SharkPlotter Manual

Introduction

"SharkPlotter" is a companion program for JDSPorsche's " SharkTuner" for the Porsche
928. The purpose of SharkPlotter isto assist with the review of data that was logged from
SharkTuner and to provide some tools for further optimization of fuel and ignition tuning.
It provides plots of AFR vs. MAF load and RPM for the LH processor, plots of knock
events vs. load and RPM for the EZK, and the ability to manually or automatically adjust
the LH and EZK maps for the best "fit" with the data and review the results.

The simplest use of Sharkplotter isto go for adrive and log data with the SharkTuner,
then take the data home and review it. And then, if needed, make adjustments to the maps
over the conditions that were encountered. Changes can either be made manually (in the
same fashion as adjusting a SharkTuner map) with the effects shown on the plot, or
automatically optimized against atable of desired AFR values. Knock events can also be
displayed and related to fuel status, and ignition timing can be retarded as necessary
either manually or automatically.

The basic SharkPlotter window is shown below. The main window areais a color-coded
AFR plot on agrid that matches the LH correction map, engine load (SharkTuner's"MAF
signal/absolute™) vs. RPM. Air/fuel ratio is shown as color, from yellow as too rich
through green and blue (stoich) to purple and red astoo lean. The plot is scaled to actual
MAF and RPM values, with each grid-square represents a LH adjustment "cell" (hence
the irregular grid).
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The plot above shows a basic fuel plot, in this case a consolidation of four Shark Tuner
log files from casual driving on local twisties with the O2 sensor (NBO2) turned off for
logging. The large "dots" are WOT throttle (>2/3 throttle approx) asindicated by the
throttle switch. Grey dots are disabled points from idle-switch fuel cutoff. The grid lines
represent LH map cells.

Clicking on acell will select that cell and show more information in the status-bar, for

example:
I:I 'I AFR=14.2 SDev= 0.5 M= 152

The average A/R fuel ratio for thiscell is 14.2 with a Standard Deviation of 0.5 (i.e. 2/3
of al the points lie within 0.5 of the mean), and there are 162 points logged in this cell
(the more points, the more meaningful the results). So if the goal for thiscell is 14.7 then
the fuel needs to be increased by 3.5% (0.5/14.7 * 100), or about 17 map counts (0.2%
change per count). This can be done manually with the keyboard or with the "Adjust LH
map" tool (seethe "Tuning LH" section below).

A "point" mode can also be selected (El: button), the cursor will then highlight or
select individual points, showing the AFR for that point.

A text-log panel can also be shown ("Data Log" from the View menu). When data points
are selected on the plot the corresponding line is selected on the datalog. The arrow keys
can be used to select previous/successive points (allowing the drive to be "recreated"),
and arange of points can be selected by holding down the "shift" key.
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A time-plot for RPM, MAF and AFR can also be shown across the bottom of the plot
("DataPlot" from the View menu). Initialy this shows the entire time-span of the
selected log files, the plot above has been "zoomed" by clicking and dragging on the
time-axis labels below the plot. (Use the ESC key to return to normal zoom). Again,

pg. 2/25



points selected on the fuel plot are highlighted on the data time-plot (and log panel if
visible), and vice-versa. The stats are shown at the bottom of the window. See "Data
Graphs' for more details.

If Knock-retard values are logged then the plot will also show knock-events, there are a
few high-load/low-RPM knocks in the plot above, some around 1900 RPM and one at
2800. (Thisisastock S4. Most knocks happen in the 3300-4000 RPM max-torque area
but the $4 ignition is pretty retarded there—this is a horsepower opportunity with careful
tuning).

"Mousing-over" aknock event will display information about that knock:
X

% aFR=135
knock: 3 cyls, max=3.0°

SharkPlotter also provides separate windows for managing LH and EZK maps (similar to
SharkTuner's map windows), and a Project window for managing project files.

SharkPlotter assumes that al SharkTuner log files are stored in one place, with a separate
folder for each "Project” (i.e. for each car), and separate folders under that for each
"Session" (aset of log "run” files recorded with the same maps). This organization does
not have to be used—SharkPl otter can utilize log files stored anywhere—but using the
Project window makes it easier to keep track of things.

The next section will do a quick walk-through for a car in areasonable state of tune (a
relatively stock $4). Subsequent sections will describe each program window and
function in detail, followed by some more detailed technical information which may be of
interest.

A caveat: Remember that SharkPlotter, and SharkTuner, are tools. Like
many tools they can, if misused, cause damage. The hazards of some
tools, like hammers, are obvious. That is not the case with software
programs, so please take the time to read this manual and the SharkTuner
manual carefully before taking on a tuning project. If you are not sure how
to proceed then ask, see the support information at the end of this manual.
The knowledgeable folks on Rennlist may also be able to offer help and
advice, but exercise a bit of caution with an public forum.

Happy tuning!!
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Quickstart Guide

In order to use the SharkPlotter software, data must first be logged from the SharkTuner.
This can be done on the road or with a series of dyno runs. Basic fuel tuning can easily be
done on the road, while ignition tuning for max horsepower is done most easily with a
series of carefully-planned dyno runs.

For cars originaly fitted with catalysts and an O2 sensor, the LH operatesin a"closed-
loop" mode for lighter engine loads, automatically adjusting AFR as needed. Tuning
should be done in open-loop mode, without these automatic adjustments. The simplest
way to force open-loop operation for cars equipped with O2-sensorsis to disconnect the
02 signal lead from the LH. This can be done by inserting a "test" switch into the black
wire from the NBO2 sensor (i.e. on the sensor side of the NBO2 disconnect under the CE
panel). A "pigtall" cable is available from JDSPorsche to accomplish this (along with
providing convenient connections to a WBO2 sensor). Open the switch to log datafor
tuning, closeit for normal operation. Also be sure to disable and reset "O2-adaptation” on
the Fuel-parameters page.

To start logging, start the SharkTuner software and download from PEM's (File menu).
To log open-loop (without using the NBO2 sensor) either open the "test switch” (above)
or select the "Fuel parameters’ tab and select "Force non-cat mode” (center of window),
and verify that "CO Pot in non-cat mode" is disabled (lower-left).

Next, save a copy of the base fuel map. Do this by selecting SharkTuner's "Fuel maps’
page, select the appropriate base-map ("no-cat" if the car does not have an O2 sensor or
the "Force no-cat" option was selected, "cat" otherwise). Select all map cells, this can be
most easily done by clicking the upper-left gray border cell (not the upper-left table cell),
the entire map is then selected. Then press the Ctrl-C keysto copy these cells to the
Windows clipboard. Now start SharkPlotter and click the "Open project” button. For
first-time use click "Browse" and select the SharkTuner logs folder (create anew oneif
needed), then click "New Project” to create a new project-folder if needed, then click the
"New Session” button. The default folder-name is the date (in year-month-day format to
assist with sorting), add any desired description. Then click the "Paste” button to the right
of the "Fuel map" box, thiswill create afile and save the copied fuel map.

Then select the "Data Logging" tab and select the desired parameters. Select "RPM™,
"MAF signal (absolute)" "A/F ratio" and "O2 sensor adj" from the "Fuel Variables' box,
and "Knock retard" and "Load" signals from the "Ignition variables" box.

. 8harkTuner
Ele Edt Tools Help

EPROM' Fuel parametersl Fuel mapsl Fuel system monltorl Ignitian parametersl lgnitian mapsl Ignitian systerm monitar  Data logging

Fuelvariables to log Ignition wariahles 1o log Auxinputs to log
¥ RPM I” Coolanttemp (* C) I” RPM [ Throtls pastior)
v MAF signal (absolute) [ Coolanttemp (*F) [v' Ignition advance [v' Knock retard
[ MAF signal (%) [V Throtile position v Load
|_ MAF waoltage |_ Battery voltage |_ knock count
[V AfF ratio [ Flappy position [~ AfFratio -
. . Configure aux inputs...
[ Injection pulse width [v' 02 sensor adj [v Coolanttemp {*C)
[ Injectar duty cycle [~ Coolanttemp (*F) |—Trigger
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A logging rate of 10 samples/sec is generaly adequate. Remember that Sharktuner log
runs are limited to 5000 samples per run (about 8 minutes at 10/sec), and afaster sample
rate will require restarting the log more frequently.

The figure above shows the suggested parameters for logging if PEM's are fitted to both
LH and EZK. Note that "Throttle position” was selected from the LH side, thisis because
the WOT switch is often disconnected from the EZK in order to disable the separate
WOT ignition map.

Then go for adrive. The goal is simply to collect data over awide range of driving
conditions, and a co-pilot is handy to start and restart the SharkTuner's data logger as
needed. When alogging run gets near 5000 lines (i.e. close to 500 seconds in the first
column), click the "stop/start" button twice to stop the log and start the next. (If it reaches
5000 lines and stops, then just click the button once to restart). When finished with
logging then save each run by clicking the "save run" button, saving the files into the
session folder that you created above. Use the normal "Run 1" file names, an additional
notation can be added to the file-name if desired but retain the origina "Run 1" so that
SharkPlotter will recognize the log files and show them chronologically.

When you are done, open SharkPlotter and click the Open-project button (or "Open
Project” on the File menu) and most recent project/session fileswill open. Click "OK".
SharkPlotter should be showing the logged data as an air/fuel plot versus RPM and MAF
signal. Ideally the light-load areas (upper half of the plot) are stoichiometric or nearly so,
and the high-load areas (lower half) are abit richer (e.g. 13.2) for optimum power.

SharkPlotter [2009-03-27: Run 1, Run 2, Run 3, Run 4, Run 5]
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The color isthefirst indication of fuel status, a stoichiometric mixtureisindicated by a
blue-green color. Green or green-yellow is dightly rich, desirable for max power in open-
loop mode (higher loads or WOT), and yellow is overly rich, 12:1 or richer. Purple and
red indicate overly-lean mixtures and are a cause for concern especially in the higher-
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load cells. (This plot shows atypical $4, pre-SharkTuning: some lean spots, and overly
rich in the lower-right high-load/higher RPM area of the plot).

Now open the Fuel-Maps from the Window menu. The first "Reference” tab is the base
fuel map that you copied and saved. The next tab is for adjustments (more in a moment),
and the third tab is the resulting "Updated" map. Click on the last tab—thisis the "Target
AFR" map, which SharkPlotter will useto adjust the fuel map. Verify that this represents
the desired AFR for the various map areas, select cells and use the "+" and "-" keysto
adjust. The light-load areas should be stoichiometric (14.7) or slightly rich, moderate |oad
should trend towards richer, and high-load areas should be 13.2 for best horsepower, or
richer as desired for protection with boosted engines.

Now go back to the main window. To have SharkPlotter automatically adjust the fuel
map to the target AFR's, select "Adjust Fuel Map" from the Tools menu. SharkPlotter
will scan the fuel map and adjust each cell as close to the Target AFR as possible,
iterating afew timesin order to do the interpolation between cells in the same way that
the LH does. When it finishes (afew seconds), open the Fuel Maps window again, select
the "Updated" tab, check for any goofy points and click the "Copy" button. This places a
copy of the updated map in the clipboard, where it can be transferred back to
SharkTuner's base fuel map (click the upper-left cell and type Ctrl-V to paste).

If there are excessive knock events (large " X" symbols) then the ignition map can be
similarly adjusted with the "Adjust Ignition map" selection from the Tools menu. Once
complete select "Ignition maps" from the Window menu, check the results on the
"Updated” tab, and copy this to the Shark Tuner's EZP maps page as above.

The following sections will cover these topics in more detail, starting with project
management.
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Project Management

Effective use of the SharkPlotter depends on keeping log files and maps organized. There
are many ways to do this, but arguably the ssmplest— and the and the and the method
supported by SharkPlotter— is to create afolder for log (and map) files, under that create
foldersfor each project (i.e. different cars, or different developments for one car), and
under that create folders for each tuning session for a series of logs created with the same
maps, and a copy of those maps. After each session the logs can be reviewed with
SharkPlotter, adjustments made as needed and then copied back to the SharkTuner, and a

new session begin.

SharkPlotter supports this organization with the "Project Management” window. To start
anew project or open an existing one, select "Open Project” from the File menu.

Project Manager

—SharkTuner Log
SharkTuner Log Files Folder:

Current Froject
|'86 54

Current Session
e - 109-03-27

Log Files
Fur 1.t
Fun 2 tet
Fur 3t
Four 4 tet
Run 5.t

|3\Cars'\,Pc:rsu:he 9284Black boxes & TuningySharkTuneriLog Files),

ll Mew Project |
Mew Session |

Starting LH Fuel Map:

Browse |

[

—|base map. b

Starting EZK Ignition hMap:

j Paste |

ll Faste |

Cancel |

Thefirst box isthe overall log folders,
and below that is a selection box for
the current project. Thisisa pull-down
box, click thelittle arrow to see alist
of available project folders.

Current Froject
Unln] ::'q

Brows

i

MNew Project

j Mew Session |

pg. 7/25



To create anew project click the "New Project”
button and enter a name for the new project.

(The name must be alegal filename, avoid the MNew project name:
characters/\:* ?" <>|). |

Create New Project Folder

(0]4 | Cancel

Once aproject is selected then a session can be _
selected from the "Current Session" box. Thisis ‘_ B =1 NowSession |
also a pull-down box, click the arrow and select S

an existing session folder from the list. And a

new session can be created with the "New Session” button in the same fashion as a new
project, creating a new, empty session folder.

If an existing session folder is opened then all text filesin
that folder will belisted inthe "Log Files' box. Files that
appear to belog files (i.e. have "Run" as part of the

filename, and contain the minimum required data—Time,
RPM, MAF, AFR—uwill be checked and displayed in the
main AFR plot. Other files can be selected (checked), but
if they are not the correct format then error messages will appear.

If fuel and ignition maps are found then these are also listed, and loaded for the current

plot. Initial map files are recognized if they contain Starting LH Fuel Map:

"initial”, "base" or "starting" as part of the file name, and - |base map bt ﬂﬁl
either "fuel” or "LH" for fuel mapsand "Ign” or "EZK" Starting EZK Ignition Map:

for ignition maps. Alternately afuel or ignitionmapcan | ~| Paste |

be copied from the SharkTuner's Fuel-maps or Ignition-
maps tab and pasted into SharkPlotter by clicking the appropriate "Paste" button. This
creates an appropriatel y-named file, saves the map and opens thefile.

Organizing project and session foldersin this hierarchy under acommon "logs" folder is
convenient and is supported by SharkPlotter's Project-Manager window, but is certainly
not required. Log files and maps can be saved anywhere in any desired arrangement, and
opened with the "Open Log File" and "Load map file" selections under the File menu.
These menu selections display the standard Windows file-open dialog allowing selection
of any folder. Multiple log files can be opened together by holding down the Shift or Ctrl
keys while selecting files, in the usual Windows fashion.
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Logging data from the SharkTuner

In order to use the SharkPlotter software, data must first be logged from the SharkTuner.
This has been discussed above in the "Quick Start" section, this section will add some
additional detail.

Oneissue for fuel tuning is that the LH, when fitted with an O2 sensor, automatically
adjusts AFR with a closed-loop control loop in "cruise” mode (i.e. for lighter engine
loads). Thisis necessary for the use of catalytic converters which require an average AFR
very close to stoichiometric to operate properly. The LH achieves this with closed-loop
correction based on O2-sensor readings—both a short-term "O2-adjust" correction in
addition to alonger-term "O2-adaptation” correction which is stored the LH memory. See
"LH Basics' for more information.

The O2-adjust correction can be logged by the SharkTuner and can be used as the basis
for adjusting the LH map in the lighter-load areas. (This won't work for the higher-load
map areas and WOT, because the LH will be in open-loop mode).. It is more accurate,
however, to disable the LH's closed-loop mode and operate it open-loop (with fuel based
strictly on map values), and then use the logged WBO2 values as the basis for map
adjustments. The SharkTuner's "Autotune” function does this by forcing open-loop
operation using the normal "cat" maps. This mode cannot be selected for the logging
function, but there are two other alternatives.

As discussed, open-loop operation can easily be selected by fitting a "tune" switch to
disconnect the NBO2 sensor signal lead (the black wire on the sensor side of the NBO2
disconnect under the CE panel). Open the switch to log data for tuning and close it for
normal operation.

The other method of selecting open-loop operation is to select the SharkTuner's "Force
no-cat operation” option on the Fuel-parameter page. Thiswill switch the LH to open-
loop operation, but will also select the "no-cat” maps. So it is aso necessary to copy the
contents of the "cat" base map to the "no-cat" map, so that the same base fueling will be
used as for normal operation. Also be sure to disable the CO-pot unless one isfitted,
otherwise the LH will read the open-circuit CO-Pot connection as a maximum pot value
resulting in excessive fuel.

And always be sure to disable and reset "O2-adaptation” on the Fuel-parameters page, to
prevent the LH from adjusting fuel values from previously-stored adaptation values.
These values are reset when the power isinterrupted to the LH (i.e. battery disconnected
for aperiod of time) but do the disable/reset to be sure.

Selection of log variables

For tuning fuel, the required parameters are "RPM", "MAF signal (absolute)”, and "A/F
ratio" (from the WBO2 sensor). To check closed-loop fueling (or to verify that open-loop
operation was correctly selected) "O2-adjust” should be added to thislist, aswell as
"Throttle position” to log the idle and WOT switches. For the EZK, the variables "Knock
retard" and "Load" signals should also be logged in order to monitor knocks and make
any needed timing-map adjustments,.
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Some parameters are duplicated on both the LH (fuel) and EZK (ignition) side, e.g.
coolant temp. In general it is better to log these from the EZK side asthe data-rateis
faster. The exception is A/F ratio, sinceit isread directly from the WBO2 sensor and not
viaeither the KH or EZK then it can be logged from either side without any effect on the
datarate.

A logging rate of 10 samples/sec is generally adequate. With a minimum selection of LH
variables (RPM, MAF-signal/abs, A/F ratio) arate of 20/second can be selected but the
LH can't quite keep up, so the actual data rate will somewhere between 10 and 20
samples per second. Remember that Sharktuner log runs are limited to 5000 samples per
run (about 8 minutes at 10/sec), and a faster sample rate will require restarting the log
more frequently.

To start logging, start the SharkTuner software and download from PEM's (File menu).
To log open-loop (without using the NBO2 sensor) either open the test-switch or select
the "Fuel parameters’ tab and select "Force non-cat mode” (center of window), and verify
that "CO Pot in non-cat mode" is disabled (lower-left). Finally select the "Data Logging"
tab and select the desired parameters. Asaminimum, log "RPM", "MAF signal
(absolute)" and "A/F ratio” on the LH side, plus "O2 sensor adj" for closed-loop
operation.

= SharkTuner _ [O] %]
Ele Edt Tools Help
EPROM' Fuel parametersl Fuel maps' Fuel system monitorl Ignitian parametersl Ignitian maps' Ignitian eystem monitar  Data logging |
Fuel variables to log Ignition warishles o log —Aux inputs to log
[ P I Coclanttemp (* C) I FP
v MAF signal (absolute) [ Coolantternp (*F) [v Ignition acvance [v Knock retard
[ MAF signal (%) [V Throtile position v Load
|_ MAF waoltage |_ Battery voltage |_ knock count
|7 AAF ratio |_ Flappy position |_ A4F ratio .
. . Configure aux inputs...
[~ Injection pulse width [v 02 sensor adj [v Coolanttemp (*C)
[ Injectar duty cycle [~ Coolanttemp (*F) Tt
: Mone (start
Knock counter Logging rate . :
; digtely)
Start lagging Stopped _ | | mine
—l i 10 2 " WOT switch
samples persec " RPh4 > 2000

The figure above shows the suggested parameters for logging if PEM's are fitted to both
LH and EZK. Note that "Throttle position” was selected from the LH side, thisis because
the WOT switch is often disconnected from the EZK in order to disable the separate
WOT ignition map.

When alogging run gets near 5000 lines (i.e. close to 500 seconds in the first column),
click the "stop/start” button twice to stop the log and start the next. (If it reaches 5000
lines and stops, then just click the button once to restart). When finished with logging
then save each run by clicking the "save run" button. Be sure to select the appropriate
session-folder so that SharkPlotter can find the files. Use the normal "Run 1" file names,
an additional notation can be added to the file-name if desired but retain the original "Run
1" so that SharkPlotter will recognize the log files and show them chronologically.
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Description of SharkPlotter Windows

Main Fuel-plot window

The main SharkPlotter window isan AFR (Air/Fuel Ratio) plot, showing individual
logged data points as colored dots plotted against RPM on the horizontal axis and engine
load (MAF signal/absolute) on the vertical axis. This correspondsto the LH's base
correction map and allows easy visualization of which cells need adjustment.

The color-coding is shown as an AFR scale, a colored bar which shows which colors
correspond to what AFR. Red indicates too lean, blue/green is stoich, dlightly rich is
green and excessively rich is yellow. This scale can be moved as desired (click and drag)
and disabled with the View menu.

There are two buttons to select the mouse mode: Cel Is(El), or Points (i|). In"Cells"
mode (the initial selection) moving the mouse over the plot will "highlight” the cell under
the cursor with an outline box, and the average AFR for the points in that cell will be
shown in a"hint" that follows the cursor, along with the deviation and number of points.

If the plot is clicked then the highlighted cell becomes "selected”, shown by outlining the
cell and fading the non-selected cells. More than one cell can be selected by holding
down the "Ctrl" key while clicking on additional cells. The status-bar then shows the
statistics for the selected cell (or cells): the average (mean) AFR, the standard deviation,
and the number of points.

Point mode works similarly except individua data points are highlighted by being
brought to the top with a border, and the AFR for that point is shown. If the plot is
clicked then that point becomes selected and the AFR is shown in the status-bar, along
with any knock information.

Copying maps to/from SharkTuner:

To update the LH base fuel map in the SharkTuner, the map must first be copied from
SharkTuner to SharkPlotter. Select SharkTuner's fuel-maps page, make sure the
appropriate base-fuel map is selected and then select all of the map cells. This can be
most easily done by clicking the upper-left gray border cell (not the upper-left table cell),
the entire map is then selected. Then press the Ctrl-C keysto copy these cellsto the
Windows clipboard. Then either open SharkPlotter's Project window and use the fuel-
map "Paste" button, or open the Fuel-maps page, Reference Map, and click "Paste Map"
(or pressthe Ctrl-P keys).

Some things to note

First, for cars with NBO2 sensors running in closed-loop ("Cat") mode, remember that
under most conditions the LH processor uses the NBO2 sensor to drive the AFR back to
stoich, AFR=14.7 (See "LH Basics" below). So changesto the LH base fuel map really
make no difference aslong as the LH is running closed-1oop, other than keeping the AFR
correction "centered". However there are plenty of times that the LH will run open loop:
higher RPM's and |oad (even without the WOT switch), during warmup, and of course if
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the NBO2 sensor quits working. In particular, overly-lean conditions should be avoided,
while dlightly-rich conditions can provide a "safety net”.

Also remember that MAF's tend to "age lean”, i.e. estimate lower airflow with age,
causing less fuel and leaner AFR's. The effect can be as much as 3%, or 0.4 AFR (avery
approximate number), beyond this the MAF should certainly be replaced. Rebuilt units
are available from JDSPorsche.

And keep in mind that any engine fueling is a compromise, and having lots of data
doesn't imply lots of precision. There will be variation of AFR in the plot, no matter how
good ajob you or SharkPlotter does with optimizing the fuel map.

Log Panel

It is often useful to review the log data for specific points, particularly "outliers’ which
don't make sense on the AFR plot. SharkPlotter offers alog view which is linked to the
plot, select "Data Log" from the View menu to display this. The size can be adjusted by
dragging the "splitter" bar between the log and the AFR plot.

To select aspecific point in the log, first click the "point" button (ElT) and then select
apoint. The corresponding line in the log will be selected (highlighted) and brought into
view. Successive (or previous) points can be selected with the up/right or down/Ieft keys.
Holding down an arrow key "drives" the selection up and down the log, highlighting
corresponding points on the plot (or vice-versa). While fun, the utility is limited.

To select aseries of points, hold down the Shift key while pressing the arrow keys.
Multiple individual points can also be selected by holding the Ctrl key. Statistics for the
selected points are shown in the statusbar at the bottom of the window.

Data Graph panel

It is also sometimes useful to view the data as a graph versus time, in order to pick out
particular segments (e.g. arun through all the gears at WOT) for further review. To show
the data graph panel select "DataPlot" from the View menu. Initially this shows the
entire time-span of the selected log files, but can be "zoomed" by clicking and dragging
on the time-axis labels below the plot. (Use the ESC key to return to normal zoom).

Again, points selected on the fuel plot are highlighted on the data graph, and vice-versa.
To select asingle point, click it on the graph and it will be highlighted on the AFR plot
(and dso inthelogfile, if visible). To select arange of points (e.g. aWOT run) click on
the first point, hold down the Shift key and click the fina point. The corresponding points
will be highlighted in the AFR plot (and also the log, if visible). Press the ESC key to un-
select, and again if you want to un-zoom (if zoomed).

Points can also be selected on the main AFR plot, and will then be highlighted and
scrolled into view on the Data graph and Log file panels, if visible. This provides an easy
way to pick out interesting or anomalous points on the AFR plot and investigate them
further. For example, the plot below was a casual drive in the countryside with a couple
of short (second-gear) WOT runs. Clearly the mixture istoo rich at the top end ($4 with
stock maps), how does the rest of that run look?
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First selecting one of the points near max RPM, that will highlight it both on the graph
and in the log data. Then zoom the graph around that selected point until the beginning
and end of the short WOT run is seen. Then click the beginning on the graph to change
the selection point, then hold down the Shift key and click the end of the run, to select all
of the points. The result is shown below.

SharkPlotter '88 54 [2009-04-30 (nbo2 off): Run 5, Run 6, Run 7, Run 8]
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This segment started with light throttle at around 1200 RPM (indicated by low MAF |oad
numbers). Then throttle was slowly rolled on until around 3600 when WOT switch was
tripped (84.60 in the log). The AFR was pretty reasonable up to that point, then became
excessively rich.

The stats for this selection of points are not very meaningful because of the number of
different cells that were traversed, but selecting a smaller range of similar points would
provide good data for adjusting the fueling.

It is also easy to extract this short segment into a separate file—with the interesting points
selected thisway, just select Edit menu, Copy (or Ctrl-C from the keyboard). This selects
the lines from the original log for this selection into the Windows clipboard. Open
Notepad document (or some other editor) and paste the selected log except. Thisallows
pulling individual "strands" out of the plate of spaghetti that results from most over-the-
road driving.
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Fuel Maps Window

Fuel maps can be viewed in a separate window, select "Fuel Maps' from the Window
menu. The Fuel maps window has four tabs, representing four different maps. From the
left the "Reference” map is the base fuel map that was in use when the data was recorded;
the "Adjustments" map represent changes that have been made to this map, either using
SharkPl otter's auto-adjust functions or manually; the "Updated” map is the resulting map
to be copied back to SharkTuner if desired (i.e. Reference map + Adjustments map); and
the "TargetAFR" map isthe desired AFR for each cell, to be used by SharkPlotter's auto-
adjust function.

LH Fuel Maps M=l E3
| | Adjustments | Updated Map | TargetAFF’il

500 [700 [990 [1200[1400]1700{1800|2000]2400]2800(3300]3700[40004800{5600(6200]
36 -26 -13 -18 -16 -23 (=22 -12 & -1 1 7 2 -0 -2 28
2 |4 26 13 18 6 23 22 12 5 1 1 7 |z -0 -2 -8
B |4 26 13 18 6 23 27 17 10 6 4 2 -3 -0 -2 -3
84 |4 26 24 24 21 23 22 17 & 3 & 7 |7 112 B
100 |4 26 26 32 32 25 2% 17 10 5 4 & 3 -7 20 12
116 |13 29 |37 -3 3% 16 19 9 11 -3 4 2 2 7 13 73
132 |32 19 38 4 %2 11 & 3 3 1 B 4 4 1 18 25
164 |42 31 37 26 12 5§ & 5 2 1 4 -3 4 0 27 &0

180 |-31 -36 42 -21 4 4 -10 1 2 -3 |5 10 & 15 45 65
196 |42 -24 -32 -9 |3 11 |11 B n -6 -3 0 -5 -1 B0 73
212 |44 -35 22 -3 3 11 |11 B n 15 -3 -2 1 19 &1 |77
2zg |- 23 11 -3 3 11 |11 B n 15 -3 -2 4 12 54 96
260 |29 -30 11 -3 |3 11 |11 B o 15 |-3 -2 14 289 BY 96
324|129 -30 11 -3 3 11 |1 B o 15 |-3 -2 14 289 BY 96
450 |10 10 25 33 3% 38 |52 120 (115 100 58 BE 127 107 127 127
516 |10 10 25 33 3% 3§ |52 120 [115 100 58 BE 127 107 127 127

Copry Map | Paste Mapl [v¥ Stay On Top Close |

Cell values can be copied from or pasted into each page. To copy part of a map, select the
desired cells or click one of the header buttons to select a column or row, then press the
Ctrl-C keys. To copy the entire map either select all of the cells (with the mouse or click
the upper-left border button) and then Ctrl-C keys, or click the "Copy Map" button- this
will copy the entire 16 x 16 map.

Cell values can be pasted into a map from another source (e.g. from a Shark Tuner map or
from a saved map opened in Notepad or some other editor). Select and copy the cell
values from the source, and then select the upper-left corner of the destination area and
press the Ctrl-V keys, or click "Paste Map" to paste an entire 16 x 16 map. It isalso
possible to paste arow or column (or part of one) into alarger arearepeating as needed,
provided that one dimension matches. Or a single value can be pasted into any array of
selected cells. If the shape of the selected destination areais not consistent with the
source area then an error message is displayed.

Changes can be made to individual cells or a selected area of cells on any of the pages.
Select the appropriate cell(s) with the mouse and then use the '+' and '-' keys to increment
or decrement the values by one count, and hold down the Ctrl of Shift keysto
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increment/decrement by 10 counts. Alternately the "QAWS' keys can be used in the
same manner as for making map adjustments SharkTuner (+1, -1, +10, -10 respectively).

Changing one map updates the others. Changing "Reference” or "Adjustments’ maps
(either pasting new values or making changes with the keyboard) also updates the values
shown in the "Updated" map, and changing the "Updated" map updates the values shown
in the "Adjustments’ map. This latter function can be used to compare two maps: Paste
the Reference map first, then the Updated map, and the resulting differences will be
shown in the "Adjustments’ map.

The "Stay on top" check-box at the bottom of the window will keep the Fuel map
window on top of other windows even if focusis switched away.
Ignition Maps Window

The Ignitions maps window (selected from the Window menu) is similar to the Fuel maps
window, and has three tabs for Reference, Adjustments, and Updated maps for ignition
advance.

EZK Ignition Maps
Feference hap |Adjustments | Updated kap |

560 [680 [870 [1200[1400]1900{2400(3000]3200]3400(3900]4200[4500{5300]5800(6200]
3 128134 147 157 199 234 258 260 263 265 264 269 274 275 2748
9 [165 128134 147 157 133234 276 27.9 281 234 283 287 292 293 237
16 |16.5 128134 147 157 133 257 235 29.8 300 302 301 306 31 312 316
22 |165 128134 147 157 133 257 336 339 341 344 343 359 364 372 376
28 |17.7 146 16.4 196 206 241324 366 38.0 333 385 384 396 41.2 425 428
34 |158 176194 237 255 282 306 348 350 360 362 361 366 382 395 406
A1 |147 165187 21.9 247 253 294 325 328 330 332 343 359 364 365 368
47 |12.8 146 175 207 217 241276 318 328 330 332 331 347 352 353 357
53 |48 128 164 196 195 224 257 235 309 323 314 313 336 341 353 357
B9 |38 85 (127 166 187 224 234 265 279 293 265 283 306 322 3315 346
BE |27 6.8 (74 136 165 222 227 228 249 263 235 264 299 322 3315 346
72 |27 45 (74 117 157 211|216 205 23.0 240 212 234 269 304 312 316
78 |27 45 (74 117 157 211204 186 208 221 182 204 246 281 305 308
84 |27 45 74 117 157 211204 175 200 203 175 181 216 262 293 237
91 |27 45 (74 117 157 211204 175 200 203 175 17.4 197 251 282 237
97 |27 45 (74 117 157 211204 175 200 203 175 17.4 197 251 282 237

Copry Map | Paste Mapl [ Stay On Top Close |

Changes can be made by copy/paste or viathe keyboard in the same manner as for the
Fuel map, above. The increment/decrement values for the '+' and '-' and "QAWS"' keys
aex 04 and+ 3.
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Fuel tuning

Manual AFR Adjustments

Adjustments can be made to individual cells, either directly on the AFR plot or on the
separate "Fuel maps' window (above). To show map adjustments on the main window,
select "Adjustment map" from the View menu. With the "cell" selection button depressed

(Eil) select a cell with the mouse, or multiple cells by clicking while holding down the
Ctrl key. Then increment or decrement that cell with the + or — keys (no shift-key

needed) to change by one count, or hold down the Ctrl or Alt keysto change by 10
counts. Alternately use the "QAWS" keys for increments of +1, -1, +10, and -10 counts
respectively (the same key assignments as for Shark Tuner map adjustments).

Each increment to the adjustment map here is the same as an increment to the LH
correction map, where +127 represents a 20% change in fueling— an increment of 5
represents a0.1 AFR change. The effect of the adjustment for the selected cells will be
shown graphically, and numerically in the status bar.

To make fuel map adjustments on a separate map window, open SharkPlotter's Window
menu and select Fuel Maps. There are four tabs: the "Reference” (starting-point) map, the
"Adjustment” map (for changes entered here), and the "Updated” map—i.e. the reference
map +/- the changes from the "Adjustment" map (and a page for the target AFR for
automatic adjustments).

Automatic LH Map Adjustments

In addition to the manual adjustment described above, SharkPlotter can also make map
adjustments automatically for the best overall fit. Thisis done by scanning each cell,
computing the difference between the average AFR and the "target” AFR for that cell
(Fuel maps window), and computing an adjustment value. These adjustments are
interpolated to match the LH processor, and smoothed according to a weighting
algorithm so that cells with few points and large errors don't unduly influence the resuilt.
This scan is then repeated up to four times (or until the differences stop getting smaller)
to accommaodate interaction between cells as aresult of interpolation.

To use the automatic adjustment function, first make sure the appropriate reference map
isloaded. Do this with SharkPlotter's Project manager window, or load a specific map
with the File menu. Then select "Adjust Fuel Map" from the Tools menu.
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Ignition Tuning

SharkPlotter also offers some tools to help with ignition tuning. If knock-retard is
included with the log files then knock events (an increase in knock-retard for any
cylinder) are displayed on the AFR plot asan " X" through a data point. A light " X"
indicates that the number of cylinders retarded, and the maximum retard, did not exceed
the threshold (3 cyl's and 2 degrees by default). A bold X" indicates that the knock limits
were exceeded, and attention is needed. Hereis a plot of mid-range testing (zoomed)
showing afew knocks in the 4000-5000 mid-load area:

SharkPlotter [2009-04-23(3): Run 5, Run 6]

File Edit Wiew Tocls Window Help
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The EZK uses adifferent scale for engine load, the "Load" parameter on the EZK section
of the data log tab (rather than "MAF signal (absolute)" which is used by the LH). If the
EZK Load signal islogged then the AFR plot can also be displayed against the EZK
Load parameter, click the "EZK Plot" button on the toolbar. This changes the vertical
scaleto EZK Load, 0-100, and the RPM grid is changed to the RPM limits used by the
EZK. Theindicated cells then correspond to the EZK ignition-advance map.
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Hereisthe same plot with the EZK-load scale sel ected:

SharkPlotter [2009-04-23(3): Run 5, Run 6]

File Edit Wiew Tools Window Help
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The plot is the same, only the scaling has changed to match the EZK map. The knock
threshold here was set to 3 cyls and 2.0 deg max.

[RPM= 4298 Load= 55| A

The reference ignition map can by displayed (View menu), and a corresponding "Adjust”
map can be displayed and is available for making changes. The same keyboard shortcuts
are available for changing the adjust map (+/-, "QAWS").

SharkPlotter [2009-04-23(3): Run 5, Run 6]

File Edit Wiew Tocls Window Help
E';| i| |:||+ [I” Pictozad) ¥ FlotaFR | © LHplot @ E
EG0 BA0 870 1200 1400 1900 2400 3000 3200 3400 3900 4200 4800 5300

3| 166 128 134 | 147 | 157 19.9 234 268 260 263 26.4 266 27.4 275
a| 166 128 134 147 | 157 19.9 234 276 278 281 263 285 29.2 29.4
16 166 128 134 | 147 157 19.9 257 99 301 304 w1305 307 A 36
22| 166 128 134 14797 1537 19.9 257 336 339 341 343 52 6.4 72
28| 177 146 A4 196  <20F 241 324 366 - 380 364 395 401 a2 425
34| 158 1762194237 | “255 28.2 306 348 350 364 7.3 386 A5 425
41| 147 165187 ‘03 | 247 2519 29.4 325, 328 341 349 367 401 406
47| 147 169 138¢ 230 | 236 263 28.7 06 309 334 3.2 351 3.7 40.2
B3| 128 148 168 | 211 0217 252 276 28.8 07 29,0 - 323 KD o X 0352 378 384
59 128 1280145 177 191 24.4 261 2737 2710 243 265 253 % 356 372
66| 10.2 128 142 | 17.0 | 176 21.2 238 250 268 “paEr YelE 295 3.3 346
72| @8 108 142 | 159 | 166 21.2 228 216 2417 237 208 214 26.3 335
78] @8 109 142 147 | 178 23.7 249 203 188 0 2480, X 193, | ye218 289 331
84| 87 1049 142 136 | 172 226 231 23117 215 2RE 16.9 223 26.8 .2
91| 27 49 82 136 | 172 226 227 228 211 24k 21.7 211 26.3 291
97| 27 48 82 136 | 172 226 227 228 211 251 238 244 289 ana

[ [ [RPM= 2800 Load= 18] 4

Notice that the fuel isabit leaner here than it should be in general, and for the selected
point it may be related to the knock events. Always tune fuel first and then focus on
ignition.
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Automatic Timing Adjustments

An "Auto update” function is also available for the ignition map. If knock-count and load
are logged then the "Update Ignition Map" selection from the Tools menu will retard the
each cell with excessive knocks, i.e. those which exceed the thresholds. In the case of
max retard over the limit, the advance is retarded by that amount. In the case of knock
detected from too many cylinders, that cell isretarded in 0.4 deg increments until the
cylinder count is within the threshold. The knock marks are updated on the plot, and the
Update map is updated.

Here are the results of updating ignition for the previous plot (adjustment map shown).
The selected point has been retarded 1 deg and now has a predicted max-retard of 1.6

deg.

SharkPlotter [2009-04-23(3): Run 5, Run 6]

File Edit Wiew Tocls Window Help
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97| 00 (oo 00 | 00 | 00 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0

[ [ [RPM= 4285 Load= 54/ 4
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If the EZK ignition map isloaded then the adjustment map is added to a new "Updated"
map which can be copied back to the SharkTuner's EZK maps tab. This can be done with
the EZK-maps window (Window menu) which works in the same way as the fuel maps.

Ignition Timing Maps
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Note that the auto-adjust for the EZK isin the "retard” direction only, there is no "auto-
advance". This needs to be done manually, preferably on a dyno where the effect of
ignition timing on torque and horsepower can be measured—more advance is not always
more torque. The SharkTuner's knock-counter will provide a quick indication when
things are getting too far advanced, and SharkPlotter will tell you where attention is

needed and provide an easy way to focus on the problem areas.
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LH Basics

The ECU for the later-model Porsche 928 consists of the LH fuel processor and the EZK
ignition processor. They share some signals but each functions independently, and both
can be interfaced simultaneously by the SharkTuner using PEM's, special flash-memory
modules that replace the standard pPROM's. When the SharkTuner is connected it can
intercept data from either box (assuming both are fitted with PEM's) and either display or
log various engine variables.

Fueling is controlled by the LH processor, which takes inputs from the EZK for RPM,
MAF sensor for engine load, and a coolant temperature sensor and controls the fuel
injectors to deliver fuel to the engine. The basic amount of fuel is determined asa
function of RPM and engine load (the MAF signal) viaan interna table (map), which
gets added to an adjustable correction table, and is then adjusted for temperature and
transient conditions (e.g. acceleration). If the measurements were all accurate, and the
engine characteristics precisely known, then the correct fuel quantity could be accurately
calculated. But sensors, engines and injectors all vary abit and some method of
adjustment is needed.

Closed-loop vs. open-loop

Cars originally fitted with catal ytic converters need precise control of the air/fuel ratio
(AFR) for optimum emissions control. These cars are aso fitted with narrow-band O2
sensors (NBO2 or "lambda’ sensors) to measure the AFR before the cats. Ideally the
AFR will be 14.7 which is the stoichiometric mixture, and the optimum AFR for a 3-way
cat. ThisNBO2 signal isfed back to the LH processor which then adjusts the injector
pulse-width for any difference from stoich, which changes the amount of fuel and the
AFR, which is again measured by the NBO2 sensor and used by the LH to make further
adjustments—hence the term "closed loop™". Any changes in component tolerances are
automatically accounted for, and arelatively constant AFR of 14.7 is passed to the cats.

For closed-loop operation two separate levels of automatic adjustment are provided: First
isthe short-term "O2-Adjust”, which responds to the NBO2 signal by making immediate
changes to the fueling up to £20%. The second is alonger-term "O2 Adaptation”, which
monitors the O2-adjust correction and saves an average correction for each RPM/MAF
map-cell over aperiod of minutes. Thisisthe "adaptation” that is referred to in the
service documentation, and gets reset whenever the battery is disconnected. For a well-
tuned car the adaptation numbers are small and the adaptation table plays little part.

For cars which were not originally fitted with cat's the NBO2 sensor was also omitted and
the LH operatesin an "open-loop" mode, using itsinternal tables alone to determine
injector timing and resulting AFR. To accommodate varying component tolerances a
"CO pot" isfitted which allows manual adjustment of the idle-mixture using an externa
gas analyzer. This CO-pot adjustment adds or subtracts fuel from the table values up to
around 2500 RPM (not just at idle).

The selection of closed vs. open-loop operation is made via a jumper on the coding plug,
which is part of the engine wire-harness. Separate tables are provided for "cat" (closed-
loop) and "no-cat" configurations. However if the LH processor is configured for closed-
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loop ("cat") operation and the NBO2 signal is missing then it reverts to open-loop. It will
also revert to open-loop operation before the engine is warmed up, or for 20-30 seconds
following are-start of awarn engine, or for high-load or WOT running.

Note that cars which have had their cats removed are till typically fitted with NBO2
sensors, and operate in a closed-loop "cat" mode. It is the presence of a NBO2 sensor that
allows closed-loop operation, not the cat itself.

WBO2 Sensor Considerations

Something often overlooked is the importance of properly fitting a wideband-O2
(WBO2) sensor. The normal "O2 sensor" (Lambda-sensor) which isfitted standard on
cat-equipped cars is avery narrow-range sensor, with the output going from zero (too
lean) to about 1 volt (too rich) over span of only afew hundredths of air/fuel ratio. Thisis
perfectly adequate for the LH processor to maintain the average AFR at stoich and keep
the cat's happy, but is not suitable for any serious tuning.

A WBO2 sensor requires a special controller which has alinear output, typically 0to 5
volts over an AFR range of 9 to 19. The sensor only functions properly at high
temperatures, and WBO2 sensors include a heater and temperature regulator. The WBO2
output provides an accurate measurement of AFR over awide range, and is required for
using the SharkTuner for anything other than the most basic diagnostics (checking
SEeNsors, etc).

The WBO2 sensor can either be fitted temporarily for testing, or permanently to allow
testing at any time. The optimum arrangement is a bung (threaded adaptor) welded into
the exhaust pipe, downstream of the exhaust manifold or headers and upstream of a
catalytic converter. Tailpipe adaptors are not recommended as the pressure waves from
any decent exhaust system will be pulling in outside air and diluting the exhaust gases.

Ideally the WBO2 sensor should be located at a point where gases from all with cylinders
are mixed, but assuming that the injectors are all functioning properly and reasonably
well matched then sampling one sideisfine. A typical "X-pipe" will have one bung in
each side upstream from the " X", one can be used for aNBO2 sensor (if fitted) and the
other for the WBO2 sensor.

Note that the WBO2 output istypically not valid for 20-30 seconds after power-up. If the
WBO2 controller is powered from the NBO2 heater power—e.g. viaaNBO2 pigtail
cable—then thisis 20-30 seconds after the car starts. If diagnosing start-up issuesisa
concern, then power the WBO2 sensor from the ignition circuit—"bus 15"—and turn the
ignition on for 30 seconds before cranking. The SharkTuner's Fuel monitor page will
show when the WBO2 sensor "goes live".

A narrow-band O2 (NBO2) sensor is still needed for the LH processor. As an alternative
most WBO2 sensors provide a"simulated NBO2" output that can be used instead. This
allowsfitting a WBO2 sensor in place of the original NBO2 sensor, either temporarily or
permanently. Note, however, that the simulated-NBO2 output behaves differently from a
NBO2 sensor during sensor warm-up (zero volts vs. open-circuit) and can potentially
cause poor running or stalling on startup.
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Setting Options

An Options window is provided under the Tools menu for program settings. The first tab
(below) isdisplay settings. The "Plot limits' parameters determine the default scales for
the AFR plot, max-min RPM and MAF values. (The EZK |load scale is always 0-100).

Options

Dizplay |Fi|ters | Ignitic:nl
—Flot Limit

RPM:W—W
MaR[o =[as0

—Flot Dizpla:
Size:l?—il

v FlotAFR

v Flot 024d

—Colar
[T ShowAFR Scals

" YellowRed  RedBlue ( Custom .|

The second tab is "Filters’, which controls
which data points are displayed and used
for the auto-adjust calculations. The
"Enablefilters' box at the top can be used
to disable all filtering. The three basic
filtersareidle-AFR (e.g. overly-lean
because of fuel cutoff), rapid RPM
changes (throttle blips, etc), and rapid
MAF changes. Each of these can be
enabled or disabled, and limits entered—
by default an AFR limit of 17, RPM
change of 10000 (i.e. a 1000 RPM change
in 0.1 second logging interval), and a
MAF change of 500/second (50ina0.1
second logging interval).

An"ignore" period can also be specified
before and after each large change.

Enable-boxes are also provided for the

The"Plot Display” settings determine
whether AFR or O2-Adjust, or both, are
plotted. Normally both are selected and
AFR is plotted for open-loop operation. |If
the LH is operating in closed-loop mode
then AFR is plotted, modified for O2-adjust
(i.e. what the AFR would have been without
O2-adjust, in open-loop mode). For log data
from aclosed-loop run, if "Plot AFR" isun-
checked then AFR istaken as stoich (14.7)
and O2-adjust aloneis plotted. Similarly, if
"Plot O2Ad]" is un-checked then the AFR
alone is plotted—for closed-loop runs this
will be 14.7, on average.

Options
Display Filters |Ignition|
[~ Enable Filters

~lgnare Transitional Data:

¥ Idle (uekofy AFRUimi 170 =
|7 Max RFM change/sec: Wﬁ
|7 Max MAF change/sec: Wﬁ
Ignaore previous (sec): Iril
Ignore Following (sec): Iril

v ldle v Cruise [ WOT

Adjust]1 il

(" Save as defaults

— Throttle Switch
Include:

—Data Smoothing
AR =

® Forthiz plat anly

S

throttle switch, to exclude datafrom Idle, cruise or WOT operation.

The "Data smoothing" boxes work differently and do not exclude or include data, rather
they provide afiltering or smoothing function for displayed data. The AFR smoothing is
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applied to AFR for both the plot and graph displays, the number defines the span (+ data
samples) that are averaged together with a weighted average. The "Adjust” filter controls
the weighting for the automatic AFR adjustments, how many adjacent points are

considered.

The "Ignition" tab contains the knock
display parameters. A "knock event" isan
increase in knock-retard on any cylinder,
and is shown on the plot with an " X"
symbol. If the number of retarded cylinders
isless than the limit specified by "Knock
Threshold 1", and the maximum ignition
retard is below the limit, then the event is
shown with asmall "x".

If the event exceeds threshold 1 but isless
than threshold 2 then the event is shown
with alight, large "X". And if the event
exceeds both thresholds then the event is
shown with alarge bold "X".

Parameter changes are shown asthey are
entered, to save them click OK.

Options

Displayl Filters  lgnitian |
—knock Threashold 1

Flag knocks if mare than: |3 i’ Cyl's
DrIE.D i’ deg
~Knock Threshald 2

Flag knocks if mare than: |5 i’ Cyl's

Dr|3.5 i’ deqg
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Program Installation

Program installation is simply a matter of copying the SharkPlotter program file
(sharkplotter.exe) to the SharkTuner folder, normally C:\Program Files\SharkTuner\. This
isthe default for SharkPlotter'sinstaller (a simple Winzip self-extractor) but can be
changed if desired. SharkPlotter must be installed into the same folder as SharkTuner,
and islicensed only for use with SharkTuner.

To un-install SharkPlotter, delete the sharkplotter.exe program file and sharkplotter.ini
settings file from the SharkTuner folder.

Support

Support for the SharkPlotter software is provided by Jim Corenman and Sirius
Cybernetics LLC in Friday Harbor, Washington, viaemail to: support@siriuscyber.net

Support for the SharkTuner is provided by JDSPorsche, on the web at
www.jdsporsche.com and via email to: info@jdsporsche.com
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