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= »WHAT IS
X MAPPING?

So what actually happens at a live-mapping session
then? Stu reveals all.

BEFORE
STARTING...

The first rule of working on
cars and using tools of any
kind is don't ever skimp on
decent protection. Goggles,
gloves, ear defenders,
masks and a set of overalls
should be in your garage.
Use them.

When using power tools,
protective gear is essential
— grinders and welders can
make a real mess of your
soft skin and bone if you get
it wrong.

Never work under a car
without supporting it using
axle stands. A car falling on
you is not something you'll
be laughing about down
the pub.

Having worked as atuner for17
years, Stewart ‘Stu’ Sanderson
is one of the most-respected
names in the business.

AlLevel 5-trained fuel-
injection technician,inthe
past Stu has worked foraFord
Rallye Sport dealer,a well-
known fuel-injection specialist
and various tuning companies.

Thensevenyearsagohe
joined forces with Kenny
Walker and opened up
Motorsport Developments near
Blackpool (01253 508400,
www.remapping.co.uk),
specialisinginengine
management live remapping,
as wellas developing arange of
Evolution chips which are now
sold allover the world.

He’s alsojointly responsible
with Webmaster, Petruccifor
www.passionford.com. Started
in 2003, it’s grown rapidly from
afew friends contributing, to
one of the biggest Ford
communities onthe web.

Stu’s enviable knowledge of
the workings of modern-day
Ford performance engines
means that every month he’s
just the man to explain howand
why things work,and most
importantly how they can
beimproved.

HOPEFULLY

you are fully up to speed with this
series now and are fully aware of
why your engine would benefit from
mapping and what the mapping
itself consists of. You should also
have a pretty good idea what
equipment is utilised to accurately
perform it, as these topics were
covered in some depth over the
first two editions of my four-part
mapping series (Fast Ford issues
253 and 254).

Once your appointment date
arrives and you turn up in reception
with a car ready for mapping, what
happens next will depend upon
one of two things: what type of car
you are bringing us, and whether
or not we have mapped one of
them before. We map all forms of
car from Audis to Porsches, but
for the purpose of this article let's
concentrate solely on Fords.

As you'd expect we have mappe
many different types of Fords from
normally-aspirated CVH and Zetec
engines to the various forms of
turbo diesel, through to 650-plus
bhp Ford Cosworths.

WHAT MAP?
If you want us to map a type of
engine and management that we've
mapped many times before then wi
will have already determined where
the various maps are within the ECU
calibration (or chip to you), what
the maps do and what is required
to modify them to make the engine
and management perform correctly
with your various modifications.
However, if you are bringing us
an engine and ECU that we have
never actually mapped live before,
we may have a problem because
the manufacturer goes to great
lengths to encrypt and hide all the
maps within the ECU calibration.
They really don't really like us doing
what we do, so the job isn't quite as
simple as it may at first appear, but
we will come to that later... Let's for

Your car will be hooked
up to diagnostic and
datalogging equipment
before mapping starts

— ) parel

i NOW assume you are bringingin a

ar for mapping that we have done
ots of previously.

ULLY EQUIPPED
irst of all, as explained in depth
ast month we will check your car
s road legal, including tax and MoT
nd then hook the car up with all
ts of hardware such as air/fuel
atio monitors, dataloggers, an
CU emulator, boost gauge, multi-
meters, G-meter and an emergency
oolkit containing all manner of
mergency tools and parts that
nable us to fix common faults and
make adjustments at the roadside.
Once the equipment is in the car,
wo of us will take it out and assess
ts current condition, making notes
f any shortfalls in the engine and
management system like hesitation
n acceleration, over or under
uelling, excess fuel consumption
nd poor performance.
We also run a diagnostic monitor
t the same time in order for us to
ind any faults that may exist on the
ngine management system; there
s absolutely no point trying to ma

¢ an engine management system that
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: is actually faulty. Basically, we are

iving the system a health check

hilst looking for any areas where
we know we can improve your car
while mapping it.

After making concise notes
n the current performance of
he system we will return to the

orkshop and proceed to perform

brief set-up to ensure all engine
ettings are correct before hooking
he emulator up to the ECU as again,
here is no point mapping a car’s
uelling, only to find out later the fuel
ssure was too high, or low.

To briefly recount on what we
overed last month, the EPROM
mulator allows us to access in real-
ime, the precise part of the engine

management calibration chip that
he ECU is asking information from.
or example we may only have an
ssue with an engine at 3000 rpm at
ay, half throttle — perhaps a small
esitation at light throttle — the
mulator will highlight the exact
art of the fuel and spark maps

hat the ECU is accessing when

his hesitation occurs, allowing us
0 make relevant changes to that

¢ part of the map and only that part.

FAST FORD AUGUST 2007 [IRER




Mapping can be done on
rollers, but MSD prefers
todo it on the road

SENSORY
DEPRIVATION

It is well worth bearing in

mind that all the temperatures
and pressures displayed within
the live mapping screens are
fully dependant on the sensors
that output that particular

data, so always ensure your
management sensors are in
good order before commencing
mapping or the time and money
may be wasted.

Removing the extra fuel
from the maps of a rich
running engine that had an
air temperature sensor reading
40 degrees C too hot is not only
a waste of time and money;, it
will also be dangerous to an
engine if that sensor is ever
replaced with one that works
properly as it will start to run
dangerously lean.

The golden rule here is,
garbage in, garbage out.
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Results are instantaneous, SO we

i can reap the rewards instantly and
i move on to the next issue that

i needs resolving.

This form of mapping removes
the immense amount of educated
guesswork needed to do such a job
sat at the desk with no emulator, as
we will obviously be trying to guess
which part of the map the ECU
would be reading from when the
issue occurs, burning that to a chip,

i and taking the car for a drive to see
¢ if it has made any difference.

This live accessing method is

¢ the emulator’s main job but not

¢ its only job — our own emulation
i system also has the ability to

i simultaneously run two different

i calibrations and allow us to swap
i between each at the press of a key
i with the engine still running. This

i can be invaluable when you make
i amistake — imagine accidentally
i deleting a fuel map at high speed.
i Yes, it could happen!

LIVE MAPPING
So, the emulator is all connected
up and we are ready to go, SO
what exactly do we map when
live mapping? Well, this depends
exactly what modifications you
have done to your engine.

A simple Fast Road camshaft,
exhaust and air filter will normally
just require a tweak to the fuel

i and spark timing maps because
i all you have done is adjust how

i much air comes into the engine

under heavy load by removing a few
of the manufactured-in restrictions.
In these cases we can simply adjust
the fuelling maps so that all throttle
and load positions are running
the kind of air fuel ratio that we
personally wish to see.

We will also use detonation
cans to help us adjust the spark
advance until we are a safe way
from detonation, yet still delivering

: good performance.

If however, you have modified

i the injectors, engine sensors, inlet/
i exhaust ports, compression ratio or
i maybe even the turbocharger we

: would have to map far more things.
i This can mean a week's worth of

i mapping work is required.

{ WHY A WEEK?

This is a question I have to answer
on an almost daily basis and the
reason is quite simple. When |
map a car | want to give you a car
back that performs and drives

as well as an equivalent OEM-
powered vehicle.

One of the failings of many
mappers is that they spend far
too much time trying to extract
maximum power and not

: enough time trying to map in

i some refinement and economy. |

i absolutely cannot abide cars with
i engines that will not start and idle
i perfectly well when cold, engines

: that rev up and down until they

i get hot, or keep stalling. Aimost as

A :
The caris checked over |
thoroughly before it goes |
anywhere near the road

While Weber-Marelli
ECUs are interfaced via
the EPROM (chip) socket igmu#

annoying is a car that will not drive
properly when cold and tends to
jerk, pop, fart and kangaroo or cut
out at every junction.

When we map a car it absolutely
will not do any of those things and it
will drive as near to a standard OEM
car as it is possible to be with your
particular combination of engine,
modifications and management.

Going back to the question... Well,

the time delay is due to the fact that
once we have perfected a main fuel
map with the engine hot and we are
totally happy that it achieves all our
aims, we can have a go at mapping
the cold starting and running
correction maps.

These maps are in essence
an electronic version of the old
choke knobs that you used to pull
out on the dashboard to get your
engine to run cold and had to
progressively push back in as the
engine warmed through. Sorry?
What do you mean you're not old
enough to remember that?

CORRECTION FACILITY

i On most EFi systems we have a

¢ small correction table within the

i engine calibration chip that relates
i only to coolant temperature and for

arguments sake it is maybe 10 cells

i wide starting at —10 degrees C on

! the extreme left and going up in 10s,
! terminating at 100 degrees C on the
i extreme right.

Now, let's assume your car runs
badly all the time that it is cold and

let's assume for discussions sake

! that we have ascertained that it

i is due to being excessively-lean

i after fitment of camshafts. In this

i scenario, when using our emulator
: we will be able to see precisely

¢ which coolant multiplier the

i management is looking at and

{ how much extra fuel it is delivering
i from the contents of that cell when
i the poor running occurs, and we

i are able to modify that data and

¢ asses the results immediately,

¢ hopefully richening up our lean

i engine at that temperature.

However, as you will know;
most cars warm up very quickly
nowadays and we don't have
much testing time at each of the

on to the next. As an example,
let's say we have just modified
the multiplier that deals with the
engine when it is at 20 degrees C
and are now doing the multiplier
that deals with 30 degrees C...

How will we know if we got
them right? The only true and
accurate test is to wait until the
engine is back down at 20 and
30 degrees Cto seeifitruns
correctly and exhibits a correct
air/fuel ration at that point or
not. If it doesn’t, we can make
more changes as required but
will of course have to wait until
the engine is at that temperature
again to check our work.

ACCESS ALL AREAS

i Which actual engine management
¢ system you are using will depend

i on which mapping program we use
{ to live map the engine. However,

i regardless of mapping program

will have to hook up the emulator
to your ECU in some way or other.
Ford EEC systems are very simple
to interface, we access these

the side of the unit.

Weber-Marelli systems are
interfaced via the EPROM socket
and we have to literally remove the

EPROM and insert an interface cable :

in its place.
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Let's take a look at the Weber-

¢ Marelli mapping system. Invariably
¢ for this system we will use a special
i mapping program that decrypts

10 correction sites before it moves i

the maps and gives us masses of

{ information and access to every map
i we could possibly want to adjust. As

i anexample here is a brief list of the

: maps that are available within a Ford
i Cosworth Level I-Level 8 ECU:

Fuel injection map
Spark advance map
Boost control map

i Coolant fuel adder map
i Coolant spark adder map
: Batter adder map

Air temperature adder map
Rev limiters

Boost limiters

Over run fuelling tables

i crank fuelling

: After start fuelling
i Canvyou see the pattern emerging :
here? The bottom line is, to do a job

i correctly often takes far more time
i and effort than first meets the eye,
i as the only way to ensure success
i is to operate and map the engine :
¢ during the actual conditions that it is i
{ to work within. So that means cold ¢
i mapping should really be performed :
i with a cold engine.

Closed loop correction level

i tables and switches

i Knock retard look up table
i Injection phasing

i Injector scaling

{ Many transient fuel

correction adjustments.

And on our latest revision of Level
8 software:

Launch control maps

and switches.

Anti-lag system control maps

{ and switches.

i The Ford EEC management system

uses a completely different type
of software but again gives us
access to various maps that will

i allow us to pretty much do anything
i we require.
computers via an expansion port on i

These maps include the following

i features that are not present in the

Weber system due to ECU advances
and the fact it uses Mass Airflow
(MAF) instead of speed density.
MAF transfer tables

! Torque transfer tables

“ﬁ File Map Edit Analize Miew Emolator  Window Help
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003840 [[DA
003850
003860
003870
003880
003890
0038A0
0038B0
0038C0
0038D0
0038E0
0038F0
003900
003910
003920

003930
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RAM2 1 2 3
003840
003860
003880
0038A0

0038E0
003900
003920

Torque limiter maps for
each gear

Adaptive fuel control maps
And over 200 more!

When using one of the
management systems such

as Weber-Marelli or Ford EEC,
getting down to the job of actually

DT Mo £ ke Vew Emisior Wedw beb
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mapping is a pretty straightforward

process of hooking up equipment
and loading software to allow us
access to the maps.

The problems arise when
you bring a new model that we
have never mapped before. This
means that due to the encryption
in the ECU we will not actually
have any access to the maps
or even addresses of where to
find them, this is where time-
consuming R&D comes into the
mapping arena. In cases such as
this we will extract the engine
calibration data from the ECU by
means of either removing and
reading the EPROM or extracting
it via the diagnostic port on
the dashboard.

Once we have the calibration
program we will then load it
into a very special mapping
program that allows us to analyse
the data on the chip in various
different formats.

SHOW AND TELL

An engine calibration file in

its native state is simply a
computer program presented in
a binary format. This format is
of absolutely no use to us at the

t o paM1 0DIBIF
{ RAMZ 00383F

D mmady...

moment so we need to convert this

complex looking data into a more
graphical representation.

If you look at figure 1 and 2 you
can see what appears to be a

collection of meaningless numbers.

Figure 1 is hexdecimal, and figure
2 16 bit, however if you look at
figure 3 you will see exactly the
same data but represented as a
two-dimensional graph, this is
where it starts to get interesting...
The 2 dimensional view shows
what appears to be a map, which
IS S0 recognised by its recurring
graphical appearance.

Figure 4: the fuel data is then reassembled so that it can be altered at various load and rpm points

¢ do, but once we have deciphered
i them we know where the key maps :
i that we require are located and

i what they do, we can access them
i instantly the next time.

This is just one of the painstaking

ways in which we find maps in
new systems and it can take many
hours and even days to figure out,

i reassembles it on the mapping

i screen in a way that humans

i can understand and work with
via an emulator, what they actually i (see figure four). Of course, if we

iy

10 11 12 14 15

e ERlecn s h ]| m— |
|7 4@-8 % w2 ano s

=M

Pos Do
160

160

Hex
aoan

00k

Fange
DD3IBIF-003304

00393IF-003904

Figure 3: the 16-bit fuel data deciphered and represented as a 2D graph or ‘map’
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: require access to tricky parts of the
program, such as simple switches,
i we have to have the whole thing

i de-compiled professionally, and

i that takes time and money.

i Forthe record, we have access
{ to over 23,000 different ECU

i calibration maps at time of writing,
i s0it's extremely rare you will bring
i one in that we haven't already got
! the information for.

NEXT MONTH

What maps we tend to have to
change and why we need to

change them for specific mods
like cams, heads and turbos, as
well as why fuel mixture and
spark advance differ according
to loads and mods.

Once a calibration has been
deciphered, our mapping software




