioned. An AD

counts is a digital representations of voltage. An AD count can be converted directly

to voltage by multiplying the AD count times 0.00488. As a result, 560 AD counts equals about 2.7 V. When you consider that the TPS will usually max out around 4.7

V this equates to about 0.57% of maximum throttle.

There are several timers and temperature controls that can be used in the tune to control open and closed loop.

Adaptive Control
The processor  always attempts to keep the air fuel ratio at 14.64:1. In a perfect world, nothing else would be needed besides the oxygen sensors. However, the oxygen sensors also work with data from the mass air meter. This data can be skewed by all of the intake piping a worn meter, a dirty meter, etc. Fuel injectors can also wear slightly and deliver differing amounts of fuel. So the manufacturers program the capacity into the processors to actually learn around small errors.

The processor adjusts or ‘trims’ fuel to the motor based on feedback from the

oxygen sensors attempting to keep the air to fuel ratio at 14.64. This is done despite any changes in the mass air meter, mass air meter intake tubes, and fuel injectors. There are short-term fuel trims and long-term fuel trims. The short-term fuel trims

change the system immediately, while the long term trims reﬂect slow changes made by analyzing trends from the short term data.

In stock form the processor actually uses closed loop data to modify open loop

(WOT) fueling. The manufacturers assume whatever is adversely affecting the fueling down low will also affect it at wide-open throttle. On modiﬁed vehicles

this is problematic. Fortunately, this can be changed by modifying the ADAPTIVE UPDATE RATE/OFFSET table. To do this open the table and change all the values

in the table to positive number such as ﬁve. The numbers in this table refer to oxygen sensor cycles.

Idle Control
Idle control is accomplished by a fairly complicated feed forward system that utilizes values in the PCM and target idle speeds. Tables and functions in the software tell it at what speed to control the idle and how much air to use while it’s controlling the idle. In earlier vehicles the idle speed control valve is used to add

and subtract air at the throttle body. In drive-by-wire vehicles throttle blade angle is changed. This is further complicated by modiﬁers that are necessary for idle speed for  such things such as: startup, changes when the air conditioner is on, changes for power steering in some cases, changes for automatic transmission equipped vehicles

as well as modiﬁcations based on temperatures. Idle control is also accomplished through spark, as there are minimum spark clips that are used to control idle speed. Often times it can be helpful to reduce the minimum spark advance at idle.
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Dashpot
The dashpot settings are a throwback to vehicles equipped with carburetors.

Vehicles with carburetors often stalled when the throttle blades snapped shut when the throttle was lifted. Diaphragms spring devices were devised that physically slowed the last quarter of throttle rate closure to eliminate the stalling. Modern dashpot settings still retain the name but the function is completely electronically controlled. The dashpot controls in the processor are not idle controls nor part

throttle controls, but transitional controls from part throttle or wide-open throttle to idle. There are several settings in the tune get that can either slow the throttle rate down to prevent stalling or speeded up to prevent hanging revs. Normally there is a dashpot decay rate which can be reduced to prevent stalling or increased to prevent hanging RPMs. There usually is also a dashpot clip (there are sometimes more

than one), and a dashpot preposition. These latter controls are usually moved in the opposite direction of the dashpot decay rate to get the same effect.

Knock Sensors
Modern knock sensors work really well at preventing ping and detonation by automatically pulling spark. They also used to automatically add spark

when better grade fuels are used. Some of the manufacturer’s earlier attempts at manufacturing engines with knock sensors didn’t work out so well. For Fords starting with the Mach 1’s, the sensors started working well. In some of the earlier

Cobras the knock sensors did not work well and would miscellaneously pull spark.

In these vehicles either shut them off or limit the amount of spark that they can pull. On any vehicle in a blown conﬁguration it may not be possible to get knock sensors

to work properly because of blower noise or turbo noise. It would be very difﬁcult

to properly calibrate knock sensors to work in these cases. In fact, Ford eliminated knock sensors from the second generation blown Lightnings and blown 2003 and

2004 Cobras. LS-1 & 2 knock sensors also work well.

Electronic Throttle Control
All of the latest Ford and GM vehicles use drive-by-wire, whereby there is no mechanical link between the throttle pedal and the throttle body. The throttle is controlled via electronic signals from the throttle pedal to the throttle body. These controls, from a tuning standpoint, are the most complicated to deal with. It’s

very easy to create major problems very quickly when modifying drive-by-wire vehicles. For that reason Diablosport has limited drive-by-wire controls in the tune. Diablosport engineers have made the necessary changes in the tune via the

CalWizard and the application of the ECT changes to the tune. This makes it easy

to get good results without unwanted changes. Always use the CalWizard to change tire size and axle ratio in a drive-by-wire vehicles rather than doing this manually as the proper, but sometimes hidden parameters are changed. Always choose to use the ETC modiﬁcations within the CalWizard.
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CHAPTER IV
Chapter IV:  Tuning an EEC IV Ford
In this chapter the procedures used for tuning and EEC IV Ford vehicle will be outlined. For this section the vehicle will be a 1995 Mustang GT, EEC code T4M0. The vehicle has the following modiﬁcations: aftermarket aluminum heads; 42

pound fuel injectors; 90 mm Lightning mass air meter; centrifugal supercharger with 10 pounds of boost; long tube headers; aftermarket camshaft; and all smog equipment removed for off-road use.

What if the vehicle was naturally aspirated?  Tuning a naturally aspirated car will

be very similar to this. A naturally aspirated car can tolerate more spark and leaner fuel, but other than that it’s basically the same.

What if the vehicle was a Fox body?  Tuning a Fox body car is almost exactly the same. The only thing that is really different is wide-open throttle spark and part throttle fuel. There are a few other things that are different as well that are not necessary for the tune. Fox body spark will be covered when it is different.
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Part 1 Building the File
Start Chipmaster Revolution software and click on the Ford icon on the toolbar.

In the Box Code section and enter the processor code, T4M0 then click OK. The ﬁrst thing to do is to use the CalWizard to start setting up the ﬁle. Click on the CalWizard icon in the toolbar to open the CalWizard. The ﬁrst tab is for axle ratio
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while this vehicle has 3.73 gears it doesn’t matter in this particular instance because the speedometer is not controlled by the computer. This tab is meant for Ford’s that with the axle ratio parameters which started

in 1999. For automatic vehicles, several changes need to be made which will be discussed later.



On any vehicle with a distributor, it is assumed that 10°
base timing, and stock fuel pressure is used. Check timing and
fuel pressure before the tuning begins, and adjust them if necessary.
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Click on the Fuel Injector tab and choose 42 EV1 Bosch and then click Update File.
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Under the ‘Miscellaneous Tab’ click on ‘Disable EGR’ . This vehicle does not have rear 02  sensors, traction control, supercharger bypass, catalyst models and it does not have a MAF.ia mass air extender. Click on update ﬁle

Under the ‘Power
Adder’ tab: skip
this section because this is used for later
Mustangs. Also skip the
‘ETC’ tab because this vehicle has a throttle cable.
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Next, the CalFile for the mass air meter must be loaded. Choose the CalFile read button on the toolbar and select 90mm_lightning_MAF_eeciv.cal and click open.
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Part 2: Making Changes within the File
Scalars
Start in the scalars section and carefully look over the ﬁle and make the necessary changes. The ﬁrst step is to shut off adaptive fuel control. To do that, open Adaptive Fuel and change the MAX RANGE OF ADAPTIVE CONTROL value to 0.5 and
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change the MIN RANGE OF ADAPTIVE CONTROL to 0.5. This will shut off adaptive control.

Under Base Spark Advance set the MINIMUM SPARK ADVANCE AT IDLE to 10. This will allow spark to have much better idle control than it does from the factory.
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Next, adjust the cooling fan settings so that the fan comes on sooner and stays on longer. In the calculation box enter 15 and choose subtract with the trigger temperatures selected. Do this for all temperature triggers.
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Under Diagnostics/Failure Mode set the MAX MAF VOLTAGE to 5.0. This will add

a small bit of upper range to keep the mass air meter from pegging.
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Under Global Spark Advance choose GLOBAL SPARK ADDER and enter -4. It is a good idea to pull about 4° of timing while trying to get the air to fuel ratio correct. The timing can be added back in later.
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Choose Idle RPM and change IDLE RPM IN NEUTRAL to 850. Idle speed needs

to be raised to help with the aftermarket camshaft. If this were an automatic vehicle (computer-controlled 1994 to 1995) the IDLE RPM AND DRIVE
VALUE would be raised to about 875. On an automatic vehicle raising the

drive idle speed slightly above the neutral idle speed can help prevent stalling on a vehicle with aftermarket camshaft when going from park to drive.
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Under Load/Volumetric Efﬁciency, change the MAX BAROMETRIC PRESSURE to

29. Also change the MIN BAROMETRIC PRESSURE to 29. This will prevent the processor from learning defective values.
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Note: the Following Step Is Very Important!  Choose Open Loop Fuel and change the WOT AIR CHARGE MULTIPLIER to 1.9. Also change the WOT MAX ANTICIPATED AIR CHARGE FACTOR to 1.8. If this is not done the engine will go lean.
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Since this is a power adder vehicle it must transition from closed loop to

open loop quickly. Change TIME TO DELAY OPEN LOOP FOR ECT and TIME TO DELAY OPEN LOOP FOR RPM to all zeros. It needs to transition quickly from Closed Loop to Open loop when closed loop is re-enabled for WOT tuning.
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Under Powertrain Conﬁguration, notice that the EGR TYPE has been changed to

a value of 2 which disables it. Next, disable the Thermactor system (smog pump). Change THERMACTOR ENABLE/SELECT to zero.
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To adjust the rev limiter go to Powertrain Limiting and choose all four of the RPM

limiter values and change them to 6250.
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The last thing to change in the scalars is the Tip-In Spark Retard. Open Tip-in Spark

Advance and change the value to 50, this will eliminate spark retard on tip-in.
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Functions
The ﬁrst thing to look at is under Borderline Spark Advance and is called SPARK MULTIPLIER VS ACT. This function uses the air charge temperature sensor to modify spark. It may be necessary to adjust the ACT trigger temperatures and the spark values in this function. It should be noted that the spark values seen in this function are affected by a multiplier. When there is a number such as 20, that is

not the actual timing that will be added or subtracted. Go into the tables tab under

Borderline Spark Advance and look at the BORDERLINE SPARK MULTIPLIER
FOR ACT . The numbers in the table are used to multiply by the number seen in this function. It uses load and RPM to determine the correct multiplier.

The next thing is located under Crank Fuel. While nothing in this section will be changed, it should be noted that this is the area where adjustments are made for hot start problems. Decreasing the pulsewidth in the appropriate temperature ranges

can eliminate having to the ﬂoor of a throttle in order to start the vehicle when the engine is hot.

The next thing to look at is under Mass Air Flow. Select the MASS AIR TABLE. This

is what will be used to calibrate the mass air meter so that the actual air to fuel ratio reﬂects what is commanded. All fuel related tuning will be done here. After the mass air meter is properly calibrated the fueling can be changed using the STABILIZED OPEN LOOP FUEL TABLE.
Always tune EEC IVs in open Loop. To do this, the software must force open loop operation. Choose Open Loop Fuel and then click on MIN LOAD TO FORCE
OPEN LOOP and change the entire right-hand column to all zeros.
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Next, go to Throttle Mode and choose the THROTTLE POSITION TO ENABLE
WOT MODE. To have the vehicle go into WOT mode sooner change all of the right- hand values to 550.
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Tables
Under Adaptive Fuel open the ADAPTIVE UPDATE RATE/OFFSET table. Change all the values in each cell to 5. On this particular processor there are no negative values so there will be no learning at WOT. We really didn’t have to change this,

but it’s good to get into the habit of changing it for all processors. If there were negative numbers, it would mean the processor would apply idle and part throttle learning to WOT.

Borderline Spark Advance is the section where most of the timing changes will be

done. Choose BORDERLINE DETONATION SPARK ADVANCE. 1994 and 1995

Mustang GT’s sometimes have a problem with detonation. It’s probably because there is too much part-throttle spark. Choose the bottom three rows of this table in the load areas from 0.1 to 0.3 and use the calculation box to subtract 10° of timing from this area. Since this is a blower application there is way too much spark at

the higher RPM areas. A good starting spark value for this particular combination

is probably around 18° total timing. Since this is a blown vehicle the load should go higher than 0.9 (90%). This has not been renormalized for load in this ﬁle. Renormalizing conﬁgures load to go past 100%. The spark at higher loads than listed will remain the same as the in highest load value. That is, in the 0.9 load

all load values above a load of 0.9, will have identical commanded timing as 0.9 load. Select the top two rows from 2500 RPMs and up and subtract 7, using the math functions. If renormalization was needed on the load rows so that the top

row actually reﬂects the maximum load achieved, then use the toolbar and click on the X Y Normalizer icon and make adjustments to the rows. In this case it is not necessary.



BASE SPARK ADVANCE is the spark that Ford uses to determine the
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maximum brake torque for a stock motor. This table is not adjusted.
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If this were a naturally aspirated engine, changes would still be made to the bottom three rows, subtracting 10°. But then changes would also be made to the top three rows as well, this time adding spark. Depending on the heads these engines will like anywhere from 26° to 31° of timing. Make appropriate adjustments there. If bucking

or surging at low RPMs is experienced, add some of the low load timing back in.

If this were a Fox body vehicle there would be a different function to adjust wide- open throttle spark advance. The function used is under the Functions tab in the

WOT Spark Advance folder. Adjust WOT SPARK VERSUS RPM. This is strictly an RPM controlled spark advance table. Make the appropriate changes in that function. Naturally aspirated, these motors will like anywhere from 28 to 31° of total timing.

For forced induction vehicles start out at a maximum of about 18° of timing.
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Part throttle spark for a Fox body is in the Tables tab in the Base Spark Advance folder and is called SEA LEVEL BASE SPARK ADVANCE. This table is usually left alone. Now back to the T4M0.

Choose BORDERLINE SPARK ADDER FOR A/F. This table adds spark as the

mixture gets richer but in this application this is not desired. Select all values and set them to zero.
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This vehicle is equipped with long tube headers so the oxygen sensor will be a bit further downstream than stock. The bigger problem is the long tube headers will

allow the exhaust gases to cool much more quickly than in a stock system. This can

be helped somewhat in the tune. Choose Closed to Loop Fuel and then EXHAUST TRANSPORT DELAY. Select the entire table and raise it by 20%. Be sure to have

the percentage checkbox checked when doing the math.
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Since this vehicle has an aftermarket camshaft it will cause problems with idle. Part

of the problem is that the camshaft opening and closing events will be shifted so that the fuel injector is no longer ﬁring onto a closed intake valve. To cure that go to Fuel Injector and open up the FUEL INJECTOR DELAY. Choose entire bottom three
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rows and pick an arbitrary number such as 100 and subtract it from all the values

in the bottom three rows. This table is set up based on 720° rotation and more often than not subtracting 100 in this area really helps idle. Experimenting with different

53
values or using cam card details as a guideline may even give better results.
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Finally, adjust the target air to fuel ratio. For most push rod engines with forced induction, the target air to fuel ratio will be around 11.5:1. Click on Open Loop Fuel and then STABILIZED OPEN LOOP FUEL. Since the target air to fuel ratio

will be 14.64:1 at idle and part throttle, change the bottom half of the entire table to

14.64:1. Adjust higher RPM fuel so it is rich enough for a blown vehicle. Select the top four rows from 2500 RPMs up and change them to 11.5.
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If this were a naturally aspirated motor the bottom half of the entire table would

still be changed to 14.6 4:1. But the higher RPM fuel could be changed to anywhere from about 12.5:1 to 13.1:1. There is no real set value and part of tuning is ﬁguring

out which number makes the best power.

On a Fox body vehicle the fueling is controlled in the Tables tab in the Open Loop Fuel folder under BASE OPEN LOOP FUEL. This table uses load and coolant temperatures to establish fueling so make changes to this table for a naturally aspirated or a forced induction vehicle.
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Part 3: Tuning The Vehicle
At this point the ﬁle is ready. Be sure to save the ﬁle and burn the chip. Remove the processor from the vehicle at this time and clean it. Be sure to disconnect the negative battery terminal when the processor is removed. It will be necessary to take the processor apart and clean both sides of the J3 port connector. The earlier Ford’s use a heavy grease that must be ﬁrst removed with clean cloths and alcohol

or electronic cleaner. Follow this up by scrubbing the connector with a green scrubbing pad. Be careful not to remove too much material. Follow again with a good alcohol cleaning. If upon installation of the chip, the fuel pump continues to run or the car will not start, it wasn’t cleaned enough - start over.

Suppose the vehicle has an automatic transmission. If it’s in 1988 through 1993

Mustang it is not electronically controlled so follow the dyno manufactures recommendations on how best to tailor the runs. However, for 1994 and 1995

Mustang GTs and any other vehicle with an electronically controlled transmission,

a few things can be done in the tune to prevent the transmission from downshifting and to keep the converter locked during the run.
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3rd Gear Converter Unlock
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2-1 Downshift
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3-2 Downshift
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In 1994 and 1995 Mustang GTs the automatic processors were: W4H0 or U4P0.

Go to the functions tab and open up Torque Converter Unlock and then select 3RD GEAR CONVERTER UNLOCK AT SEA LEVEL and change all of the MPH values

to 20. Then go to the Transmission Downshift Schedule folder and select SEA LEVEL 2-1 DOWNSHIFT MPH and change all of the MPH values to 8. Finally go to the SEA LEVEL 3-2 DOWNSHIFT MPH and change all of those in  MPH values to 8. When on the dyno for WOT tuning, allow the transmission to shift

into third gear. Be sure to lock out the overdrive and then go to WOT at about 25 mph. Remember to change these values back to stock when the tuning has been completed.

At this point strap the car onto the dyno, hook up the wideband, and begin tuning. With adequate ventilation allow the vehicle to come up operating temperature. Then start logging; at a minimum it will be necessary to log mass air meter voltage and

air to fuel ratio. If there are a means to log additional parameters such as spark that’s also a good idea. Normally on these vehicles the mass air voltage signal is taken

from the outer blue mass air harness wire.

Allow the vehicle to idle for a couple of minutes until there is a nice steady reading
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at idle. In this example the air to fuel ratio is 14.70 and at that point the mass air meter voltage is 0.75. Since it is being tuning in open loop do not be too worried about getting the ratio exactly at 14.64, however it should be fairly close.
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Next raise the engine speed to about 1500 RPMs and in this example the air to fuel ratio is again 14.70 at 1.14 mass air meter voltage.
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Rev the engine to 2000 RPMs. See that the air to fuel ratio has dropped to 14.00. This will need to be adjusted. The mass air voltage is at 1.49.
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Increase the revs to 2500. The air to fuel ratio has dropped even further to 13.1 at a mass air meter voltage of 1.71. This will need adjustment also.
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At 3000 RPMs the air to fuel ratio is 13.00 at 1.86 mass air meter volts.
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Next put the car in gear and allow it to get into 3rd or 4th gear and starting at 2000

RPMs do the same thing as when free revving the engine. This will put more load on the motor and give more points to adjust. For this example just use the values
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obtained free revving the motor.
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The following table summarizes what was logged:

	
	AF Ratio
	MAF Volts

	Idle
	14.7
	0.75

	1500
	14.7
	1.14

	2000
	14.0
	1.49

	2500
	13.1
	1.71

	3000
	13.0
	1.86


To make the corrections open up the MASS AIR TABLE function and make changes

at the appropriate voltage levels. But ﬁrst there needs to be a little bit of math. The formula for determining the correction factor to use at each level is very simple

it’s actual or observed air to fuel ratio divided by the target air to fuel ratio. Actual/

target = correction factor.

Making corrections from 2000 RPMs and up. Doing the math results in the following:

Step 1 – Figure Raw Correction Factor
Step 1: 2000 RPMs --14.0/14.64 = 0.956

Step 1: 2500 RPMs --13.1/14.64 = 0.895

Step 1: 3000 RPMs --13.0/14.64 = 0.888

Step 2 – Figure Raw Percent Correction to apply to CMR
Step 2: 1.0 – 0.956 = 0.044

Step 2: 1.0 – 0.895 = 0.105

Step 2: 1.0 – 0.888 = 0.112

Step 3  - Convert Raw Percent to Finished Percent
Step 3: 0.044 = 4.4% Step 3: 0.105 = 10.5% Step 3: 0.112 = 11.2%

This is basic math that was used to convert the correction factors to a percentage so the CMR math functions can be used. Since the raw correction factors were under

1.0, that means the percentages are to be subtracted from the mass air table values.

If the raw correction factors ended up being above 1.0 and it would’ve indicated the need to add the percentages to the table values.

Make all corrections in the lb/min column of the MASS AIR TABLE. There’s no need to touch the volts column.
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Very Important!
#/min values in the mass air table must
not cross. That is, each ascending cell, must have a higher numeri- cal value in it. Check the graph to make sure this does not happen. If the numbers are out of numerical sequence it
will cause the vehicle to shut off when it hits that point, or not even start.

For a ﬁrst correction the reference point is 1.49 V (that’s what was observed). Always make the corrections just under the observed voltages. In this case the closest voltage under the value is 1.416. Just to be safe adjust at the reference voltage just above that: 1.2695. Highlight the lb/min values corresponding to the

aforementioned voltages. Be sure the percentage box is checked in the math box and click on the minus sign.

The next voltage reference value is 1.71. Choose the values that correspond to 1.56

V and 1.7 V and in each of these subtract 10.5%. The next correction is at 1.86 reference volts. But what is going to happen in this case is corrections will be made all the way down from 1.855 to 2.8809. In fact this last correction factor could be

used on each value all the way to the end of the table since we assume that the mass air output is linear. This is done because there should not be any holes, lean spots or rich spots in the transfer function. Subtract 11.2% from the values in the right-hand column in this area.
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Subtract 4.4%
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Subtract 10.5%
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Do Not

Adjust this column
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Subtract 11.2%
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Now it’s time to repeat the process to see how the changes worked. Save the ﬁle and

re-burn the chip before proceeding.

Start the vehicle, ﬁre up the wideband and get more data.

For sake of example just look at the areas that were off in the previous run. At 1500 RPMs the air to fuel ratio is 14.7.

In 2000 RPMs the air to fuel ratio is 14.7.

At 2500 RPMs the air to fuel ratio is 14.6, this is close enough.

At 3000 RPMs the air to fuel ratio is 14.5 - this is also close enough. The oxygen sensors will be able to handle this small adjustment when they are turned them back on.

Next, move on to wide-open throttle tuning. At this point, re-enable closed loop operation in the tune. Be sure fans are set up so the engine will not overheat and

the vehicle is properly strapped down. Make sure the wideband is operational and any datalogging devices are working. Do a dyno pull at wide-open throttle to the designated maximum RPM. Abort the pull if detonation is heard. Sometimes puffs

of black or gray smoke coming from the exhaust can be seen at higher RPMs even before detonation is heard. Abort the pull on a blown car if the air to fuel ratio gets higher then about 12.3:1. Abort the pull if it looks like the mass air meter voltage

will exceed 5 V.
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The air to fuel ratio on this particular run was pretty rich: 10.9:1. The mass air meter voltage is well below 5 V so it will not be pegging.

Notice how the air to fuel ratio ramps down quickly when it goes into open loop. A totally ﬂat air to fuel ratio at wide open throttle is not necessary. As long as it reﬂects the commanded fuel it will be ﬁne, assuming it’s not too lean.

On this run when it went into open loop the mass air voltage started out at about 2.5

V and at the end of the run it was 4.16 V.

Adjustments will be made from 3.6 V and down to the maximum values. It was slightly less rich from 2.5 V to 3.5 V. Do not going to bother with that area now. However, making small adjustments to that area may pick up better power.

The calculations for a correction factor are as follows:

Step 1 – Figure Raw Correction Factor

Step 1: 10.9 actual AFR/11.6 Target AFR = 0.94

Step 2 – Figure Raw Percent Correction

Step 2: 1 – 0.94 = 0.06

Step 3  - Convert Raw Percent to Finished Percent

Step 3: 0.06 = 6%

The value below 3.6 is 3.46, so use that as a reference point and make corrections from there all the way down to the reference point of 15.99.

Do another dyno pull and recheck.

In this case the corrections worked pretty well. The actual air to fuel ratio is 11.6:1. It’s not always this simple, in many cases it will be necessary to make several series

of changes to get part throttle and WOT fueling correct.

Now that the fueling is correct start adding timing back in. Remember, 4 degrees

of spark were globally subtracted at the beginning, so it can go back. Start adding

it back in 2° increments. If it is still picking up power and without detonation, then more timing might be added via the borderline table. Even if the motor does not detonate but it is not picking up any more power, back the timing down.

It’s always a great idea when ﬁnished to take the vehicle out in the street and drive

it. That way any drivability issues will be identiﬁed and can be corrected. At this point turn adaptive control back on.  You will need to return the adaptive values

back to stock to accomplish this. If it’s an automatic transmission equipped vehicle

be sure to set the transmission values back to where they were. Save the ﬁle and re- burn the chip.
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CHAPTER V
Chapter V: Tuning an EEC V/CAN Ford
In this chapter the procedures used for setting up a ﬁle, data logging, and then

tuning EEC V/CAN Ford vehicle will be covered. The EEC V with the CAN Ford vehicles are lumped together because they are very similar to tune. The CAN processors differ mainly because of the electronic throttle control, otherwise they

are very similar to tune.

In this chapter the tuning of a 2000 Mustang GT with a 4.6 2V motor will be outlined. The processor code is a GIZ1. It has the following modiﬁcations:

•
42 pound injectors

•
90 mm Lightning mass air meter

•
Aftermarket camshafts

•
4.10 axle

•
2003 Cobra fuel tank and the pumps

•
All smog equipment removed for off-road use

•
Long-tube headers

•
Vortech supercharger running 16 pounds of boost
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•
Custom intercooler.

Since the MAF may very well peg, a MAF.ia will be added to prevent that from happening.

This particular vehicle has a returnless style fuel system so it may be necessary, depending on the horsepower to add a voltage boosting device to the fuel pumps.

Data logging will show if this is necessary. If tuning a 1996 through 1998 vehicle or

a late model Lightning, tuning would be very similar except for the returnless fuel part of the changes.

If the vehicle were naturally aspirated it would also take the same basic steps in tuning, however the spark and fuel tables would be different. Those differences will

be outlined.

If the vehicle had an automatic transmission, setting it up for the dyno will be covered. There will be more information on automatic transmissions in Chapter 8.

If the vehicle is a 4.6 - 4 valve motor, or a 5.4 motor, again tuning is very similar, with the exception of some fueling and spark changes, as well as a few other differences. Electronic throttle vehicles are also very similar. Be sure to use the CalWizard to apply the ETC (electronic throttle) changes on those vehicles.



For different vehicles, even with different processor codes, and different motors, basic tuning will remain the same when there are major differences we will attempt to outline them.
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Part 1: Getting Things Ready
A very high percentage of “problem vehicles” i.e., vehicles that seem very difﬁcult

to tune are that way due to mechanical problems with the vehicle. Before the vehicle can be tuned it must be mechanically sound, not throwing any diagnostic trouble

codes, have good sensors and fresh spark plugs. On a return style fuel system with

an adjustable fuel pressure regulator be sure the fuel pressure is set to 39.5 with the vacuum off and plugged for testing. The vehicle will need good fresh spark plugs

and ignition components. On any forced induction setup spark plugs should be gapped at 0.028 – 0.032”. For naturally aspirated engines the gap can be 0.038 – 0

.040”.

Part 2: Building The File
Start ChipMaster Revolution software and click on the Ford icon on the toolbar. In the box code section enter the processor code GIZ1 and click OK. The ﬁrst thing to

do is to use the CalWizard to start setting up the ﬁle. Click on the CalWizard icon

in the toolbar to open the CalWizard. The ﬁrst tab is for axle ratio. This vehicle has
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4.10 years so were going to need to change it to 4.10 enter 4.1 in the axle ratio box and then click on Update File this will automatically make the change to the ﬁle.
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The next tab is the fuel injector tab, use the pull down menu to choose 42 pound injectors and click Update File.
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Under the Miscellaneous Tab place a check mark next to Disable EGR to turn off the exhaust gas recirculation system for off-road use. Also place a check next to

Disable Traction Control so it will not operate. If this were a late model Lightning

or a 2003 – 2004 Cobra the supercharger bypass could be disabled. Since this vehicle is equipped with a MAF.ia the changes in the software for the  MAF.ia

are made here. Choose the number 2 on the pull down menu. Make sure that the

MAF.ia is also set to number 2. To enable a “two-step” rev limiter for launching
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at the drag strip check next to Enable Staging Limiter and enter an RPM value for launching. Please note that this is only available on certain 1999 and up vehicles. Enable ﬁxed timing, if desired, on this screen. This helpful for turbocharged vehicles. Likewise, higher fuel pressure could be enabled in case the fuel injectors are too small. To add these changes to the ﬁle click Update File.
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Moving to the Power Adder tab, choose Centrifugal Intercooled, and then from the pull down menu choose the appropriate year or vehicle, and click apply.
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Finally, if this vehicle had Electronic Throttle Control, i.e., drive-by-wire, the

ETC change would be applied as well. This is used for all late-model vehicles and speciﬁcally: 2005 and up Mustangs.

Next the mass air meter calibration will be added by clicking on CalFile Read on the toolbar. Choose the CalFile: 90mm_lightning_MAF.cal
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Part 3: Making Changes within the File
Scalars
Open the adaptive fuel folder in the scalars section, and change the value for

ADAPTIVE FUEL ENABLE to 0. This shuts off adaptive fueling so that adjustments

to the mass air transfer function can be made without “chasing our tails”.
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In the Diagnostics/Failure Mode folder be sure that the MAX MAF VOLTAGE is set

to 4.998. This gives the mass air meter a little more headroom as compared to the factory setting of 4.7 V.
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Under Global Spark Advance choose GLOBAL SPARK ADDER and enter -4. It is a good idea to pull about 4° of timing while trying to get the air to fuel ratio correct. The timing will be added back, later.
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Choose Idle RPM and change IDLE RPM IN NEUTRAL to 850. The idle speed

needs to be raised to help with the aftermarket camshafts. If this were an automatic vehicle the IDLE RPM AND DRIVE VALUE WOULD BE RAISED to about 875.

On an automatic vehicle raising the drive idle speed slightly above the neutral

idle speed can help prevent stalling on a vehicle with aftermarket camshafts when transitioning from park to drive.
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Under Load/Volumetric Efﬁciency choose the MAX BAROMETRIC PRESSURE
and change its value to 27.5. Also change the MIN BAROMETRIC PRESSURE to

27.5. This will prevent the processor from learning defective BP values.
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Note: the Following Step Is Very Important!  Choose Open Loop Fuel and change the WOT AIR CHARGE MULTIPLIER to 1.9. Also change the WOT MAX
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ANTICIPATED AIR CHARGE FACTOR to 1.8. If this isn’t done the engine will go lean.


The Cooling Fan folder contains
values for turning the cooling fan on and
off.  The CalWizard automatically changed these initially, but
if they need further adjustment this is where it occurs.
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A note about Crank Fuel: in this example this will not be adjusted. It should be noted that this is the
area where adjustments are made for hot start problems. Decreasing the pulsewidth in
the appropriate temperature ranges can eliminate having
to the ﬂoor of a throttle in order to start the vehicle when the engine is hot.
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Under Powertrain Conﬁguration notice that the EGR TYPE has been changed to a value of 2, which disables the EGR. Notice also in this section that the AIR MASS DISPLACEMENT OF 1 CYLINDER has been changed from stock. This is because
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the MAF.ia has been installed via the CalWizard. With the MAF.ia displacement and injector slopes are ratioed. In this section, if the vehicle were originally equipped

with IMRC’s or any type of intake runner control they could be disabled here. Disable knock sensors in this section as well as the rear oxygen sensors. The Cal Wizard already has disabled the rear oxygen sensors.

Adjust the rev limiter under Powertrain Limiting. To do that choose all four of the RPM limiter values and change them to 6500. This is a good starting point for a two valve motor.

In the Returnless Fuel folder look at the controls for the various returnless fuel parameters. Since the vehicle is using a 2003 Cobra fuel tank and pumps, it will need adjustments here. The best way to do this is to look at the same values for a
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2003 Cobra. Open and look at an AMZ1 ﬁle and see what those values are. The differences in the 2003 Cobra are:

	ERROR TOLERANCE FOR MID RANGE FAULT #1
	30

	ERROR TOLERANCE TO SET P0191 CODE #1
	12

	FIXED FUEL RAIL PRESSURE #1
	32

	FUEL PUMP CONTROLLER DERIVATIVE GAIN #1
	0

	FUEL PUMP CONTROLLER INTEGRAL GAIN #1
	0.4004

	FUEL PUMP CONTROLLER PROPORTIONAL GAIN #1
	0.0078

	INDICATED RAIL PRESSURE FOR MID RANGE FAULT #1
	0

	MAX FUEL PRESSURE RATE OF CHANGE FOR MID FAULT #1
	511.9844

	TEMP TO DETECT WARM FUEL RAIL TEMP #1
	170

	TIME TO SET FUEL RAIL PRESSURE ERROR #1
	1.375


All of these values  from a 2003 Cobra values should be plugged into the GIZ1 ﬁle.

Functions
In the Fuel Injector folder look at the FUEL INJECTOR COMPENSATION VS BATTERY VOLTAGE parameter. Make small adjustments to this function if there are idle problems.

In the Idle Airﬂow folder there are several functions that control dashpot. These

are adjusted when there are problems transitioning to idle control, such as stalling

or hanging throttle. Remember, this does not control idle itself. Dashpot controls

the transition between ‘on the throttle’ and idle. If the DASHPOT DECAY RATE is increased, it will allow the throttle to close more quickly eliminating hanging. If it is decreased, it will help prevent stalls at stop signs. The dashpot clips and preposition can also be adjusted in the opposite direction that the decay rate is adjusted and it

my work better.
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The next thing to look at is under Mass Air Flow. Select the MASS AIR TABLE.
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This is what will be using to calibrate the mass air meter so that the actual air to fuel ratio accurately reﬂects commanded fueling.
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This column is reference voltage and is never adjusted.


This column is air mass

and is adjusted.

All fuel related tuning will be done here and after the mass air meter is properly

calibrated then change the fueling can be changed using the STABILIZED OPEN LOOP FUEL TABLE.
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In the Open Loop Fuel folder the MIN TP_REL TO FORCE OPEN LOOP controls

at what throttle position (in AD counts) where the processor recognizes that it needs
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to go into open loop, i.e., wide-open throttle mode. Setting these values to about

500 is good for a supercharged vehicle, but if it has a turbocharger or a twin screw supercharger it might be set even lower.
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Moving on to the Returnless Fuel functions in the GIZ1 ﬁle, ﬁrst open up 2003

Cobra ﬁle and copy the values from the Cobra ﬁle to the GIZ1 ﬁle. Listed below are the differences:

AMZ1 File Values
GIZ1 File Values
Cold start Desired Fuel Rail Delta Pressure

AMZ1 File Values
GIZ1 File Values
Injector Breakpoint Compensation
	-40
	41
	-40
	39.7031
	0
	0.538
	0
	0

	-40
	41
	-40
	39.7031
	39.1602
	1
	0
	0

	-40
	41
	-40
	39.7031
	50
	1.0723
	20
	0.707

	-40
	41
	-40
	39.7031
	60
	1.4795
	40
	1

	254
	41
	254
	39.7031
	72
	2
	60
	1.225
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Fuel Boiling Point

127.949
2
127.949
1.225

Injector High Slope Compensation
	-40
	52
	-40
	45
	0
	0.438
	0
	0

	-40
	52
	-40
	45
	39.1602
	1
	0
	0

	-40
	52
	150
	45
	45
	1.0752
	20
	0.707

	-40
	52
	160
	55
	50
	1.1386
	40
	1

	170
	52
	180
	60
	60
	1.2475
	60
	1.225

	190
	62
	200
	70
	127.949
	1.9867
	127.949
	1.225


Fuel Rail Delta Pressure

Injector Low Slope Compensation
0
0.3923
0
0

	0
	39
	0
	40
	0
	0.3923
	0
	0

	0
	39
	0
	40
	30
	0.873
	20
	0.707

	0
	39
	0
	40
	39.1992
	1
	40
	1

	0
	39
	0
	40
	45
	1.0728
	60
	1.225

	0
	39
	0
	40
	127.949
	1.0728
	127.949
	1.225

	0
	39
	0
	40
	
	
	
	

	0.001953
	39
	0.001953
	40
	
	
	
	


Inferred Fuel Rail Temp Multiplier
	0
	0.99
	0
	0.99

	0.05
	0.99
	0.05
	0.99

	0.26
	0.98
	0.26
	0.98

	0.39
	0.91
	0.39
	0.91

	0.65
	0.86
	0.65
	0.86

	0.96
	0.8
	0.96
	0.8

	1.3
	0.75
	1.3
	0.75

	3.999
	0.69
	3.999
	0.69
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Tables
Under Adaptive Fuel open the ADAPTIVE UPDATE RATE/OFFSET table. Change all the values in each cell to 4s. On this particular processor there are negative

values which mean that the processor will make changes to WOT fueling based on idle and part throttle corrections. This is not a good idea for this vehicle.

Borderline Spark Advance is the section where most of the timing changes will be accomplished. Choose BORDERLINE DETONATION SPARK ADVANCE, this is

the table that will be adjusted for operational Spark.

Since this is a blown vehicle, load will go higher than 0.9 (90%). When the ﬁle was

built via the CalWizard was used to select changes for a supercharged application. The CalWizard automatically renormalized the load functions. If the load needed

to be renormalize further so that the top row actually reﬂects the maximum load achieved, then use the toolbar and click on the X Y Normalizer icon and make adjustments to the rows. However, in this case it is not necessary.

This is the table that is used to change timing to optimize performance or reduce timing to eliminate detonation.

If this were a naturally aspirated engine, changes would be made to the top three rows. However, the table would not be renormalized because load would not go up past 100%. Depending on the heads these engines, when naturally aspirated will

like anywhere from 26° to 31° of timing.
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Base Spark Advance is the spark that Ford uses to determine the
maximum brake torque for a stock motor. This table is not adjusted.
[image: image283.png]


70
The Knock Sensor Control folder would be where we would look to adjust all of the knock sensor parameters,
if this vehicle were equipped with knock sensors.

This vehicle is equipped with long tube headers so the oxygen sensors will be a bit further downstream than stock. The bigger problem is the long tube headers will

allow the exhaust gases to cool much more quickly than in a stock system. It can be corrected in the tune. Choose Closed Loop Fuel and then EXHAUST TRANSPORT DELAY. Select the entire table and raise it by 20% - be sure to have the percentage checkbox checked when doing the math. Most of the later model vehicles will learn oxygen sensor transport
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delay, so this is not totally necessary. However, changing this will speed

up the learning process.

Since this vehicle has aftermarket camshafts they may cause problems with idle.

Part of the problem is that the camshaft opening and closing events will be shifted

so that the fuel injector is no longer ﬁring onto a closed intake valve. To cure that, go to Fuel Injector and open up the FUEL INJECTOR DELAY. Choose the bottom

three rows and pick an arbitrary number such as 100 and subtract it from all the
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values in the bottom three rows. This table is set up based on 720° rotation and more often than not subtracting 100 in this area really helps idle.

Target air to fuel ratio should also be adjusted. For most modular engines with forced induction the target air to fuel ratio will be 12:1. However, for higher boost and heavier vehicles it can be anywhere from 11:1 to 12:1, with 11.5:1 being a

good starting point. Click on Open Loop Fuel and then STABILIZED OPEN LOOP FUEL. The target ratios are listed here. Adjust higher RPM, high load ratios. Select the top four rows from 2500 RPMs up and change them to 11.5.

If this were a naturally aspirated motor the higher RPM fueling could be changed to anywhere from about 12.5:1 to 13.1:1 there is no real set rule for this. Part of tuning

is ﬁguring out which ratio makes the best power.

In the Returnless Fuel folder in the tables section, again some changes to the FUEL PUMP MAIN VOLTAGE FOR PID CONTROLLER will need to be made.. The best method for doing that is to open up the 2003 Cobra processor and copy the values from there into the GIZ1 table.

Copy all the values from this ﬁle the AMZ1 Cobra table:
To this ﬁle, the GIZ1 ﬁle
Finally, in the Tip In Spark Advance Folder, adjust the TIP IN SPARK RETARD or eliminate it completely, by changing all the values in this table to zero.

Suppose the vehicle has an automatic transmission. It is necessary to lock the

converter for the dyno and prevent 3-2 downshifts. Go to the functions tab and open up Torque Converter Unlock and then select 3RD GEAR CONVERTER
UNLOCK AT SEA LEVEL and change all of the MPH values to 20. Then go to the Transmission down Shift Schedule folder and select SEA LEVEL 2-1 DOWNSHIFT MPH and change all of the MPH values to 8. Finally go to the SEA LEVEL 3-2
DOWNSHIFT MPH and change all of those in  MPH values to 20. On the dyno allow the transmission to shift into third gear, (be sure to lock out overdrive) and

then nail it at about 25 mph. Remember to change these values back to stock when the tuning has been completed.
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Part 5: Datalogging
There are several options for datalogging. A Predator can be used for basic

datalogging or any stand-alone OBD 2/CAN datalogger. If you own a Dynojet dyno, and have the latest software you can interface some speciﬁc Predator models with

the dyno software, to select PIDs and datalog through the Dynojet software. Contact your dyno representative for more details about these features. Most of the current tuner series Predators will allow on-device datalogging with the ability to upload datalogging data to a computer for later review. Some of the other model Predators will allow pass-through datalogging, which means you can log in real time on the computer through the Predator interface.

If a Mustang tuner series Predator is being used you will have the option of several different preselected sets of datalogging parameter identiﬁcation numbers, which are commonly referred to as PIDs. The available PID groups are: gas acceleration; gas drivability; gas fuel; gas ignition; gas speed control; and gas transmission. Within

these PID groups you’ll ﬁnd necessary basic PIDs used for logging. PIDs that are necessary for logging on a basic level include:

Short term fuel trims – on a vehicle with two oxygen sensors such as a Mustang there will be STF 1 and STF 2. This refers to the trim as measured on each bank. Bank 1 is usually the passenger side, but can be further identiﬁed as the same side on a stock vehicle where the fuel line comes up into the engine compartment. This PID tells what the processor is doing as far as closed loop fuel control is concerned.

It is based on data from the vehicle’s oxygen sensors. The numbers seen will either

be negative or positive. Further, some data loggers will show them as a percentage, and others will show them as they are referenced to 1.0. What this means is that either the datalogger will show a positive or negative percentage which tells that

the processor is either adding or subtracting fuel so that the stoichiometric point

is being maintained. When a datalogger uses a reference to 1.0, this means that

1.0 is the target value. A value lower than 1.0 means that the processor is pulling

fuel, and a value higher than 1.0 means that the processor is adding fuel. If the fuel trim is 0.95 it means that the processor is pulling 5% fuel at that range. Generally, short term fuel trims within 5 - 6% of the target are acceptable and do not need any further adjustments. Sometimes, when an aftermarket mass air meter is being used

or on a highly modiﬁed vehicle, the short term fuel trims will peg in one direction

or the other. In this case, it’s best to have a wide band hooked up to the vehicle so

that there is data to show the direction of correction. The rough mass air meter curve adjustment would be done using a wide band and then the ﬁne tune done with the

fuel trim values. Bank-to-bank the fuel trims should be within about 5% of one another at the same RPM levels. If they are not then there is a problem. Most of

the time the problem is due to an exhaust leak at, or ahead of the oxygen sensor. It

only takes a tiny pinpoint leak to skew the results. Usually, if there are bank-to-bank disagreements at idle that go away, or are reduced as the engine is revved, then it

is more likely it is an exhaust leak. This is because the proportion of oxygen being leaked into the system will get smaller and smaller as exhaust volume increases.
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But, be aware that there are other reasons for bank to bank disagreements. Among them faulty fuel injectors or vacuum leaks. If there are faulty fuel injectors it could mean the possibility of major engine damage when it goes to wide-open throttle, so
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be very careful if there are bank-to-bank disagreements.
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Mass air meter volts or mass air meter AD counts – the mass air meter volt voltage level is required. Some data loggers may give this in AD counts which will need to converted back to voltage. This parameter is important because it gives a reference point on a mass air table where the adjustments are made, so they can be made in

the proper cells. It’s also important to know whether or not the mass air meter is pegging. If on a wide-open throttle run the voltage gets to 5 V then add a MAF.ia.

This parameter can also shows on a blower or a turbocharged vehicle whether or not there is a clean signal. The graph of the mass air meter voltage should be relatively stable. If it has relatively large variations in any point there will be drivability problems.

RPM – this will tell the engine speed and is very important.

Load – since load is used in many important calculations, such as Spark and Fuel. If there are problems with pinging or detonation at a certain throttle position, note the RPM and the load where this occurs and adjust the target cells accordingly.

Spark – there may be a choice of several spark PIDs. A number of them can be logged, as long as total spark advance is being logged as well.

ECT – this tells the coolant temperature of the engine. It’s very critical to log this so the operating temperature range of the engine is known.

ACT or IAT – this shows the intake air charge temperature. Some vehicles such as late-model Lightnings have two intake air charge temperature sensors, in this case the downstream temperatures should be logged.

Optional PIDs
The following PIDs are very helpful and should be used if there is access to them.

Oxygen sensor voltage – this can be very helpful in diagnosing problems, because the oxygen sensors in the vehicle will be switching on and off at around 0.45 V. If one is at 0.45 V or around there, and the other is not then there is a problem.

Idle air control duty cycle – the idle air control valve, when at idle should be somewhere within the center of its range. Look for a value, depending on how the datalogger registers, somewhere at about 40% at idle.

Idle air average – sometimes this is called the idle air integrator. What it does is tell how much air the idle air control valve is adding or subtracting from the base

value in the tune. These values can be thought of as a long-term trim values for idle control. The values are going to be in a positive or a negative conﬁguration.

If there are positive values air should be added to the AIRFLOW MULTIPLIER IN NEUTRAL and/or the AIRFLOW MULTIPLIER IN DRIVE TABLE. For negative values, air should be removed.

Battery voltage – battery voltage is important to know because of the voltage gets

too low it will affect fuel pump operation, ignition, fuel injectors, and the processor operation. If battery voltages is at 12 and lower at wide-open throttle then it’s time

to either replace the battery or replace the alternator, or at least have them checked.



Long term fuel trims: over time the short- term trim values are stored and added to
a table of fuel trends. However, since the tuning will be done with adaptive control off, the long term
fuel trims will not be registering. So
this PID will not be selected. They can be useful for looking at his store historical data after a vehicle has been driven for a while.
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Fuel injector duty cycle – if it gets up to 100% or close to 100%  then larger fuel injectors are required.

Fuel pressure, or fuel pressure drop across the injectors – this tells if the fuel pump

is delivering enough fuel to the injectors. If the target pressure drop is 40, and at wide-open throttle it slowly dropping below 40, there is a problem.

Fuel pump duty cycle – this shows if the fuel pump is maxed out. Once it gets close

to 100% duty cycle or past it, fuel pressure will begin dropping. If it is really close

to this, the processor will compensate by lengthening the fuel injector pulsewidth. Upgrade the fuel pump even if the air to fuel ratio is stable, but the fuel pump duty cycle is maxed out.

Part 6: Idle and Part Throttle Tuning
At this point strap the car onto the dyno, hook up the wideband, connect the datalogger and begin tuning. Allow the vehicle to come up the operating temperature.

Allow the vehicle to idle for a couple of minutes until it is up to operating temperature and in closed loop. Begin logging.

Log for 20-30 seconds or longer at idle, then raise the revs to 1500 and log for 20-30 seconds, then do the same at 2000, 2500 and 3000 RPMs – on a 4 valve vehicle do a free rev at 3500.

Next put the cart in gear allow it to get into 1:1 gear and starting at 2000 RPMs

do the same thing as when free revving the engine. This will put more load on the motor and give more points to adjust. But for this example only the values obtained when free revving the motor will be used.

Check all the logged items, especially noting short term fuel trims. Look to see if the trims are within 4-5% of 1.00, if not, adjustment the MAF curve. Short term

trims should also agree with each other within 4-5% or so. If they disagree, there are mechanical issues. As stated, 90% of the time it is an exhaust leak ahead of the 02 sensor. A TINY leak will cause trims to be off. Other reasons include vacuum leak or other unmetered air leak, faulty 02 sensors or an injector sticking open or not ﬁring

at all or properly. The most dangerous possibility is the injectors. If the trims don’t agree and everything except the injectors check out - either hook two widebands up

to both banks and double check. The best method is to swap injectors bank to bank

to see if the trims follow the injectors. If they do, ﬁnd and replace the faulty injector

or when WOT runs are made, engine damage can occur. Another possibility is a bad ignition component such as a coil pack. Try swapping them bank to bank to see if

the trims follow the swap.

In this example, here are the results obtained:
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	Idle RPM

	Using Basic PIDs

	PID
	Result
	Comment

	Short Term Trim Bank 1
	1.075 or 7.5%
	Short term trims are showing that the processor is adding fuel - about 7%. Remove 7% fuel at the logged MAF voltage level.

	Short Term Trim Bank 2
	1.077 or 7.7%
	Short term trims will continually toggle, so estimate the midrange of the toggle point.

	RPM
	900
	

	MAF Volts
	0.79
	MAF voltage level where for adjustments.

	Load
	0.155 or 15%
	Load is 15%, which is great. Load can be 12-20+

percent. If the MAF curve is WAY off, load will be off. Don’t scale displacement to ‘ﬁx’ load at idle. Instead, get the MAF curve right and look at load again. If it is still off

- don’t worry about it if everything is mechanically sound and the displacement is correct.

	Spark
	19.5
	Spark is OK also, looks like the PCM is controlling idle fairly well and using spark to help with that. If there were idle problems, try to lower spark at idle a bit.

	ECT
	180
	Engine temp is ﬁne.

	ACT
	84
	Air coming into the engine is cool.

	Using Advanced PIDs

	Oxygen sensor voltage
	0.46/0.47
	These will actually be two separate PIDs – one for each bank. But here they are switching around 0.45 which is normal.

	Idle air valve duty cycle
	0.535
	Idle air valve duty cycle is a little high, but it is acceptable. If it weren’t either reset the throttle stop screw if it had been turned or if it’s an aftermarket TB add/subtract ISC Idle air.

	Idle air average
	-0.061
	Idle air average is ﬁne - pretty close to zero - if it wasn’t add or subtract AIRFLOW MULTIPLIER IN NEUTRAL and/or the AIRFLOW MULTIPLIER IN DRIVE TABLE.

	Battery voltage
	13.6
	This is normal

	Fuel Pressure
	40.3
	This is normal

	Fuel pump duty cycle
	28%
	This is normal
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	1500 RPMs

	Using Basic PIDs

	PID
	Result
	Comment

	Short Term Trim Bank 1
	0.917 or -8%
	Trims have swung the other way, which is not uncommon - they are around 0.91 -  add 8-9% fuel.

	Short Term Trim Bank 2
	0.912 or -9%
	Trims have swung the other way, which is not uncommon - they are around 0.91 - add 8-9% fuel.

	RPM
	1500
	

	MAF Volts
	0.95
	

	Load
	0.44 or 44%
	This is normal

	Spark
	21
	This is normal

	ECT
	187
	This is normal

	ACT
	91
	This is normal

	Using Advanced PIDs

	Oxygen sensor voltage
	0.46/0.47
	This is normal

	Battery voltage
	13.4
	This is normal

	Fuel Pressure
	40.6
	This is normal

	Fuel pump duty cycle
	30%
	This is normal


	2000 RPMs

	Using Basic PIDs

	PID
	Result
	Comment

	Short Term Trim Bank 1
	0.907 or -9%
	Trims have changed slightly: 0.91

	Short Term Trim Bank 2
	0.902 or -9%
	

	RPM
	2000
	

	MAF Volts
	1.4
	

	Load
	0.46 or 46%
	This is normal

	Spark
	21
	This is normal

	ECT
	193
	This is normal

	ACT
	97
	This is normal

	Using Advanced PIDs

	Oxygen sensor voltage
	0.46/0.47
	This is normal

	Battery voltage
	13.3
	This is normal

	Fuel Pressure
	40.8
	This is normal
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Name: mark.011

Title: 3rd gear run

Run Date and Time: 4/4/2003 7:15:48 PM

Acceleration from 3200 to 6000RPM, interval = 100.00RPM

Absolute barometric pressure : 28.57 inHg.
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Intake air temperature : 63.5°F

Gear Ratio : 44.50 RPM/MPH
Correction Factor : 1.04STD

TIME RPM POWER TORQUE AIR/FUE
0.00 3200 123.8 203.2 14.9
0.51 3300 122.1 194.3 149
1.04 3400 136.0 210.1 14.9
136 3500 2219 333.0 149
1.66 3600 219.1 319.7 13.1

196 3700 240.5 3414 124
225 3800 2513 347.3 123
2.53 3900 2599 350.0 122

2.82 4000 265.0 3479 12.1
3.11 4100 2745 3517 12.1

339 4200 2795 3495 12.2
3.68 4300 287.6 3513 121
3.96 4400 2955 352.8 122
4.24 4500 3022 3527 122
4.53 4600 308.0 351.6 122
4.81 4700 313.8 350.7 122
5.10 4800 3182 348.1 12.2
539 4900 3249 3482 12.1
5.68 5000 3283 3449 12.1
597 5100 3323 3422 12.2
6.27 5200 334.6 3379 122
6.57 5300 3352 332.1 122
6.87 5400 334.6 3254 12.1
7.19 5500 332.8 317.8 12.1

7.51 5600 3322 311.6 121
7.84 5700 3303 304.4 120
8.17 5800 328.7 297.7 12.0
852 5900 3263 290.4 12.0
8.87 6000 3232 2829 12.0

Column Max

3352 352.8 14.9
Column Min
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Column Average
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Fuel pump duty cycle
31%
This is normal

	2500 RPMs

	Using Basic PIDs

	PID
	Result
	Comment

	Short Term Trim Bank 1
	0.946 or -9.5%
	Trims have changed slightly: 0.93

	Short Term Trim Bank 2
	0.928 or -9.3%
	

	RPM
	2500
	

	MAF Volts
	1.7
	

	Load
	0.48 or 48%
	This is normal

	Spark
	31
	This is normal

	ECT
	197
	This is normal

	ACT
	102
	This is normal

	Using Advanced PIDs

	Oxygen sensor voltage
	0.46/0.47
	This is normal

	Battery voltage
	13.3
	This is normal

	Fuel Pressure
	41.8
	This is normal

	Fuel pump duty cycle
	30%
	This is normal


	3000 RPMs

	Using Basic PIDs

	PID
	Result
	Comment

	Short Term Trim Bank 1
	0.935 or -9.4%
	Trims have changed slightly again: 0.91

	Short Term Trim Bank 2
	0.896 or -9%
	

	RPM
	3000
	

	MAF Volts
	2.2
	

	Load
	0.7 or 70%
	This is normal

	Spark
	34.2
	This is normal

	ECT
	201
	This is normal

	ACT
	108
	This is normal

	Using Advanced PIDs

	Oxygen sensor voltage
	0.46/0.47
	This is normal

	Battery voltage
	13.4
	This is normal

	Fuel Pressure
	41
	This is normal

	Fuel pump duty cycle
	36%
	This is normal
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Do exactly the same thing with the vehicle in 1:1 gear and note all the trim/MAF

volt values and then make adjustments. Only the changes made based on the free rev portion will be outlined here.
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Here is a summary of the changes to be made:

	Idle

	Short Term Trim
	1.077 or 7.7%

	MAF Volts
	0.79

	1500 RPMs

	Short Term Trim
	0.912 or -9%

	MAF Volts
	0.95

	2000 RPMs

	Short Term Trim
	0.907 or -9%

	MAF Volts
	1.4

	2500 RPMs

	Short Term Trim
	0.946 or -9.5%

	MAF Volts
	1.7

	3000 RPMs

	Short Term Trim
	0.935 or -9.4%

	MAF Volts
	2.2


Using this data make changes to the tune.
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In CMR go to Functions and opened the MASS
AIR TABLE. The ﬁrst change occurs at 0.79 volts, so all of the pound/minute values that correspond to 0 volts all the way down to the value that corresponds to 0.73 V will be changed.
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Enter 7.7 in the math box,

make sure the percentage box is checked and click on the’+’ sign.
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The next correction is going to be at 0.95 V and in this case is only one value. The value that

corresponds to 0.85 V. This change is a -9%, enter

9 into the math box but this time click on the ‘-‘

sign to lower the value.
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The next change is at 1.4 V. Highlight the cells in the pound/minute column that correspond

to 0.97 V all the way up to 1.26 V. Remember, make adjustments at a lower voltage than logged without going over the voltage. This is again -9% so enter 9 and click on the ‘-‘.
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The next correction is going to occur at 1.7 V.

The values corresponding to 1.4 V and 1.5 V are highlighted this time 9.5% is subtracted from those cells.
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Finally the last correction is at 2.2 V. There are two ways this can be done. First make this ﬁnal correction all the way down 4.9 V assuming the mass air meter has a linear output. Or make the change all the way to 2.8 V. This is done because

most of the wide-open throttle readings will

be at 3 V and above. The most important thing is that there must not be gaps in the mass air

table, which would result in lean or rich spikes. Normally, a good rule of thumb is if the last correction is adding fuel then it’s okay to make the correction all the way down to the highest voltage, but if it is pulling fuel, only make the correction to just under 3 V. This will lessen

the chance that the engine will go lean when

wide-open throttle tuning. In this case, make the last correction from the pound/minute cell that corresponds to 1.7 V all the way to the 2.8 V level. This correction is -9.4.
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In these examples the tune is ‘nailed’ ﬁrst time, every time. This rarely happens - you must be patient and keep at it until all is perfect. In reality it often takes several of these tuning sessions to get everything perfect.
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Apply any corrections that were obtained while the vehicle was in gear on the dyno,
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as well.

Now that all the corrections have been made, it’s time to do so more logging to see

if it made a difference. Be sure to save the ﬁle and then transfer the tune into the

chip or the Predator. Follow the same identical procedure that was followed initially. Allow the engine to idle for a few minutes be sure it’s out of cold start mode, and

begin logging. Check it again at the same RPM levels, free revving the motor and with the vehicle in gear on the dyno. If the short-term trend values are within 5% of where they should be this portion of the tune has been completed.

Remember, when looking at the data, the fuel trims will be changing very fast.

They’re not static numbers as seen in this book. Try to establish an average between the highest and the lowest value. For example, if the trim number is quickly

changing between 0.95 and 0.99, make the correction factor based on a static trim

of 0.97 or so. The trims from bank-to-bank will be different from each other. As

long as they are within 5 to 6% of one another they should be ﬁne. If the fuel trims seem to be stuck either in the middle or at the extreme ends of each range, chances are that the calibration in the mass air table is way off. In this case force open loop operation all of the time and target 14.64 air/fuel with the wideband. Once they are close then re enable closed loop and tune with the trims.

Part 7: Wide Open Throttle Tuning
Assuming that the trims are all in line and all of the other values are ﬁne, wide-open throttle tuning can commence. It is recommended that a dyno be used for this, but it can be done on the street as long as all trafﬁc rules are obeyed and there is a separate driver for the vehicle. It’s always a great idea to check the tune on the street, because the street or the track will load the vehicle differently, this is especially crucial for turbocharged vehicles.

Assuming the vehicle is already strapped down and up to operating temperature begin the run. Be sure all dyno hookups have been completed, the wideband is operational in the datalogging equipment is attached and generating data. Before beginning the pull, be sure that the data shows that the vehicle is in closed loop operation.

Start the pull at a low RPM in a 1:1 gear ratio, but on some really low horsepower vehicles it may be necessary to do the pull in second gear. Choose an RPM limit

for the pull that will be safe for the engine combination. If any point on a blower or turbocharged vehicle the air to fuel ratio is 12.4 or above, abort the run and make changes in the tune. For naturally aspirated vehicles abort the run if the air to fuel

ratio is 13.5 or above. Be sure to allow time for the vehicle to transition from closed loop to open loop. This should be a rather short time.
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On this particular run when the vehicle transitioned into open loop the mass air

meter voltage was about 2.5 and at the end of the run it was 4.23. The entire range could have been adjusted. But because of the slightly less rich condition from 2.5

- 3 .5 V adjustments will be made from 3.6 V all the way down to the bottom of

the function. Notice on the graph that there is a small lean spot early on in the run.

If this corresponds to how the stabilized open loop in fuel table is set then it is acceptable. In this case it is close enough and it will not hurt anything. This vehicle doesn’t make full boost until somewhere after 3500 RPMs.

The air to fuel ratio does swing rather quickly into open loop can be seen from the graph. The air to fuel ratio is a little rich at 10.9 so that will have to be adjusted.

The mass air meter is peaking at about 4.23 V which means the MAF.ia is doing its job. This vehicle may work without it, but adjusting fueling and spark will pick up power, so the extra headroom is good to have.
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Now to look at the datalog:

	Intake Air Temperature
	116.0

	Load
	125%

	Mass Air Meter Voltage
	4.25

	Rpm
	5625

	Spark
	11°

	Fuel Pump Duty Cycle
	75%

	Fuel Pressure
	41


The intake air temperature looks really good, load is a little over expected and spark

is really low. Remember that when the tune was set up initially 4 degrees of spark was removed globally. When it is added back in it should be ﬁne. The Cobra fuel

system appears to be doing its job. It is almost guaranteed that if this vehicle had its stock fuel system the fuel pump duty cycle would be at 100% and the fuel pressure would be dropping severely.

Now make changes to the mass air table to correct for the rich condition.

On this run when it went into open loop, the mass air voltage started out at about 2.5

V and at the end of the run it was 4.23 V.

Make the adjustments from 3.6 V and down to the maximum values. Since it was slightly less rich from 2.5 V to 3.5 V that area will not be touched. However, there may some power to found if it were to be adjusted.

Calculate a correction factor for this change: Step 1 – Figure Raw Correction Factor

Step 1: 10.9/11.6 = 0.94

Step 2 – Figure Raw Percent Correction

Step 2: 1 – 0.94 = 0.06

Step 3  - Convert Raw Percent to Finished Percent

Step 3: 0.06 = 6%

The value below 3.6 is 3.46 so use that as a reference point and make corrections from there all the way up to the reference point of 15.99.

Do another dyno pull and recheck.

In this example the corrections worked pretty well, the actual air to fuel ratio is

11.5:1.
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Now that the fueling is correct, start adding timing back in. Initially 4 degrees of spark were globally subtracted so this can go back in. Start by adding it back in

2° increments. If it were still picking up power and there were no detonation, then go to the borderline spark table and add spark a little at a time. Even if the motor does not detonate but it is not picking up any more power, back the timing down. Oversparking is something to avoid.

It’s always a great idea when ﬁnished, to take a vehicle out in the street and drive it. That way any drivability issues can be corrected.  At this point turn adaptive control back on by changing the adaptive value that was modiﬁed at the beginning of this section to stock. If it’s an automatic transmission equipped vehicle be sure to set the transmission values back to where they were. Be sure to save the ﬁle and re-burn

the chip or loaded into the Predator.
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CHAPTER VI
Chapter VI: Tuning a General Motors Vehicle
This chapter will outline what you need to do in order to properly tune most

General Motors vehicles. It will outline setting up the ﬁle datalogging and

tuning. If you have read the previous chapters you will already have a good basic understanding of tuning. GM vehicles are very similar to Ford vehicles when it

comes to tuning however there are some differences that will be covered within this chapter.

Part 1: Setting Up the File
The vehicle in this example will be an LS-1 naturally aspirated vehicle. This vehicle will be a pretty generic example of what most tuners will see. It does not have electronic throttle control like the later vehicles. However the basics will remain the same. The ﬁrst thing to note is that for most of the GM vehicles within the software there will only be scalars and tables, but not functions. The other thing to remember
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is that currently the CalWizard is only available for Fords.

If the vehicle has a manual transmission and is equipped with Computer Aided Gear Selection (CAGS) and you wish to do away with the 1-4 skip shift, set the ENABLE CAGS LOGIC to zero and set the SKIP SHIFT ENABLE SPEED to 215.
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Open the Catalytic Converter folder and set the CONVERTER HIGH TEMP, CONVERTER LOW TEMP, and CONVERTER MEDIUM TEMP all to 1200 this will disable catalytic over temperature protection mode. This function should only 
be used for high flow cat or non-catted vehicles. 
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In the Cylinder Charge Temperature folder disable the CYLINDER CHARGE TEMP MODEL ENABLE by setting it to zero if you have relocated the IAT sensor from its stock location.
If the vehicle is off- road and EGR has been eliminated you need to open the EGR
folder and set the EGR STRATEGY to 0.

Under a Cylinder Displacement change the value if there is a different cubic inch engine than originally came with the vehicle. The best way to do this is to scale the number. For example: going from a stock motor to a 427 inch motor, divide 427

by 350 and get 1.22. Multiply the 1.22 by the DISPLACEMENT PER CYLINDER
which in this case is 0.708191 which changes it to 1.0540714.
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The Fan Control folder contains the settings that will allow you to reduce the fan trigger temperatures to allow for better cooling. A good rule of thumb is to lower the fan on/off trigger temperatures by about 15°.
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The Long Term Fuel Trim folder contains the LFT CORRECTION ENABLE scalar which when set to zero disables long term trims for tuning. Set this to zero for tuning.
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The RPM Limits folder contains settings for the rev limiter.

In the Spark Knock Calibration folder are the settings for the knock sensors.

In Shift Points MPH there are the values for changing shift points for automatic transmission vehicles based on mile per hour.

In Shift Points RPM are the values for selecting wide open throttle shift points for automatic transmission equipped vehicles.

In the Shift Speed folder is the %TPS WOT SHIFT DISABLED function and the

%TPS WOT SHIFT ENABLED FUNCTION which tells of the throttle position that designates when the transmission recognizes the engine is at wide-open throttle.
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Disable the knock sensors by raising both the KNOCK RETARD LOWER RPM
LIMIT and the KNOCK RETARD UPPER RPM LIMIT to a value that is higher than the maximum usage RPM. However, on most naturally aspirated vehicles you leave this alone, as the knock sensors work fairly well. If the vehicle is equipped with a blower there may be too much mechanical noise and you will get false knock and in this case you can either disable or adjust the values.
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Open the Torque folder and change the MAX TORQUE to 639. This will allow the

PCM to compute the proper values where torque is used.
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On Corvettes with non-stock gears to get proper speed sensor readings open the

Trans folder and scale the PULSES PER REVOLUTION. Divide the new gear ratio by the old gear ratio and multiply the result times the PULSES PER REVOLUTION
value.

Disable abuse mode in automatic transmission equipped vehicles, by opening
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the Transmission Torque Reduction folder, and setting the ABUSE MODE TEST ENABLE RPM to 8000.



Under Speed Limit, adjust the maximum mile per hour of the vehicle either with
or without electronic throttle control.
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In the VATS folder theft mode can be disabled if needed.

The Wheel and Tire Size folder contains the pulses per mile scalar. If you have changed gears in any F-body, truck, SUV, or GTO you will need to scale the PULSES PER MILE. To do this divide the new gear ratio by the old gear ratio and multiply the results by pulses PER MILE VALUE.

In the X_OBDII SES CODES folder are many different switches that correspond to OBD 2 trouble codes. If you’re having problems with a certain trouble code because you have changed something from stock, you can disable it here. In this section you will most often shut off codes for missing rear oxygen sensors. The parameters will be listed as bank 1 sensor 2 and bank 2 sensor 2. You can also shut off misﬁre codes here for cammed cars. Normally you will only need to disable in lower rpms to do that set, Misfire idle cyl mode, misfire low cyl mode and misfire low rev mode to 32767. This way you still have misfire monitoring in mid-high rpm range.
Tables
The ﬁrst of several folders have to do with automatic transmissions. Speciﬁcally, controlled down shift, application of torque converter clutch, and actual shift points. These values are for part throttle, but will also have an effect at wide-open throttle. One thing to be concerned with when setting transmission functions is to be sure

that any up shift/down shift curves do not cross. Likewise, torque converter clutch application and release MPH graphs do not cross. If they do, a rapid oscillation or other bad things will occur. If corrections are made in any of these tables do so a little at a time and try to sneak up on the target value. If there is strange shifting

patterns, copy the upshift/downshift values to a spreadsheet and graph them together

- be sure the graph lines do not cross for the same gear.

Open the Airﬂow Calibration folder and open up MAIN VOLUMETRIC EFFICIENCY. This table uses a complex grid taken from MAP sensor data vs.
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RPM. This entire range  of the table will not be used on most vehicles. Datalogging will tell exactly which cell or group of cells need to be changed.
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The next folder is Fuel Calibration. Look at the PE MODIFIER VS RPM AIR/ FUEL, this is the equivalent to the base fuel table in a Ford. Directly beneath it is

the PE MODIFIER VS RPM EQ RATIO which is essentially the same table except

it is expressed in EQ ratio. Adjusting one table also adjusts the other table. Since the vehicle is naturally aspirated notice that the fueling is rather rich at higher RPMs.

LS-1 vehicles when naturally aspirated seem to like the air to fuel ratio is about

12.9. However, this is something that needs to be tested on the dyno and be sure you’re not getting detonation. In this case change all of the values from 3600 RPMs up to 7200 RPM’s to 12 .5. This is just going to be a starting point for making best power. After making the changes look at the table directly below it and see that it

has been changed also.
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The injector calibration folder contains the injector values that need to be changed if going to larger size injectors. Ratio the original injector size versus the new injector size and apply the correction factor to the INJECTOR OR FLOW RATE VS KPA TABLE.

In the long term fuel trim the folder is the LFT RPM BOUNDARY PARAMETER. Use this parameter to prevent PCM learning at higher RPMs.



In the Idle Calibration folder are the tables that will be used to adjust idle speed. They contain the settings
for neutral, drive, with air-conditioning on
and air-conditioning off. They are based on engine coolant temperature versus RPM.
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The rev limiter function is in the RPM limits folder. Use the tables within this folder to adjust the rev limiter.
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The MAF Sensor folder contains the MASS AIR TABLE  which is very similar

to what Ford uses. The main difference is that instead of volts in the left-hand column it uses frequency in hertz. What this means is that when tuning a vehicle, datalogging capabilities must be available to log the frequency of the mass airﬂow sensor.

The folders for automatic transmissions are next, one of which is the Shift Adaptation where some of the shift timers are located. These will shorten or lengthen the delay in shifting based on torque. The Shift Pressure folder which

contains parameters for increasing line pressure within the transmission is here also.

In most cases the shift pressure can be increased to ﬁrm-up shifts.

The Spark Calibration folder contains all of the spark functions that the PCM will use. For this vehicle ﬁrst select the SPARK TABLE (HIGH OCTANE) and highlight

every cell in the table and under the edit menu select Copy, or press Control-C. Then select the SPARK TABLE (LOW OCTANE) table and again highlight every cell in the table and then paste the contents of the SPARK TABLE (HIGH OCTANE) into it. To paste you can either use the edit menu or press Control-V. Most NA LS-1 vehicles
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will like anywhere from 26° to 29° of spark. The low octane table will rarely be used
even still it is common practice to have both tables reflect changes made.
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Part 2: Getting Ready to Tune
There are two schools of thought in General Motors tuning. One of the schools proposes to do all tuning in the main VOLUMETRIC EFFICIENCY TABLE. The other uses the MASS AIR TRANSFER FUNCTION for all tuning just as would be done for a Ford. Many tuners often completely eliminate the mass air meter and

switch the vehicle to a speed density mode, tuning strictly from the VOLUMETRIC EFFICIENCY TABLE. While this can be done successfully, and sometimes is the

only answer on a high horsepower vehicle when the mass air meter uses its entire range, in most cases it is much better off keeping the mass air meter. If speed density tuning mode is chosen, determine if the vehicle uses an intake charge

temperature sensor that is built into the mass air meter. If it does, obtain a separate sensor for air temperature, and install it into an intake tube.

What is discussed in this chapter is using a combination of adjusting the VOLUMETRIC EFFICIENCY TABLE and the MAF TRANSFER FUNCTION together. This chapter will use the VOLUMETRIC EFFICIENCY TABLE in closed loop and the MAF TRANSFER FUNCTION at wide-open throttle to adjust to the target air to fuel ratio.

Part 3: Datalogging
Just like with Fords there are a couple of options for datalogging. A Predator can

be used for basic datalogging or any stand-alone data logger. If you own a Dynojet dyno, and have the latest software you can interface some speciﬁc Predator models with the dyno software, to actually select PIDs and datalogging through the Dynojet software. Contact your dyno representative for more details about these features.

PIDs that are necessary for logging include:

Short term fuel trims – on a vehicle with two oxygen sensors such as a Z-28 there will be STF 1 and STF 2. This refers to the trim as measured on each bank. It is based on data from the vehicle’s oxygen sensors. The numbers seen will either be negative or positive. Further, some data loggers will show them as a percentage,

and others will show them as they are referenced to 1.0. What this means is that either the datalogger will show a positive or negative percentage which tells that

the processor is either adding or subtracting fuel so that the stoichiometric point is being maintained. When a datalogger uses a reference to 1.0, this means that 1.0 is the target value. A value lower than 1.0 means that the processor is pulling fuel, and

a value higher than 1.0 means that the processor is adding fuel. If the fuel trim is

0.95 it means that the processor is pulling 5% fuel at that range. Bank-to-bank the

fuel trims should be within about 5% of one another at the same RPM levels. If they are not then there is a problem. Most of the time the problem is due to an exhaust
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leak at, or ahead of the oxygen sensor. It only takes a tiny pinpoint leak to skew the results. Usually, if there are bank-to-bank disagreements at idle that go away, or are reduced as the engine is revved, then it is more likely it is an exhaust leak. This is because the proportion of oxygen being leaked into the system will get smaller and smaller as exhaust volume increases. But, be aware that there are other reasons for bank to bank disagreements. Among them faulty fuel injectors or vacuum leaks. If there are faulty fuel injectors it could mean the possibility of major engine damage

when it goes to wide-open throttle, so be very careful if there are bank-to-bank
91
disagreements.
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Long term fuel trims: over time the short-term trim values are stored and added to a table of fuel trends. However, since adaptive control will be off, the long
term fuel trims will not be registering. So this PID will not be selected. They can be useful for looking at
stored historical data after a vehicle has been driven for a while.
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Sometimes, when an aftermarket mass air meter is being used or on a highly modiﬁed car the short term fuel trims will peg in one direction or the other. In this

case it’s best to have a wide band hooked up to the vehicle so the rough correction is known. Perform the VE table adjustment with a wide band and then ﬁne tune it with these fuel trim values.

Mass air frequency – This parameter is important because it gives you a reference point on a mass air table so that adjustments can be made in the proper cells.

Map Sensor - when tuning the MAIN VOLUMETRIC EFFICIENCY table, this data will be needed. Along with RPM you can target groups of cells for adjustment.

RPM – this will give the engine speed.

Load – since load is used in many important calculations, such as Spark and Fuel this must be logged. If there is a problem with pinging or detonation at a certain throttle position, you can note the RPM and the load where this occurs and adjust the target cells accordingly.

Spark – This will tell you the total spark advance after it has been changed by all of the various spark modiﬁers. Log additional PIDs as needed.

ECT – this shows the coolant temperature of the engine. It’s very critical to log this

PID so that the operating temperature range of the engine is known.

ACT or IAT – this shows the intake air charge temperature. Optional PIDs

The following PIDs are very helpful and should be used if you have access to them.

Oxygen sensor voltage – this can be very helpful in diagnosing problems, because you know that the oxygen sensors in the vehicle will be switching on and off at around 0.45 V, so if one is at 0.45 V or around there, and the other is not then you know you have a problem.

Idle air control duty cycle – the idle air control valve at idle should be somewhere within the center of its range. Look for a value, depending on how the datalogger registers, somewhere at about 40% at idle.

Battery voltage – battery voltage is important to know because of the voltage gets

too low it will affect fuel pump operation, ignition, fuel injectors, and the processor operation. If you battery voltages at 12 and lower at wide-open throttle it’s time to either replace the battery or replace the alternator, or at least have them checked.

Fuel injector duty cycle – if it gets up to 100% or close to 100% larger injectors are needed.
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Fuel pressure – this tells if the fuel pump is delivering enough fuel to the injectors.

If the target pressure drop is 43, and at wide-open throttle it slowly dropping below

43, you know there is a problem.

Fuel pump duty cycle – this shows the fuel pump is maxed out. Once it get close

to 100% duty cycle or past it, fuel pressure will begin dropping. If it is really close

to this the processor will compensate by lengthening the fuel injector pulsewidth. Replace the fuel pump even if the air to fuel ratio is stable, but the fuel pump duty cycle is maxed out.

Part 4 Tuning
This part of the process is almost identical to the procedure used when tuning

a Ford. First, strap the car onto the dyno, hook up the wideband, connect

the datalogger and begin tuning. Allow the vehicle to come up the operating temperature.

Allow the vehicle to idle for a couple of minutes until it is up to operating temperature and in closed loop. Begin logging.

Log for 20-30 seconds or longer at idle, then raise the revs to 1500 and log for 20-

30 seconds, then do the same at 2000, 2500 and 3000 RPMs.

Next put the car in gear allow it to get into 1:1 gear and starting at 2000 RPMs. Do the same thing that as when free revving the engine. This will put more load on the motor and give more points to adjust. But for this example the only values used will

be from free revving the motor.

All the logged items will be reviewed, especially noting short term fuel trims. The trims should be within 4-5% of 1.00, if not, do adjustments in the VE Table. Short term trims should also agree with each other within 4-5% or so. If they disagree, there are mechanical issues. 90% of the time it is an exhaust leak ahead of the

02 sensor. A TINY leak will cause trims to be off. Other reasons include vacuum leak or other unmetered air leak, faulty 02 sensors or an injector sticking open

or not ﬁring at all or properly. The most dangerous possibility is the injectors. If trims don’t agree and everything except the injectors check out - either hook two widebands up to both banks and double check. The best way is to swap injectors

bank to bank to see if the trims follow the injectors. If they do, ﬁnd and replace the faulty injector or when you go to WOT, you could burn a piston on the bad cylinder. Another possibility is a bad ignition component such as a coil pack. Try swapping them bank to bank to see if the trims follow the swap.
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In this example, these are the results obtained (and remember, this is just an example):

	Idle RPM

	PID
	Result
	Comment

	Short Term Trim Bank 1
	1.075 or

7.5%
	Short term trims are showing that the processor is adding fuel - about 7%.

	Short Term Trim Bank 2
	1.077 or

7.7%
	Short term trims will continually toggle. Find about the midrange toggle point.

	RPM
	900
	

	MAF frequency
	1630
	MAF frequency

	MAP Sensor
	21 Kpa
	MAP sensor data

	Load
	0.155 or

15%
	Load is 15%, which is great. Load can be 12-20+

percent.

	Spark
	19.5
	Spark is OK also.

	ECT
	180
	Engine temp is ﬁne.

	Oxygen sensor voltage
	0.46/0.47
	These will actually be two separate PIDs – one for each bank. But here they are switching around 0.45 which is normal.

	Idle air valve position
	0.535
	Idle air valve position is a little high, but idle is a little high too, but it is acceptable. If it wasn’t we’d either drill a larger hole in the TB blade or if it’s an aftermarket TB add/subtract ISC Idle air.

	Battery voltage
	13.6
	This is normal

	Fuel Pressure
	43.7
	This is normal

	Fuel pump duty cycle
	28%
	This is normal
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	1500 RPMs

	Using Basic PIDs

	PID
	Result
	Comment

	Short Term Trim Bank 1
	0.917 or -8%
	Trims have swung the other way, which is not uncommon - they are around 0.91 - add 8-9% fuel.

	Short Term Trim Bank 2
	0.912 or -9%
	

	RPM
	1500
	

	MAP Sensor
	32
	

	MAF frequency
	1780
	

	Load
	0.44 or 44%
	This is normal

	Spark
	21
	This is normal

	ECT
	187
	This is normal

	Oxygen sensor voltage
	0.46/0.47
	This is normal

	Battery voltage
	13.4
	This is normal

	Fuel Pressure
	43.6
	This is normal

	Fuel pump duty cycle
	30%
	This is normal
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	2500 RPMs

	PID
	Result
	Comment

	Short Term Trim Bank 1
	0.946 or -9.5%
	Trims have changed slightly: 0.93

	Short Term Trim Bank 2
	0.928 or -9.3%
	

	RPM
	2500
	

	MAP
	51
	

	MAF Frequency
	2275
	.

	Load
	0.48 or 48%
	This is normal

	Spark
	31
	This is normal

	ACT
	102
	This is normal

	Oxygen sensor voltage
	0.46/0.47
	This is normal

	Battery voltage
	13.3
	This is normal

	Fuel Pressure
	43.4
	This is normal

	Fuel pump duty cycle
	30%
	This is normal


	3000 RPMs

	PID
	Result
	Comment

	Short Term Trim Bank 1
	0.935 or -9.4%
	Trims have changed slightly: 0.91

	Short Term Trim Bank 2
	0.896 or -9%
	

	RPM
	3000
	

	MAP
	60
	

	MAF Frequency
	2505
	

	Load
	0.7 or 70%
	This is normal

	Spark
	34.2
	This is normal

	ECT
	201
	This is normal

	ACT
	108
	This is normal

	Oxygen sensor voltage
	0.46/0.47
	This is normal

	Battery voltage
	13.4
	This is normal

	Fuel Pressure
	41
	This is normal

	Fuel pump duty cycle
	36%
	This is normal
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Do exactly the same thing with the vehicle in 1:1 gear and note all the trim/MAF

volt values and then make adjustments. This example will only show changes made based on the free rev portion.
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Here is a summary of the changes to be made:

	Idle

	Short Term Trim
	1.077 or 7.7%

	MAP
	21

	RPM
	900

	1500 RPMs

	Short Term Trim
	0.912 or -9%

	MAP
	32

	RPM
	1500

	2000 RPMs

	Short Term Trim
	0.907 or -9%

	MAP
	45

	RPM
	2100

	2500 RPMs

	Short Term Trim
	0.946 or -9.5%

	MAP
	51

	RPM
	2275

	3000 RPMs

	Short Term Trim
	0.935 or -9.4%

	MAP
	60

	RPM
	3000


Using this data begin making changes to the tune.
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In CMR go to tables and open up the MAIN VOLUMETRIC EFFICIENCY table.

The ﬁrst change occurs at 900 RPMs at a MAP value of 21. Notice in this table that the exact RPM may not be shown on the table, likewise the exact map value may

not be shown on the table. What has to be done is to make changes as close to those values as possible, and it often means changing a range of values in this table. So for this ﬁrst correction highlight the cells corresponding to 800 RPMs and 20 KPa and

then also choose all the value to 25 KPa. Do not want to overlap the next correction area. Since the fuel trim is +7.7% fuel pull 7.7% fuel from these areas. To do that, enter 7.7 into the math box, making sure the percentage box is checked, then click

on the minus icon. Notice the changes made within the table, the values are now highlighted in pink  indicating a value of more than stock.

[image: image85.png]| 400RPM] SODRPM[ 1200RPM

08 118 128
115 12 14
iz 125 148

T e T




For the next correction, look at the area around 1500 RPMs and around 32 KPa. In this case, choose the cells under 1200 rpm and 1600 rpm from 30 KPa down to 35

KPa. At this level the fuel trim is -9% fuel so add 9% fuel. Enter 9 into the math box and click on the plus icon. The changes in the cells will be changed and highlighted
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in blue.

The next correction occurs at 2000 RPMs and 45 KPa. From 35 KPa down to 45

KPa, add 9% in these areas using the math function.

[image: image86.png]gisec|  400RPM| B00RPM| 1200RPM| 1600RPM| 2000 RPM| 2400 RPM|
15 Kpa) 108 118 128 132 132 135
20 Kpa| 115 12 192 188 148 162
25 Kpa| 12 128 148 155 [ 7
30 Kpa| 126 143 169 178 162 177
35 Kpa| 13 147 173 182 182 s
40 Kpa| 13¢ 151 162 169 128 181
45 Kpa| 138 155 164 171 191 184
50 Kpal 142 158 166 173 179 188





[image: image360.png]®'Hardware Switches (Enable Evap Diagnostics)

Enable Evap Disgnostics
Enable Linear EGR.

Enable Linear Purge

Enable MDS

Enable MTV Solenold

Enable NLVD.

Enable 02 Heater 1-1

Enable 02 Heater 1-2.

Enable 02 Heater 1-3

Enable 02 Heater 2-1

Enable 02 Heater 2.2

Enable Overdrive Lockout Lamp
Enable PCY Solenoid

Enabie Secondary i Pump
Enabe Secondary Al Shutoff
Enable SRV Solenoid

Enable TCC Solenal!

Enable Transmission Fan Relay
It Hardware Config 0

It Hardware Confiy 1 525
It Hardware Config 2 140
It Hardware Config 3 23

\Vehicle Systems Config agat1



98
[image: image361.png]o
S sam] ] veaon] eeeer] 2| seem] wmeeol] rmem| weom] wawmon] awsenn] samne] sewm] seeen

0 EE e e D ] a5 s s T 2 e © S S
wom|aes a0s da s e & asaos a a4 a2 El 5 55 55

w000 a2 s aesaes 4 a0 0 i i a2 gl a 7 5 5

000 a a6 assass s as E as £ a a5 a5 e as as

700 4 s a5 s i E s as a as 75 7 55 as as

w50 i Er £ £ s F as E 75 7 s 25 25

w000 £ a6 s £ s 4 4 E £ 55 5 as as as

- =0 s a2 s s 4 2 2 55 e 55 E as 4 4
H EI 55 o5 E as 4 i o 2 2s E a5 as o '
& 50 5 F 55 s 4s i s 25 i os 05 2 25 a5 a5
w000 s a5 25 2 B s . s 3 05 . . o5 75 a5

550 s 35 25 b o 10 2 10 7s os as s 2 n 1

w000 o o5 o 10 W ies s s - W msws s £ El

%0 0 s E sis w s ® wms ms ms ms ES E 2 ©

7000 o = o o = x = = us x ® ms » E £

50 is W ws x x x = « 0 ms = E E E E

500 T i s 2 2 2 2 » s » % % £ % %




At 2500 RPMs the fuel trim is -9.5%, at a MAP row around 51 KPa. So at 2400

rpm starting at about 45 KPa down to about 55 KPa, the math function is used again

to add 9.5%.
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Finally, at 3000 RPMs and a MAP value of 60 KPa make the ﬁnal correction of adding 9.4%. On this particular correction choose cells in the column from 2800 rpm to 3200 rpm, and from the 50 KPa row down to the 65 KPa row. Enter 9.4 in the math box and click on the plus icon.
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Go through this same procedure using the data gathered from when the vehicle is

in gear on the dyno. In this example changes have been made to smaller areas of the MAIN VOLUMETRIC EFFICIENCY table then one might see in real world situations. Wider corrections to the table will have to be made to get good results.

It’s really a good idea to drive the car in various gears on the dyno to try to cover as many cells in this table is possible so that all of the appropriate corrections can be made within the table. Uncorrected parts of the table that will be used by the vehicle may result in lean or rich spikes. Keeping in mind that this is just an example, spend

a lot more time doing the idle and part throttle tuning then is outlined in this demo.

After making the corrections, begin data logging again, and see how it worked. Most likely additional corrections must be made several times before completion. Once it is ﬁnished, and the vehicle is running properly proceed to wide-open

throttle tuning.
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Part 5 WOT Tuning
Just as when a Ford was tuned, it is assumed that all of the fuel trims are in line and the other values now acceptable. This means it is time to start wide-open throttle tuning. It is strongly recommend that a dyno be used for this, but it can be done on

the street as long as all trafﬁc rules are obeyed and there is a separate driver for the vehicle. It’s always a great idea to check the tune on the street, because the street or the track will load the vehicle differently, this is especially crucial for turbocharged vehicles.

Datalog the vehicle during the pull, however it is not necessary to log all the items that were logged for idle and part throttle operation. Log the following:

•
air to fuel ratio (or lambda for alcohol-based fuels)

•
RPM
•
load

•
MAP

•
mass air meter frequency
•
battery voltage

•
intake air temperature

•
injector duty cycle

•
fuel pump duty cycle

•
spark advance
•
knock sensor activity.

The items that are absolutely necessary, in case all are not available minimal list is bolded. However, it is advisable to log all of these listed items as well as any others that might be necessary.

To begin, the vehicle is run up to operating temperature. Have the wideband operating as well as the dyno’s RPM pickup in place. It will be necessary to cross- reference RPM with mass air meter frequency vs. the air to fuel ratio, to make corrections.

Start the pull at a low RPM in a 1:1 gear ratio. On lower horsepower vehicles it may be necessary to do the pull in a lower gear. Pay attention to the RPM redline

and do not exceed it. If at any point with a blower or turbocharged vehicle the air to fuel ratio is 12.4 or above abort the run and make changes to the tune. For naturally aspirated vehicles abort the run if the air to fuel ratio is 13.5 or above. You do have

to allow time for the vehicle to transition from closed loop to open loop, however this should be a rather short time.

When the run is ﬁnished, review the data. Normally a dyno log will give you air to fuel ratio at a number of different RPM levels. Use the dyno printout to cross-reference the RPM vs commanded AFR. Use this data to make changes to the PE VS. RPM table. Which should show you commanded AFR throughout the rpm range. If this is not the case then refer to the MAF TRANSFER FUNCTION, in the same way that changes were made in earlier chapters to the Ford mass air transfer function, except in this case frequency will be used instead of voltage as the reference point. The same theory is used:



 Actual AFR/Commanded= mult. MAF Table.
100
A Typical Dyno Chart

The Air to fuel and HP vs. RPM Printout for the same run
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Some of the things to watch out for include:

•
Be sure the air to fuel ratio reﬂects the commanded air to fuel ratio. If not

make changes to the MAF TRANSFER FUNCTION & MAIN VOLUMETRIC EFFICIENCY TABLE.
•
Load for a naturally aspirated vehicle will get close to 100%. For a SC or turbocharged vehicle, they will exceed 100%.

•
When datalogging, be sure that the mass air meter frequency does not hit the

12,000 Hz limit. Most naturally aspirated vehicles making quite a bit of power will be at around 10,000 Hz, so it will not be an issue. But on supercharged and turbocharged vehicles this can be an issue. Either use the VE table to adjust

the air to fuel ratio after the mass air meter pegs. Or disable the mass air meter altogether and tune the vehicle in speed density mode.

•
Insure that battery voltage is well above 12 V or there will have issues with fuel pump delivery and other electrical controls.

•
Injector duty cycle should be less than 100%, a good target would be 80%. Remember that when a fuel injector is that 100% duty cycle is actually static and open all the time.

•
The fuel pump duty cycle show should be less than 100%, if it is 100% at

any point during the run then correct it with a larger fuel pump or a voltage controller.

•
Spark advance and knock sensor activity should go hand in hand. Whatever

spark is commanded should not result in and knock sensors pulling back timing

to any great degree. Keep increasing spark advance if there is more power without the knock sensors pulling any spark. If the knock sensors are pulling

spark or there is no power gain with added spark then pull spark out of the tune. You want to also make sure to zero-out the PE spark to have a more consistent spark curve while tuning. This will also affect the timing throughout the power curve by AFR. In supercharged or turbocharged vehicles, especially roots type blowers and to twin-screw blowers there may be knock sensor activity that is not related to detonation, it is just a reaction to the blower noise. In these cases adjust the knock sensor activity in the tune, or in some extreme cases, disable the knock sensors. But if this is done, be very wary of adding too much spark. Listen for detonation. If the vehicle has a loud exhaust this may be difﬁcult so it may be necessary to add an electronic knock ampliﬁer or an electronic stethoscope to listen for detonation. Another good clue that detonation is present is if black

or gray puffs of smoke are seen coming out of the exhaust at the higher RPM

levels when the air to fuel ratio is correct. If this happens remove timing.

•
It’s a very good idea to log intake air temperature on any blower or turbocharged vehicle, because when the air charge temperature gets too high detonation can occur

rather easily. It is also good for monitoring how well an intercooler is working.
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At this point, assuming all the corrections to get your commanded air to fuel ratio

at wide-open throttle correct have been made, it’s time to turn the long-term fuel trims back on and load the tune into the Predator and check the tune on the street. By taking the vehicle on the street and driving it you will know if there are any drivability issues so they can be corrected. Be sure to save the ﬁles.

CHAPTER VII
Chapter VII: Tuning DCX 

This chapter will outline what you need to do in order to properly tune most

Daimler Chrysler vehicles. It will outline setting up the ﬁle, datalogging and

tuning. If you have read the previous chapters you will already have a good basic understanding of tuning. DCX vehicles are somewhat similar to GM vehicles when it comes to tuning, however there are some differences that will be covered within this chapter.

DCX vehicles use a system known as speed density meaning that it is primarily reliant on the Manifold pressure sensor for loading algorithms. Instead of the traditional MAF or like the GM with a hybrid MAP/MAF the DCX cars only have MAP sensor. This being said we are going take and in-depth look at speed DCX tuning.
Part 1 Setting up the File
We’ll start with an SRT8 6.1L 300C as an example on what to do when setting up your basic file. There are a few things you want to keep in mind when building your base file. First you need to assess the modifications done to the vehicle such as injectors, aftermarket MAP sensor or any other modification that comes into play 
that may need adjustments to run properly. 
For Instance if the vehicle is outfitted with aftermarket injectors first of all we would determine the actual size difference between the stock injectors and the new ones. To do this you want to calculate.


EX: SRT4 Injectors (stock) for a 6.1L SRT8

New Injector flow/Old Injector flow= Multiplier


i.e. 55/34.9 = 1.58 or a 58% increase in size

After determining what the difference between two injectors in CMR you want to 

Add 58% into the Mg/Charge/Cylinder Axis in the Functions>Fuel Injector>
Fuel Mass VS. Pulsewidth
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And Pulsewidth VS. Fuel Mass
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Notice that the two tables are basically the inverse of each other. One thing to keep in mind while trying to find the flow rate of your new injectors is the pressure or PSI that they’re rated for versus the pressure that your system will be running at. Most injector manufacturers will be able to provide with all of this information normally. The standard rated PSI for most aftermarket injectors is at 46 psi. This is not saying that they can’t run more that is just the standard rating. You want to pay attention to this when purchasing. Here’s an example of the fluctuation at different pressures.
Stock 5.7L Injectors


Stock 6.1L Injectors

26.0lb/hr. > 43psi


30.0lb/hr. > 43psi

27.8lb/hr. > 49psi


31.8lb/hr. > 49psi

30.5lb/hr. > 59psi


34.9lb/hr. > 59psi

Some Injector References






Cc/Min@59psi
Lb/Hr@59psi

Mopar Stage 1/SRT-4 stock


577


55

Mopar Stage 2




682


65

Mopar Stage 3R



719


68.5

RC Engineering 550



634


60.4

RC Engineering 650



749


71.3

RC Engineering 750



864


82.3

RC Engineering 850



980


93.3

**As well as flow ratings, you will also want to refer to the injector manufacturer for the Voltage offset that the injectors operate at for this is very important for a linear response from the engine vs. pedal percentage.
The above referenced calculations for converting cc/min to lb/hr is 10.5 for reference. To get cc/min to lb/hr you divide by 10.5 or the inverse for lb/hr to cc/min.
Example:
SRT4 stock injector: 50.2lb/hr. *10.5 = 527.1cc/min

Hardware Switch Settings

These switches are an array of hardware that the vehicle is equipped with such as MDS, Rear O2 Heaters, EGR, Rear O2 sensors etc…

The table is located under the Scalars menu 

To enable or disable functions on this menu you simply use 1 or 0 respectively.

Normally these functions are used when customer has a different exhaust or an off-road exhaust with deleted cats and maybe an EGR delete and doesn’t want the MDS to come on any longer. 
Torque Management
Friction Torque loss – This is a torque calculation used by the transmission to adjust line pressure. It is best to reduce these values to achieve firmer shifts.

CAUTION: When reducing these values the WOT fuel will be reduced as well since it is a part of the overall torque calculation. So it will be necessary to add additional fuel to the VE tables to compensate for this. As a base it is best to start by adding whatever percentage that you take out of the Friction Torque loss table and add it to the VE tables 1 and 2. There are other ways of compensating such as adding to the Power Enrichment A/F ratio, however it is recommended that you adjust the VE tables first.
Additionally, you will find that when doing forced induction and large CID engines that the affects of lowering these will be greater and normally you will have to compensate more to get the target AFR.
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 Minimum Spark For Trans Torque Management – is the minimum amount of spark allowed to be removed by Torque Management requested from the TCM.

Tables->Spark Advance->Min spark for Trans torque management
Part Throttle Spark – Is your narrow throttle spark table used during part throttle and idle conditions

Tables->Spark Advance->Part Throttle Spark


Note: When dialing in the timing on these be aware that the knock sensors on these 

have a tendency to be over-sensitive. As seen in the predator tunes we raise the thres-

-hold for the knock sensors to register knock as we found them to register a large 
106
amount of false knock. This is especially true of engine with aftermarket cylin-

-der heads and cams along other various highly modified engine combinations.
WOT spark – is the table that the PCM uses for wide open throttle these timing val-

-ues will be used whenever the conditions are met WOT. Always datalog to make 

sure that you are seeing the commanded amount of spark and the knock sensors are 

not taking it back out. As discussed previous the knock sensors are very sensitive

and could possibly be taking timing out from false knock and robbing power.
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MBT Spark – This table known as the “MBT” or Mean Best Torque table is the 

most timing that the engine will ever see under perfect conditions as tested by the

manufacturer. This table will and should always be higher than the WOT spark listed

above. Always check this table to make sure that your WOT spark is not higher than

your MBT otherwise you will never reach the commanded WOT timing.
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Miscellaneous Spark Modifiers – if you look through the tables you will find 
various timing modifiers for temperature etc… They are set up very well from the

factory with knock limitation taken into account. Very rarely should these need to 

be modified.
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Fueling – The 5.7L and 6.1L Hemi vehicles both use speed density.  So as you know 
the loading compared to what you are used to will be different since we are going pri-


marily off of manifold pressure which is measured in KPA or Kilopascals

  

The conversion for Kilopascal into common term such as PSI is: 

  1psig = 6.894757 Keep in mind that this is gauge pressure assuming that sea level

is 0. Relative pressure varies depending on your area and elevation. This is why 


barometric pressure is important for loading purposes etc.. especially with speed den-


-sity management systems. For reference Sea Level is 14.7psi

Open Loop – Main Tables Used


Power Enrichment A/F Ratio – This is your commanded AFR that the engine will 

run in open loop 


Power Enrichment above stoich F/A Ratio – Is DCX default units, It shows desi-


-red F/A (Fuel to Air Ratio) above stoich. The math on this table is complex so CMR


does the math for you in the Power Enrichment A/F ratio table so this table does not


have to be modified. 


Note: These tables are only operational under open loop conditions as indicated by 


the Throttle Volts For WOT power enrichment Scalar.

Volumetric Efficiency Bank 1 and 2 – The VE tables are operational under closed

loop and open loop. The VE tables indicate the volumetric efficiency of the engine to


the PCM for base fueling calculations. An important thing to consider when modif-


ying these tables is that if you’re dealing with an engine that has increased dislpac-


ement or forced induction these tables will have a Larger VE than a standard engine


and thus will have to be increased globally to achieve the target AFR. 


Closed Loop – Main Tables Used


Volumetric Efficiency Bank 1 and 2 – As mentioned previously the VE tables are 


the base calculation for which all the fueling is based so naturally they are used in 


both open and closed loop. In closed loop what you want to do is use these to dial in


idle and part throttle fueling while observing your datalog via the long term fuel trim


If the fuel trims are positive then you want to monitor the specific area that the PCM


is referencing then add that percentage to that section. The same goes if the LFT% 


is negative.  Just find the cells that the PCM is referencing and reduce it by that per-


-centage.


To properly adjust the VE tables for closed loop it is recommended to run the vehicle


on a dyno while logging the matured long term fuels trims.


To do this run the vehicle steady throttle for 30-60 seconds at one speed, then increa-


-se speed and hold for 30-60 seconds. Keep going through the RPMs and loading 


until you’ve covered all the load ranges for part throttle.

Once you have completed this then go back and monitor your datalog and make the 


necessary corrections, if trims are negative (PCM removing fuel to reach stoich) 


then reduce that area of the VE table. If the trims are positive (PCM adding fuel to

reach stoich) then increase that are of the VE table. Once changes are made load the


tune into the vehicle and repeat the above steps to verify.

To recap the axis of both of these tables are RPM and Pressure Ratio is Baro/MAP


each have their own PID so you can monitor exactly where you are in the table 


under any condition. This is extremely helpful for tip-in fueling.


A Final Note: Make sure that when modifying these tables you make the exact same


changes to Bank 1 as you did for Bank2 to make sure there are no balancing issues.
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CHAPTER VIII
Chapter VIII: Troubleshooting Problems and Transmission Basics
In this chapter some of the problems that are commonly seen when tuning a

vehicle will be discussed. Also included are the basic things needed when setting up automatic transmissions. Automatic transmissions have been included in this chapter, because usually the base settings will work ﬁne. However in certain cases

settings will have to be changed and this often turns into troubleshooting

Part 1 A Saturated Mass Air Meter (Ford)
The PCM uses the mass air meter data to determine the amount of air being used

by the engine. It uses this data to adjust injector pulsewidth, and to calculate load or volumetric efﬁciency. Most mass air meters will output to battery voltage. However, some of the newer mass air meters (slot style) may only output to 6.5 V. In this discussion the earlier mass air meters that will output to battery voltage will be discussed. Even though the mass air meter will output to battery voltage the PCM

will only acknowledge to 4.7 V. On most vehicles this limit can be raised to 5.0 V in the software. The exceptions being some Mercury Marauders and SVT Focus.

A Graph of a Pegged MAF
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When a mass air meter saturates, which is all also called pegging, the voltage

limit of the PCM has been exceeded. The PCM will no longer allow for additional airﬂow. But the airﬂow will continue to increase, and without the PCM making corrections for it a lean condition will occur. In addition, calculated load will no longer be accurate so all load related functions will be incorrect. Among those calculations is total spark. In all cases as load decreases sparked increases. This creates a very bad situation, especially in a forced induction applications since the air to fuel ratio is getting leaner as spark is increasing. This happens very rapidly, and when on the dyno it happens so rapidly there may not be time to lift.

The easiest cure for a pegged MAF is to use a Diablosport MAF.ia. It will extend the mass air meter’s range at several levels so that the mass air meter is no longer pegging. The Diablosport MAF.ia comes with complete instructions. But in a

nutshell,  it plugs in to the mass air meter and the mass air meter harness. After the rotary switch on the MAF.ia is set, tuning changes are made. For example, on setting

#2 subtract 24% (enter 24, check the % box and click on the subtract icon) from the

INJECTOR HIGH SLOPE and the INJECTOR LOW SLOPE.
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Do this to the AIR MASS DISPLACEMENT OF ONE CYLINDER value as well.
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The CalWizard can be used for this as well. Additionally, if there are rich or lean spikes, scale FUEL INJECTOR SLOPE BREAKPOINT and INTAKE MANIFOLD VOLUME by 24% as well.

However, there may be instances where a Diablosport MAF.ia is unavailable

and  a temporary ﬁx is needed. There are a few things can be done to alleviate the condition as long as it is realized that this a temporary solution until a Diablosport MAF.ia can be obtained.

The ﬁrst thing needed  is to be sure that the maximum voltage for the mass air

meter in the software has been raised. To do this, open up the MAX MAF VOLTAGE and change the value to 5.0. This will extend the range slightly, but remember  on certain vehicles, as listed previously, this will not work.
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The second thing is to open the WOT OPEN LOOP FUEL MULTIPLIER VERSUS RPM which is located in Open Loop Fuel. Determine approximately the RPM

that the mass air meter is pegging. Use the left-hand column to set a range of

RPMs. Normally leave 8500 at the bottom and in the cell directly above that enter something like 6000 RPMs, and in the cell directly above 6000 enter something slightly below the RPM where the meter pegs. The right-hand column has the multiplier, which from the factory is set at 1, i.e. it adds no fuel. Since an enriched mixture is needed, set the values to less than 1 so the PCM adds fuel. Depending

on the values you use and values in the stabilized open loop table choose new multipliers lower than 1. For the multiplier corresponding to 8500 RPMs it’s always

a good idea to make it very rich. If for, example the commanded air to fuel ratio

at the upper RPMs is 12.5, a good starting point would be to enter 0.85 for that multiplier. This would result in a calculated air to fuel ratio of 10.6. Keep in mind that since the PCM’s calculations will no longer be valid an air to fuel ratio of 10.6

is only an estimate. The values for the lower RPMs that were entered can be scaled accordingly, if 6000 RPMs were the next level use a multiplier of 0.9. If the ﬁnal

level were 5000 RPMs use a multiplier value of 0.95. Your results may vary, but use this as a general guideline.
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Some vehicles do not have the wide open throttle multipliers function, in these cases adjust the STABILIZED OPEN LOOP FUEL table at the appropriate RPM levels.

The idea is to throw fuel at the engine to keep things safe. It will NOT be good to leave it this way.
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The third thing to do is to lock timing at a safe level. The easiest way to do this is

to open THE BORDERLINE DETONATION SPARK ADVANCE table and starting

at the RPM values that the mass air meter is pegging, change the values in those columns to a static number. For example, if the mass air meter were pegging at

5500 RPMs, the entire 5000 rpm column would be selected and set to one value, something safe like 13°. Also choose the next column or any for a higher RPM and do the same thing.
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Additionally, go through the rest of the spark tables and if there were any miscellaneous spark adders, zero them out. An example of this is the borderline spark adder for A/F. This table adds spark when the engine is running richer. However, in this case it should be completely zeroed out.

Until you can install a Diablosport MAF.ia this should keep the motor safe.

Remember when the Diablosport MAF.ia is installed to change the ‘band-aid’ values back to where they were originally.
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Part 2 Getting Rid of Shift Hesitation on ’03-04 Cobras
Occasionally, higher horsepower modiﬁed 2003-2004 Cobras will experience a slight hesitation after shifting. Many of these cases this can be corrected with a combination of a mechanical adjustment and changing the tune.

The mechanical portion of the adjustment means that the fuel tank must be remove

to pull the fuel pumps. The fuel pump assembly is equipped with a one-way valve.

It is called the parallel pressure relief valve (PPRV). It’s located between two

sections of corrugated line attached to the assembly. Its purpose is to keep fuel from siphoning back into the tank so that the engine will start immediately on cranking. Removing the parallel pressure relief valve will help get rid of the shift hesitation. However, cranking times will be increased. Before this modiﬁcation is done, be

sure that the cure is not worse than the problem. When this valve is removed in the corrugated lines and PPRV are replaced with high-pressure fuel line.

The ﬁrst tuning change that can be done is going to scalars and opening the

Diagnostics/Failure Mode folder, and then raising the MAX MAP VOLTAGE from

4.7 V to 5 V.
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The second tuning correction is in the tables under Returnless Fuel choose the

FUEL PUMP MAIN VOLTAGE FOR PID CONTROLLER. This table controls the voltage going to the fuel pump within a matrix of rail pressure versus fuel ﬂow rate. To adjust it, there needs to be a way of datalogging fuel pump voltage, rail pressure,

and fuel ﬂow rate to properly change these cells. Whenever adjustments are made to this table clear the keep alive the memory (KAM) by disconnecting the battery and stepping on the brake several times.

113
The last software change is in the tables in the Load/Volumetric Efﬁciency folder. Select the DEFAULT LOAD AT SEA LEVEL parameter and make adjustments to it. Log RPM, throttle position and load and see if within the matrix of throttle position and RPM the cell values are correct for the load that you are actually logging. If

load is incorrect within the table then change it to what was logged.

These changes may not completely cure the shift hesitation on all vehicles, but for most vehicles one or more of these changes will work.

Part 3 Exceeding the Airﬂow Limit in the Processor’s MAF Table
Some of the later vehicles have a relatively low limit of maximum airﬂow in the mass air table. In most cases, this is a hard limit that cannot be exceeded. The limit

is 63.9. On some vehicles such as 2003-2004 Cobras, when this limit is exceeded,

it is apparent. As attempts are made to increase the highest numerical value in the right-hand column, the number doesn’t change. It is stays at 63.998. On earlier

vehicles when performing calculations, the limit of 63.998 in the earlier vehicles can

be exceeded in the software. Even though higher numbers will be allowed there is still is a hard limit. This hard limit varies by vehicle. This limit is most often found

on the dyno or on the road with a higher horsepower vehicle. When you adjustments are made to the mass air table and they have no effect. There is an easy solution to

this.

First in scalars open the fuel injector folder and multiply THE FUEL INJECTOR HIGH SLOPE the FUEL INJECTOR LOW SLOPE and the FUEL INJECTOR SLOPE BREAKPOINT by a number chosen to lower these values. 40% is a good place to start. Select those three values enter 40 into the math box making sure that the percentage box is checked and click on the minus icon.
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Next, open the MASS AIRFLOW TABLE and select the entire right-hand column, and reduce it by the same percentage.

Finally, in the Powertrain Conﬁguration folder, within the scalars, choose INTAKE MANIFOLD VOLUME and lower its value by the same percentage.

Part 4 Hot Start Problems with Bigger Injectors
If the vehicle has larger injectors than stock and in order to start the vehicle it needs

to go to WOT, then tuning changes are needed. Flooring the accelerator pedal shuts off the injectors so this indicates there is too much fuel being injected on cranking. There are two things that can be adjusted to help alleviate this. First, located in the functions in the Crank Fuel folder choose the CRANK FUEL PULSEWIDTH VS
ECT 2. By using this function the pulsewidth of the fuel injectors can be lowered while the engine is cranking. It is recommended to lower the pulsewidth values in

10 to 20% increments in the target ECT ranges until the problem is alleviated.

Along with that, open the Idle Airﬂow folder and choose ISC DUTY CYCLE IN CRANK MODE and increase the airﬂow during engine cranking. Working with

these two things can solve these problems. If the engine starts ﬂaring when started then the ISC duty cycle during crank is set too high and it needs to be set a little lower until this is corrected.



[image: image101.png]Vols| _lbimin]

g 0
it R
et PR
i s R
s orers R
s P
s o
e I
(e PR
e R
ey
Shinsot: P
B
St P
e P
e
e o
S ernats
patee
e P
i P
s oo
Aredel o
isricass P
s P
s
L eenirirs [





Notice the highest lb/min has been reduced.
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Part 5 Idle Problems
Idle problems can be some of the most perplexing problems that can be faced while tuning a vehicle. Here are some tips to help solve these problems. Usually severe

idle issues are a combination of tuning and mechanical problems.

Prior to the electronic throttle control vehicles, idle air was controlled by the idle air control valve. This is a valve that shunts air around the throttle plate using a small stepper motor control by the PCM. Most vehicles also use spark to maintain idle.

On some vehicles the problem might be sparked related. With a few processors the idle timing is too high from the factory. Look in the Base Spark Advance folder

in scalars and see that the minimum spark advance at idle can be as high as 20°. Setting this to 10° can often smooth out the idle.
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Often times when there is an idle problem it’s directly related to someone with

little knowledge having adjusted the throttle body stop screw. With a stock throttle body this is never necessary. However, with aftermarket throttle bodies it may be necessary. If there is an adjusting screw on the idle air control valve this should never be touched.

The following method can help re-center an IAC valve. With the motor running unplug the idle air control valve connector. The motor may stall or ﬂare at this point. If it remains running at nearly commanded idle speed, then there is no

need to proceed. However, if its stalls, start it again with the idle air control valve unplugged, and using the throttle stop screw, adjust the idle to the commanded idle speed. Shut the engine off, disconnect the negative battery cable and step on the brake three or four times to clear the KAM. Reconnect the battery, plug-in the idle

air control connector, and then start the engine. It should idle better. Normally the throttle position sensor (TPS) never needs to be adjusted because it re-zeros itself

at key-on. However with aftermarket throttle bodies it may need some adjustment, especially after the throttle stop screw has been changed. Using a voltmeter or datalogger check the throttle position sensor voltage with the engine off, but the key on. It should be at or under about one volt (or around 200 AD counts). There usually

is not enough adjustment within the sensor itself to get good results, so slightly adjust the throttle stop screw again to get it in line. It may be necessary to  drill or enlarge the hole in the throttle plate.

The idle air control valve needs to be somewhere in the middle of its range to work properly. If  the vehicle is modiﬁed by adding aftermarket camshafts or the motor is

of larger displacement, drilling a hole in the throttle body may be the only answer

to getting enough air at idle while keeping all of the systems within their normal operating ranges. Usually, about 100% of the time on a GM LS-1 engines with aftermarket camshafts, a hole will have to be drilled in the throttle body plate (or enlarge existing holes) to get good idle control. Start small and work your way up. If the hole is too large, the throttle body may be ruined. Remember, any changes to the idle control system will necessitate clearing the KAM by disconnecting the battery

and hitting the brake a few times.

Other problems that can occur would be vacuum leaks or leaks in the tubing between the throttle body and the mass air meter. Vacuum at idle in a vehicle with

a stock cam should be 18 to 22. Do is smoke test to try to ﬁnd sources of vacuum leaks.

Another thing that might help getting problem idles in line would be to adjust the FUEL INJECTOR COMPENSATION VS BATTERY VOLTAGE parameter located within functions in the Fuel Injector folder. Make small adjustments to the offset in this function.

On a vehicle with aftermarket camshafts adjust the fuel injector timing. The fuel injectors should be roughly ﬁring onto a closed intake valve. Normally, aftermarket camshafts might be of a higher duration than the stock camshaft. If this is the case,

the injector needs to ﬁre earlier. Often selecting an arbitrary value like -100 and applying that to the FUEL INJECTOR TIMING VERSUS ECT injector time will work pretty well.

Part 6 Stalling When Coming to a Stop or Hanging RPMs
Problems such as stalling when coming to a stop, or hanging RPMs are controlled by the function that controls throttle transitions to idle. This is called the dashpot control. Early vehicles with carburetors used mechanical dampers that slowed the throttle blades when transitioning to idle. These mechanical dampers were called dashpots. The name is still used in the era of PCM controlled vehicles. As long

as it is understood that these are not idle controls nor part throttle controls but transitional controls, they are easy to adjust. In functions open the Idle Airﬂow folder and look at the dashpot functions. If you adjust the decay rate, a smaller value will slow the throttle rate of closure. A higher number will speed it up.

Slowing it down will help prevent stalling, speeding it up will help prevent hanging revs. The other thing to remember is if additional adjustments are needed, adjust

any dashpot clips and the dashpot preposition the opposite way that the decay rate has been adjusted.
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Part 7 Turbocharged Vehicles
In a lot of ways tuning a turbocharged vehicle is very similar to tuning a supercharged vehicle, however there are some differences. The ﬁrst a turbocharged

vehicle will do that’s making good power, will be the mass air voltage curve gets to

a certain point, usually corresponding to full boost of the turbo, and then just ﬂattens out.
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When this happens fuel control is lost and sometimes timing may be affected.

It’s a good idea in this case to keep an eye on the air to fuel ratio and make small adjustments using the WOT fuel multiplier. To do this open the WOT OPEN
LOOP FUEL MULTIPLIER VERSUS RPM  located in Open Loop Fuel folder. Note approximately the RPM where the engine has started drifting lean. It is

recommended that you just add a small amount of fuel at this point to keep it from drifting lean. Spark will also be affected  but to a much lesser extent than when a mass air meter is pegged. It’s a good idea to lock the timing at the higher RPMs in this case. It is not necessary to change an entire RPM column. It is usually okay to change just that last two RPM columns about two or three load cells down on each.

Sometimes turbo cars will seem to lose power at higher RPMs. Sometimes the dyno chart looks very choppy at high RPMs. This can be caused by a number of things,

the most common of which is spark blowout which can also affect supercharged vehicles as well. The cure is to go to a copper plug if necessary and close the gap

to 0.028-0.030”. Another cause of this can be inadequate valve springs. This again, can happen with any forced induction application. The additional boost pressure works against the valve spring pressure and can result in premature valve ﬂoat.

Ensure that the springs have adequate spring rate. Use high quality valve springs for these applications. The third issue, which is exclusive to turbochargers is pressure

ratio problems. What this means is that exhaust pressure between the engine and

the turbocharger has become much too high. This can check this by adding a bung

to the crossover and using a pressure gauge to measure backpressure directly on the dyno. The best case scenario is to have a pressure ratio of 2:1 or less, which means that for 10 pounds of turbocharger boost you should not exceed 20 pounds

of exhaust backpressure between the turbocharger and the motor. If it exceeds this ratio there can be severe problems. The cure can be a combination of different

things: run a larger turbo; run a larger A/R exhaust housing on the turbo; be sure the vehicle’s exhaust system is free-ﬂowing. Use adequate size exhaust pipes to the rear

of the vehicle with straight-through style mufﬂers or no mufﬂers. Using chambered mufﬂers will exacerbate the problem; and if routing your wastegate discharge

back into the exhaust system, reroute it, dumping it to the atmosphere. However, when this is done, the wastegate may no longer controls boost properly. The cure

is to add a larger wastegate or two wastegates. There are many books written on turbocharger system design, if you have to deal with many turbocharged vehicles it

is recommended that you do research.

Another issue that may be seen with turbo vehicles is the location of the oxygen sensors. They are often too far away from the engine. On a turbo vehicle, if the 02 sensors are in the stock location, they are way too far away. It may be tuned ﬁne at ﬁrst, but after a few days, the vehicle will start bucking and missing. This is caused by the 02  sensors not getting hot enough in the exhaust. The turbo bleeds off a huge amount of heat that the 02  sensors would normally see. The solution is to move the

02  sensors to right before the turbo in the header ﬂanges or just after it. Or, if they cannot be moved, tune the vehicle to run in open loop all the time.
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Part 8 Nitrous Tuning
Tuning a car with nitrous on it is not difﬁcult. Most of the nitrous kits supply all the necessary components to do a proper install. However, there are a few things to be aware of. When tuning a nitrous vehicle always use the stock timing tables and pull

2° of timing for each 50 shot at the appropriate RPM ranges. It is also recommended that a window switch be used to turn on/off the nitrous at speciﬁc RPM points.

Do not want allow the engine to hit the rev limiter when nitrous is engaged. For example use a window switch that is set for 3500-5500 RPMs with a 5800 rev

limiter. For a 100 shot, pull 4° of timing for the higher load values from 3500-5500

RPMs.
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With wet kits, the manufacturers will supply approximately the correct nozzle size for fuel. Fueling can be ﬁne tuned to get to a target air to fuel ratio of whatever

is chosen (11.5 -12.0 is most common) by either using the WOT fuel adder or changing the STABILIZED OPEN LOOP FUEL table. Do not adjust the MASS AIR TABLE in this case, assuming it has already been calibrated and is correct.
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Sometimes there are problems with lean spikes followed by rich spikes on nitrous vehicles that are installed on vehicles that have a returnless style fuel system. If

this happens this is purely a mechanical problem that will be very difﬁcult to tune around. Many of the manufacturers sell a fuel rail accumulator which is basically a pressurized reservoir for additional fuel.

This also applies to nitrous that is added to a supercharged or turbocharged vehicle, except a 50 shot in this case might actually net 75 to 100 more horsepower.
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Part 9 Water Alcohol Injection
One modiﬁcation that is currently in vogue is water/alcohol injection or just plain water injection. When done properly, these kits can reduce intake charge temperatures and combustion temperatures, thereby reducing the likelihood of

detonation. They can also add octane. The following are some tips that can be used when tuning the vehicle with one of the systems installed:

Use the smallest size injection nozzle that will give adequate temperature reductions. In this case more is not necessarily better, because too much liquid being injected can bog the engine. The more liquid injected the less room for the air/fuel charge.

Never use windshield washer antifreeze. Oftentimes this will contain glycol which

is not sensor-friendly. And the ratio of methanol to water is sometimes variable. It’s always best to use a 50:50 mixture of methanol to distilled water mixture, either

from a known source or that you have mixed yourself. This is the secret to getting consistent results. Many people use straight water, because water has a tremendous ability to absorb heat as it changes phases from a liquid to a gas, either in the intake

or in the combustion chamber. Using the alcohol mixture will give slightly better cooling and will add octane.

It is usually not helpful to add one of these kits to an intercooled system. There will

be little or no gain when doing that, except for added octane. And in this case race gas is more desirable for the added octane beneﬁt.

When tuning one of these kits the added power comes from adding quite a bit more timing. However, since these kits can sometimes fail, either from clogged nozzles, pump failures or running out of liquid in the reservoir, the best way to add spark is with the ACT functions. To do this ﬁrst make sure that the intake air temperature sensor is located after the injection system, if it is before the injection system this

will do you no good. Make a run without the injection system running and note the intake charge temperatures. Next make another run with the injection system

operating. Note the difference in the air charge temperatures. Then add timing

within the ACT functions. This way if the system fails, the PCM will pull timing as normal. It is possible to add timing in the borderline table, however this will lose

the advantage of this safety net.

If alcohol mixtures are used the air to fuel ratio will be quite a bit richer. It is recommended that this just be allowed to happen. Extra horsepower can be found by using the WOT fuel adder or changing the STABILIZED OPEN LOOP FUEL table to adjust the air to fuel ratio so it is optimized. However, if the system fails most likely the engine will fail also.

It is highly recommended, that electrical solenoid valve be used when the injection pump is running so that when the pump is stopped liquid cannot siphon off into

the intake pipe. This can result in a large accumulation of liquid that can then be ingested by the motor and cause a hydro lock.



It is not helpful to add one of these kits to
a blown vehicle that is also using a small shot of nitrous. The nitrous will cool the charge temperature
down adequately, and it’s probably better to add race gas for any needed octane.
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If straight water is used, it is recommended that distilled or de-ionized water be used all of the time. Tap water can add minerals that will clog nozzles and tubing eventually. If distilled or deionized water is used, it is also a good idea to add approximately a half cup of tap water per gallon of distilled water. Pure distilled

or deionized water at higher temperatures can sometimes attack aluminum components. Adding the tap water will add some on ions back into the water minimizing this problem without mineral deposits.

Part 10 Automatic Transmissions
Automatic transmissions can be very difﬁcult to tune properly. For this reason make minimal changes to these functions and tables, such as shift and converter schedules and line pressure.

Most of the time when there are problems with automatic transmissions such as failure to shift, slippage between shifts, late shifts, etc. the problem is with the transmission itself. In these cases the transmission needs to be repaired. The other thing to remember about automatic transmissions, is that in most cases they do

not respond as quickly as a direct electronic component, they rely on hydraulics to control internal functions. Sometimes it takes a considerable amount of time for the transmission to ramp up ﬂuid pressure in order to shift or lock the converter.

For most Fords the shift points and converter lockup points are determined by mile

per hour trigger points. Wide-open throttle shifts have RPM trigger points. The main thing to emphasize here is that at wide-open throttle these are trigger points not

actual shift points. What happens is the PCM will instruct the transmission to begin
the shift at the trigger point. Between the time that elapses when the transmission gets the signal to shift from the PCM, and the transmission actually shifts, the engine continues to rev. The transmission is busy ramping up line pressure so that

the shift can be accomplished. There is no set time to allow for this RPM difference between trigger shifts and actual shifts; it can be affected by horsepower and vehicle weight and load on the vehicle. The only way to accurately set shift points is to

take a vehicle on the street or on the track and observe the real world shift points

and make adjustments from there. Lower horsepower vehicles can have shift points set on the dyno. When making adjustments to the shift points keep in mind that

the PCM will send the shift trigger based on either the mile per hour or RPM shift schedule, whichever occurs ﬁrst. So it’s a good idea to make sure the mile per hour high throttle position shift points are higher than the RPM shift points so the RPM shift points control WOT shifting.
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Vehicles with aftermarket rear axles installed will not shift properly without changes. For GM vehicles and Fords from 1999 on, this can be corrected by entering the correct rear axle ratio and other necessary changes for gear changes

in the software. For vehicles that do not have the necessary parameters to change the rear axle ratio, such as 1994 through 1998 Mustangs it’s a very easy thing to do. Take the new rear axle ratio divided by the old rear axle ratio and multiply the

result times every value in the Transmission Downshift Schedule, the Transmission Upshift Schedule, the Converter Lockup Folder, and the Converter Unlock Folder. This will extend the shifts and make them correct. Then use the RPM-based upshift schedules in the scalars to take care of wide-open throttle shifting.

In most vehicles make ﬁrmer/crisper shifts by maxing out the higher throttle position shift pressures. But when you do this, be sure to slowly ramp up the pressure gradually through the throttle position range.
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Most automatic transmission equipped vehicles use a means of controlling torque on shifts to make it easier on the transmissions. In most Mustang GTs this can

be eliminated (if the transmission is in good shape). To disable it look in the scalars under torque modulation and set the min ECT TO ENABLE TORQUE MODULATION to 254. This will reduce torque control on shifts. This is not

recommended for most supercharged trucks with stock transmissions. This includes second generation Lightnings.
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On most Mustang GTs when the rear wheel torque numbers get to 330 to 370 the torque converter clutch will begin to slip. Besides losing power this will create heat within the transmission and cause early failures. It is recommended that upgraded aftermarket torque converters be used in these cases. On a high torque car with a

stock converter this can very easily be seen on the dyno chart. And it may even be possible to hear the engine start revving higher as the converter clutch gives way. If this happens, it’s time to switch to a better converter.
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When resetting the mile per hour shift points and the converter lock/unlock areas it’s very important that the upshift/downshift values and the lock/unlock values

remain proportional to what they were in stock form. It is very helpful to copy a pair

of these value sets over to a spreadsheet program, graph them and then look at the graphs. In the example below, the 1/2 and the 2/1 graph lines must not cross. This is the same for each pair of upshift/downshift values and lock/unlock values.

[image: image108.png]7

10

—+—12shift
- 21shif




Mustang GT and Mach 1 automatic transmissions are electronically controlled.

1994 is when this started when the AOD-E was introduced. Mustang GTs from 1996

through 2004 were equipped with the 4R70W automatic transmission which over

the years became progressively stronger. The Mach 1’s were equipped with perhaps the best automatic transmission of the entire series the 4R75W transmission. Most

of the earlier transmissions will not allow a ﬁrst-gear lockup of the torque converter. Some of the things that should never be done with these transmissions are:

•
Never do a wide-open throttle up shift from third to fourth. Overdrive or fourth gear is controlled by a relatively thin band, and in a high torque vehicle doing

this can destroy the transmission.

•
Never do a downshift from fourth to second, as this can really hurt the transmission.

•
Always use the recommended ﬂuid. Adding an extra transmission cooler will extend the life of the transmission.

•
On the track if a trans brake is in use, be aware that approximately for every second the trans brake is engaged, the transmission temperature will rise approximately 100°. Typically, trans brakes engage ﬁrst gear and reverse gear at the same time.
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Part 11 Blow through vs. Draw Through Mass Air Meters
A mass air meter on a blower or turbo vehicle can be installed two different ways. Either the way the factory has it, in drawn through, or in blow through mode. Draw through puts the meter ahead of the blower/turbo. Blow through puts it after the blower/turbo. Twin turbos generally have no choice but to put the meter after the turbos.

What are the advantages/disadvantages of both? With a draw through meter is less affected by bends in the pipes and reducers near the MAF. A blow through meter is more affected by pipe size and bends. Remember that the Mass air meter relies on laminar airﬂow to get a good signal. A draw though meter must use a bypass valve –

it bleeds off boost and recirculates pressurized air from in front of the blower/turbo

to behind it. It must be done this way because the air has already been metered. If

a bypass is dumped to atmosphere it will result in huge rich spikes that will kill drivability. A blow through setup vents after the blower, but before the MAF, so the unmetered air can be dumped to atmosphere.

A draw through meter is a longer way from the engine. Add in an intercooler and there may be an unacceptable delay in what the mass air meter reads and how the engine responds. On a turbo vehicle, the turbos natural ‘spin down’ will create backwash through the MAF that cannot be tuned around. In worst cases, you must convert to blow through to get rid of this.

Overall, blow through systems work well. Contrary to internet misinformation, a properly designed blow through system will be easier to tune and live with than a draw through setup. A properly designed blow through setup has the same diameter piping as the MAF’s diameter in straight sections. If the MAF is 90mm, use 4”

pipe. It may not be practical to use 4” pipe for the entire inlet, but what must not happen is to use reducers right at the MAF or have bends close to the MAF. Use as long a section of the same size pipe as can ﬁt, then do any reducing away from the MAF. Some companies offer 3” blow through MAFs and these may make a good alternative.
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Part 12 Bypass and Blow Off Valve Issues
When tuning a supercharged or turbo vehicle sometimes it will not respond to

changes at certain RPM levels. Or there may be severe drivability problems that will not go away. Nine times out of ten, these can be traced back to bypass or blow off valve issues. Intercooled blower cars, set up in draw through mode are particularly susceptible to this problem. These can be diagnosed with almost certainty by

logging MAF voltage vs. RPM and graphing it in a spreadsheet program. The MAF

line, rather than being a clean signal, will be very erratic. See the example below.
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This means that air is backwashing into the MAF disrupting the signal. This occurs more often with bypass equipped vehicles rather than blow off valve equipped

(BOV) vehicles. However, if the BOV is incorrectly adjusted, it CAN happen

with a BOV also. In a bypass vehicle (draw though) there are several answers to the problem. First, make sure the bypass is properly adjusted, make sure it is of adequate size.

Bypass pipe design is also critical, it must be large enough diameter and have the

outlet as far from the MAF as possible. The outlet must be set up to point away from the MAF and it may be necessary to add an air deﬂector inside the pipe. The pipe

from the MAF to the turbo can be extended, if there is room. This adds air volume

so the bypassed air is less of a percentage of the total air volume. These problems cannot be tuned around in most cases and require a mechanical cure.
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Part 13 Miscellaneous Tips
Recommended air or to fuel ratios:

•
Naturally aspirated vehicles - 12.5 to 12.9.

•
Naturally aspirated EEC IV vehicles sometimes extended to - 13.0-13.2.

•
Blower or turbocharged vehicles, 5.0 - 5.8 and GM push rod motors - 11.0-11.5.

•
Blower or turbocharged vehicles, 4.6 - 5.4 modular motors - 11.2 - 12.0

•
Blower or turbocharged vehicles, Focus - 10.8 - 11.2.

A good rule of thumb is for heavier cars go bit richer. For lighter cars go a bit leaner. All out race motors with blowers or turbochargers can sometimes make really good power between 12.0 and 12.5, but this is not recommended for street

vehicles as it can result in engine damage. And remember, with alcohol-based fuels

to watch lambda rather than air to fuel ratio. Guidelines on maximum spark:

•
LS-1/2 motors, naturally aspirated - 26-29° seems to make most power on 93

octane.

•
LS-1/2 motors, blower/turbocharger – 15-21° depending on boost, octane and inlet temperatures.

•
5.0/5.8 push rod motors, naturally aspirated - 27 - 31° depending on the octane used seems to make best power. This is also dictated by the head design.

•
5.0/5.8 push rod motors, blower/turbocharger – 15-21° depending on boost, octane and inlet temperatures.

•
4.6 modular motors, naturally aspirated, 25 - 29° to start with depending on octane.

•
4.6 modular motors, stock internals, blower/turbocharger - 14°

•
4.6 modular motors, blower/turbocharger – 15-21° depending on boost, octane and inlet temperatures.

•
2003 - 2004 Cobra - for 93 octane fuel if the inlet charge temperatures are less than 125° you can go as high as 21 to 23° of spark less for 91 octane or if the inlet charge temperatures are higher.

•
5.4 Lightning - if it is a stock motor limit the timing to 15° maximum. Built motors can go higher.

•
Focus with a blower or turbocharger - 13-14°.
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Fuel systems must be adequate for blown or turbocharged vehicles. Return style fuel systems can be upgraded with larger pumps and external pumps. Normally gear style pumps are used with these systems, or in-line pumps. In really high

horsepower applications with return style fuel systems, it might be necessary to go

to a sumped fuel system with bigger lines and larger fuel rails.

Returnless style fuel system pumps are not interchangeable with return style fuel pumps, i.e. gear pumps. Returnless vehicles use a completely different style pump called a turbine pump. Using the wrong style pump will result in drivability problems and pump failure. For 1999 through 2004 Mustang GTs the fuel system can be upgraded with an SVT Focus fuel pump and adding an electronic voltage booster. The fuel system will then be able to handle around 375 to 400 rear wheel horsepower. Beyond that, they must be upgraded with 2003 to 2004 Cobra fuel

tank and pumps. You cannot add the Cobra pumps to a GT tank because of the

tank design which will limit the fuel ﬂow. The same is true for earlier style Cobras from 1999 up. 2003 to 2004 Cobras from the factory have pretty good fuel systems, however when the horsepower levels start getting past 500 there are some things to do to upgrade them. Go to heavier gauge wiring from the battery to the FPDM and then to the fuel pumps themselves. Upgrade the fuel lines and add an electronic fuel

pump voltage booster. If an electronic fuel pump voltage booster is added, have it control the voltage going into the FPDM so that the processor is still in control of

fuel. This should be good up to the mid-600 RWHP range. After that, switch to Ford

GT supercar fuel pumps and twin FPDMs. The twin FPDMs are necessary, and if not used the fuel pumps will actually ﬂow less than a stock pumps.

Diablosport strongly recommends that the ACT or IAC sensor be located after any blower or turbocharger. It is imperative that the PCM sees the correct temperature

of the intake charge so that the proper changes can be made. Compressed gases will always be a higher temperature than gases at a normal atmosphere.

On vehicles that have stock air to liquid intercoolers such as late-model Lightnings and 2003 - 2004 Cobras, always monitor downstream air charge temperatures. If

they get unusually high or you notice detonation with relatively little timing, always suspect that the intercooler pump may have failed.

Late-model Lightnings have a two speed fuel pump, and if one of these goes lean on the dyno, the ﬁrst thing to suspect is the high speed fuel relay. It is located next

to the fuse box under the hood in a separate small compartment attached to the main fuse box.
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CHAPTER IX
Chapter IX Q&A
I put the chip in the car, try to start it, and it doesn’t start, but yet the fuel pump runs all of the time. What could be wrong?
Most likely the J3 port is not clean. On early processors, the port connector is

covered with heavy grease on BOTH sides. It must be removed, then the connector must be scuffed with an abrasive pad – never sandpaper. Also an emery board

can be used for this. Later processors have a plastic coating that must be ‘shaved’

off. Then clean between the connectors with a sharp pointed object. Finally give

it a good alcohol cleaning followed by scufﬁng with an abrasive pad and another alcohol cleaning. If the port is clean, it may be a bad chip or a chip port that is

not enabled. If the chip port is not enabled and it is EEC V, try ﬂashing it with a

Predator.

The vehicle has really bad cold start issues, what do I do?
First make sure the MAF table is correct, if it is, start the vehicle when cold and watch a wideband and see what the A/F is. Then compare it to the Base Open Loop Fuel Table settings. If there are differences, ﬁgure the percentage differences and apply corrections to the table. Also adding startup idle speed adders and extending

the cold idle speed duration may help.
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The car had several codes and a check engine light before the tune, but after the tune, they were still there, what happened?
You cannot tune around mechanical issues. Period. All mechanical problems must be ﬁxed prior to tuning. The vehicle must be code free.
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I’m getting lean spikes with my nitrous kit on a ‘2004 Mustang GT, how do I ﬁx that?
This is a mechanical issue, because as the nitrous hits, the fuel rail is essentially drained. Eventually it catches up, but not until it oscillates some. The ﬁx is a small fuel rail accumulator tank to hold extra fuel volume. An additional fuel line for the nitrous kit will also work well.

How can I help with small rich/lean spikes in a vehicle?
Assuming the MAF table is correct, you can make small changes by adjusting manifold volume. Reducing it richens the spike, raising it leans it.

[image: image111.png]MRC Enable
Intake Manifod Volume. Liers
Knock Sensor Hardware Type.




A turbo vehicle with 15# of boost  has erratic dyno charts and seems to be missing
at high speed, what could it be?
Check to be sure spark plugs are not carbon fouled. If they are not, then reduce the gap. It could also be valve ﬂoat – the cure would be new valve springs. It could also

be a pressure ratio problem caused by excessive backpressure.

The vehicle on the dyno sounds clean, but I notice black or grey puffs of smoke out
of the exhaust at high RPMs – what is going on?
Assuming the AFR is correct, most likely it is detonating. Pull timing at those levels and run again. If it is a vehicle with an air-to-water intercooler, monitor downstream discharge temps and check to be sure the intercooler pump is operating.

The short term trims are registering 1.0, exactly, without moving. But the vehicle is not running right. What is going on?
The trims must toggle and change constantly – if they are stuck at 1.0, then the

MAF table is set wrong. Run the vehicle in forced open loop and use a wideband to dial it in closer until the trims start toggling.

Can I have traction control default off, and turn on when I hit the switch?
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No, you can use the Cal Wizard to disable it, but it will be disabled all the time.

A chipped vehicle cuts out when driving over bumps – why?
Probably due to a bad chip to J3 port connection. Swap chips to see if it helps.

If not  perhaps the J3 connectors have been sanded, removing too much material

– sometimes you can resurrect a processor by soldering carefully onto each J3 port electrical connector. Or you may need to ﬂash it if possible with a Predator.

A 600 RWHP 94 Mustang GT is running out of fuel at 5500 RPMs, it has a sumped tank, and more than adequate fuel components. What is happening?
Most likely it is hitting the maximum airﬂow limit in the PCM. The ﬁx is simple, scale the injector slopes, breakpoint, manifold volume and the MAF table down by

40% - it should ﬁx the problem.

I have a 2006 Mustang GT with the only mod being a cold air induction kit, and it is really running lean, is this normal?
Yes, this is normal. Starting in ’05 the mass air systems and inlet piping have become more sensitive. Plan on reworking the MAF table on these vehicles.

I have a vehicle which uses a blow through MAF, we replaced the 3” MAF with a
90mm Lightning MAF, and now, even after tuning it, we have drivability issues with
it. Help.
Most likely you had to use silicon or metal reducers right at the MAF. With a blow through system, this will usually never work – the piping on either side of the MAF must be the same diameter as the MAF, which in this case is 4” or the laminar

airﬂow the MAF relies on for accuracy will be compromised.

Can I use a 90mm Lightning MAF with a ’93 Mustang GT?
Yes, you will need a late model style MAF pigtail and a means to adapt it to the inlet tubing. Plus it will need a tune.

I have a 90mm Lightning MAF in a 2004 Mustang GT, I also have 42# injectors.
The vehicle runs poorly, even though the MAF is calibrated for 42# injectors. What
is wrong?
You need a tune. The 90mm LMAF is NOT calibrated for injectors. Ford does not calibrate MAFs for injectors, all injector MAF changes are done in the PCM. Tune

it and it will run ﬁne.

131
I set the timing in my Camaro SS to 29 degrees, but I’m only logging 23 degrees, where is the missing timing?
Look at ALL the timing tables, there are many different modiﬁers in GM and Ford vehicles. Timing can sometimes be very complicated. There is no set way to get exactly what you command unless you lock timing down and zero all adders. This is only recommended for pure race vehicles.

My vehicle goes horribly lean when I lift the throttle, how can this be ﬁxed?
It is normal for this to happen. The PCM shuts off the injectors in these cases and it

is perfectly normal and will do no harm.

I do not want to hit the factory rev limiter because it shuts off fuel, which makes it go too lean – should I be concerned?
No, the manufacturers regularly run vehicles for extended periods of time on the rev limiter with no ill effects. There is not enough fuel present to do damage. This is not

to say that there is NO issue with running on the limiter all the time. Fast torsional changes caused by rapid acceleration/deacceleration of the crankshaft could cause problems in the long run.

When I get wheelspin, I hit the rev limiter on the 1-2 shift in an automatic vehicle, what can I change?
You can up the rev limiter slightly and lower the 1-2 shift triggers, but the main issue is the wheelspin. It allows the engine to rev and reach the trigger point and

beyond much faster. This is faster than the transmission can make the gear changes. The real ﬁx is to eliminate wheelspin.

With a voltage booster on a returnless fuel vehicle’s fuel pump  to increase fuel ﬂow, should I follow the manufacturer’s instructions on wiring it?
As long as the manufacturer recommends wiring the voltage booster ahead of the

FPDM, then yes, if they recommend wiring it after the FPDM, then no, wire it ahead

of the FPDM so the PCM still is in complete control, but has extra voltage to use if needed.

Can I use a Predator on a car with a chip still in it?
No, it won’t work. Remove the chip ﬁrst.
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Can I run E85 fuel in a V8 blower car with 42# injectors?
Probably not, fuel delivery will be inadequate. Figure the 9.7 stoich  for E85 vs. the

14.7 stoich for gas and you can see why you will need a LOT more to be available. You need a high capacity fuel pump and huge fuel injectors.

Can I use the vehicle’s oxygen sensors to determine WOT A/F ratio?
No, they are not accurate at those A/F levels. They are meant to switch around the stoich point of a fuel only. The output is not linear at all.

What is ‘boost referencing?
It is a term used most often in a blown vehicle and makes reference to either

the mechanical fuel pressure regulator or the fuel rail pressure sensor’s vacuum connection. When a regulator or rail sensor is boost referenced it is getting it’s vacuum/boost signal via an intake port that also sees boosted air. This creates a situation where as boost is raised, the fuel pressure is also raised on a 1:1 basis.

So if the base fuel pressure is 40 when not in boost, but when the vehicle is at 10#

of boost, the fuel pressure will rise proportionally to 50. With an NA application the injectors are ﬁring into the intake in a non-boosted, or normal atmosphere.

In a boosted application the injectors are having to ﬁre into a raised pressure atmosphere. Without raising the fuel pressure the injectors would not deliver the correct amount of fuel. Boost referencing solves this issue.

Should vehicles be tuned for hot weather, cold weather and ‘in-between’ weather?
If you have followed the guidelines for tuning in this book, this will not be

necessary. It’s always good to check the air to fuel ratio as often as practical, but the retune necessitated by atmospheric changes is rarely necessary. The mass air meter corrects for different atmospheric conditions.

We have tuned a 1994 Mustang GT, and it is detonating badly, even with only 5°
base timing, could this be something in the tune?
It very well could be something in the tune, however something to check for in the earlier Mustangs is a spun balancer. The balancer is made up in two sections bonded together with rubber in the center. As these vehicles get older the rubber deteriorates with the inner and outer sections no longer being connected. Look for rubber

coming out of the center of the balancer, and replace the balancer if necessary. Find top dead center on the motor for the number one cylinder and verify that the timing marks are accurate.
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We are tuning a 1997 Mustang Cobra and despite trying to change the axle ratio in the tune, the speedometer is still off, what am I doing wrong?
Ford started PCM controlled speedometers in 1999. Prior to that you must either change the speedometer gear or use a standalone speedometer correction box.

Is it best to run a 160° thermostat?
Actually, it’s best to run a 180° thermostat, or a stock thermostat. Sometimes, the

160° thermostat will open too soon and not allow the coolant enough time in the radiator can properly cool it. This is much worse if you make the decision to run no thermostat, as the vehicle may actually start overheating.

In a 2000 Z-28, with aftermarket heads and camshaft, nothing in the tune seems to help it idle better. What can I do?
Usually in LS-1 vehicles with aftermarket camshafts, the issue is that the engine is not getting enough air at idle. The idle air control system is too near to the ends of

its operating range to provide good idle control. The answer is to drill a small hole

in the throttle body blade to supply more air. It is recommended that you start very small and start increasing the sizes while datalogging until you see that the idle air control valve duty cycle is near the middle of its range. You will also notice much improved idle quality at this point.

Should I allow the torque converter and an automatic vehicle to lock when at the track?
Yes, in fact if you can set the torque converter duty cycle to 100% through second

and third gears you will probably run even faster. It may not feel like it, but by doing this you are transmitting a much higher percentage of the engines torque to the rear wheels as opposed to an open torque converter.

On a vehicle with aftermarket camshafts, sometimes we experience surging and bucking at lower RPM ranges, is there anyway to alleviate this?
You should datalog the areas where this happens and ﬁrst of all make sure the air

to fuel ratio is within range. If it is you can try adding timing in that area. Do not

add so much timing that it will detonate at low speeds, but enough to eliminate the bucking.
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We will be tuning an early model Mustang with a 347 cubic inch motor,
turbocharger and adequate fuel system, mass air meter, and injectors. It has a stock
302 engine block and is expected to make well over 550 RWHP. What can I do to ensure this vehicle has a safe tune so that the engine is not damaged?
There really is only one thing to do, and that is de-tune the engine so it’s making

a lot less power. A stock 302 engine block and rotating assembly have speciﬁc engineered limits. These limits are based on metal fatigue and cylinder pressure limits. You will be vastly exceeding these limits with that setup. The vehicle may

crack the engine block, or damage the rotating assembly on the dyno, or a year later on the street. The tune, no matter how “safe”, will make no difference, except if it is

detonating which will guarantee a very short engine life.

A stock 4.6 modular motor (2V) will start living on borrowed time, with a stock lower end at anything above about 375 rear wheel horsepower. The blocks themselves are very strong and can often take 1000 HP with the right rotating assembly. Stock 5.4 modular motors (2V) in Lightnings are very close to the cylinder pressure limit right from the factory, so be careful with these motors

as well. 4.6 Cobra motors (not ‘03-’04) are safe maybe to about 450 rear wheel horsepower. 2003 - 2004 Cobras are safe, when properly tuned to well above 600 rear wheel horsepower. 4.6 3V motors seem to be safe at about 475 rear wheel horsepower.

Is it safe to remove IMRC’s in a vehicle? And what needs to be done to the tune to eliminate them?
The IMRC’s or intake manifold runner controls, essentially change the conﬁguration of the intake manifold with butterﬂy valves to increase low end torque in a naturally aspirated engine. Removing them in a stock motor adds

nothing except less low-end torque. On a blower or turbo car, they can be removed physically, and in the tune you can either disable them with the IMRC switch, or

you can set the on/off triggers beyond stock settings so they do not work.

I’m trying to tune an automatic vehicle equipped with aftermarket cams, and I’ve
got it idle really good and drivability is good, except occasionally when it’s put from park to drive or reverse it stalls. Is there anything that can be done?
Try setting the idle speed in drive slightly higher than the idle speed in neutral. This should solve the problem.

In an Eaton or twin screw supercharger where does the fuel pressure regulator, or fuel pressure sensor vacuum line go?
Just like any other supercharged vehicle, the fuel pressure regulator or the fuel pressure sensor line must be on the boost side of the blower. Usually the intake manifolds and blower discharge manifolds are equipped with hose connections to

do this.
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I have a 2002 Mustang GT with a supercharger kit installed. One day while driving
it just died and would not start. Could anything in the tune has caused this?
Probably not, one thing to look for in any blown returnless fuel vehicle is a defective fuel rail pressure sensor. These often go bad and sometimes can leave you stranded.

It’s a good idea to carry a spare in whatever tools are necessary to change it when this happens. Sometimes, instead of dying it will just start running terribly. You

can usually pinpoint the problem by checking the diagnostic trouble codes and/or datalogging the appropriate parameters.

Is there any rule of thumb for adding timing when fuel octane is increased?
Generally, when you have a base tune established for one octane you can use

rough estimates of what different octanes will do. For example, if you established

a detonation free tune using 91 octane and wish to use 89 octane, pull about 3° of spark. If you go from 91 to 93 octane than you can probably get by with adding 3° spark. Race gas is a little trickier because it comes in different octane ratings but

you can apply the same rule of thumb to it. It is never recommended that you run

87 octane on any modiﬁed vehicle whether it be a high compression engine or an engine with some type of power adder.

Will a tune change over time?
Aside from adaptive changes brought on by the fuel trims there really shouldn’t be any changes in the tune caused by environmental factors. If you set up the adaptive tables as recommended, then there should not be any learning at wide-open throttle. Therefore, the wide-open throttle will not change. Just because the tune will not change doesn’t mean that the performance of the vehicle will remain the same. Different atmospheric conditions, altitude, and engine wear and tear can affect performance. Most often when someone thinks something changed in the tune to affect the vehicle performance, it turns out to be a sensor that has worn or gone

bad or some other mechanical issue. Often times, running a code check and ﬁxing all codes, cleaning the MAF sensor, adding new spark plugs and other ignition components will alleviate the problem.

On a turbocharged vehicle the dipstick keeps blowing out under boost, any suggestions?
To maintain federal emissions standards you must keep the PCV system intact. Often times this is caused by engine blow-by or insufﬁcient engine ventilation. Sometimes check valves in the system can keep this from happening. For off-

road use you can eliminate the PCV system, plugging the vacuum port and adding breather lines from the valve covers that go to breather style catch cans. You’ll also need to plug the PCV port unless it’s in the valve cover, in which case you can use it for the breather line.

136
Will my motor breathe better if I add ﬁlters to the valve covers instead of the solid oil cap?
With a functioning PCV system you cannot do this. All the air that’s in the engine has been metered by the mass air meter, if you introduce additional air via the breathers than your adding unmetered air. This will cause a lean condition by the

addition of the unmetered air. Sometimes this can be tuned around but other times it cannot.

How do you eliminate the annoying 1-4 skip shift in a GM vehicle?
The computer aided gear selection ‘feature’ in GM vehicles can be eliminated easily by opening up the CAGS folder in scalars and using the enable logic switch to turn

it off.

[image: image112.png]
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MAF, EGR, CAGS, I’m really confused by all the acronyms?
ABS
Anti-Lock Brakes

AFR
Air To Fuel Ratio.

ACT
Air Charge Temperature

CAFÉ
Corporate Average Fuel Economy CAGS
Computer Aided Gear Selection CAN
Controller Area Network

CARB
 California Air Resources Board CCS
 Converter Clutch Solenoid CMCV
 Charge Motion Control Valves CEL
Check Engine Light

CL
Closed Loop Operation

DCL
Data Communication Link

DIS
Distributorless Ignition System

EEC
Electronic Engine Control ECM
Electronic Control Module ECU
Electronic Control Unit

ECT
Engine Coolant Temperature

EDIS
Electronic Distributorless Ignition System

EFI
Electronic Fuel Injection.

EGO
Exhaust Gas Oxygen Sensor EGR
Exhaust Gas Recirculation. EGT
Exhaust Gas Temperature. EPC
Electronic Pressure Control EVAP
Evaporative Emission System EVP
EGR Valve Position Sensor.

HEGO
Heated Exhaust Gas Oxygen Sensor

HEI
High Energy Ignition. IAC
 Idle Air Control

IAT
Intake Air Temperature

IMRC
Intake Manifold Runner Control

ISC
 Idle Speed Control KAM
Keep Alive Memory KS
Knock Sensor

LFT
Long Term Fuel Trim

MAF
Mass Airﬂow Sensor

MAP
Manifold Absolute Pressure Sensor. MIL
 Malfunction Indicator Lamp

MLPS
Manual Lever Position Sensor

NA
Naturally Aspirated OBD
On Board Diagnostics. OL
Open Loop

PCM
Powertrain Control Module

PCV
Positive Crankcase Ventilation. PIP
Proﬁle Ignition Pickup

PPRV
Positive Pressure Relief Valve

PSI
Pounds Per Square Inch

ROM
Read Only Memory. RPM
Revolutions Per Minute

SEFI
Sequential Electronic Fuel Injection

SPOUT
Spark Output Signal SFT
Short Term Fuel Trim TDC
Top Dead Center

TB
Throttle Body.

TOT
Transmission Oil Temperature

TP
Throttle Position

TPS
Throttle Position Sensor

VIN
Vehicle Identiﬁcation Number. VSS
 Vehicle Speed Sensor

WOT
Wide Open Throttle.

DIABLOSPORT
SALES, TUNING & TECH SUPPORT
1865 SW 4th Ave, Suite D2
Delray Beach, FL 33444
DIABLOSPORT CORPORATE HEADQUARTERS
3500 NW Boca Raton, Suite 501
Boca Raton, FL 33431
Copyright Diablosport, 2008, All Rights Reserved
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2000 RPMs�
�
PID�
Result�
Comment�
�



Short Term Trim Bank 1�



0.907 or -9%�



Trims have changed slightly: 0.91�
�
Short Term Trim Bank 2�
0.902 or -9%�
�
�
RPM�
2000�
�
�
MAP�
45�
�
�
MAF Frequency�
2100�
�
�
Load�
0.46 or 46%�
This is normal�
�
Spark�
21�
This is normal�
�
ECT�
193�
This is normal�
�
Oxygen sensor voltage�
0.46/0.47�
This is normal�
�
Battery voltage�
13.3�
This is normal�
�
Fuel Pressure�
43.8�
This is normal�
�
Fuel pump duty cycle�
31%�
This is normal�
�
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You will have added range now and you will not exceed the preset limits of airﬂow.
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