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Fuel-injected motorcycles

have ushered in a new era of
digital tuning. Hold on for an
age of unprecedented power

and control

BY PAUL SEREDYNSKI

hen your bike is jetted just
right, you can almost taste it.
Your mouth waters in anticipa-
tion of that perfect carburetion produc-
ing linear, smooth and seemingly end-
less thrust, drawn forth in exact

proportion to your right wrist. Hanging
on to a 2002 Suzuki GSX-R1000, arcing
across the flanks of a boulder-strewn
valley east of San Diego, I was immersed

in just such bliss. But just as the land-
scape went liquid, I realized we’ll need a
whole new lexicon. This bike is fuel-in-
jected—it doesn’t “carburate” And its
electronic fuel-injection (EFI) system
had been modified-but with keystrokes
instead of jets. At that moment it didn’t
matter, because the digitally tweaked
machine was running so sweetly, I was
almost drooling on the tank.

Fuel injection isn't new. It's been
around for more than 50 years, first in
mechanical form, then electronic. You
haven’t been able to buy a “carbed” car
in the U.S. for over a decade, the switch
mandated by tighter exhaust emissions
requirements. But fuel injection is just
now making its way into mainstream
motorcycles. For motorcyclists, the tim-
ing couldn’t be better.

Current EFI systems are managed by
Electronic Control Units (ECUs, a.k.a.
“black boxes”) that speak the same bi-
nary language as a computer. This digi-
tal aspect alone will forever alter the
face of motorcycle tuning. When it’s
time to tweak, you need only swap files
with your bike. No more hands reeking
of high-test, no more fishing into a
tackle box full of jets, no more dropping
that last needle into... [Golly]! Where'd
that [golly|ing thing go?!

Instead, consider pulling out your
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Personal Data Assistant (PDA) and
downloading entirely new fuel and igni-
tion maps for your Yamaha YZF-R1 in
about 3 seconds. Consider selecting be-
tween several fuel/ignition curves while
riding down the road. This ain’t no Buck
Rogers stuff, neither; this is today. Yes,
you should be excited.

Why is fuel injection better?

In general, fuel injection provides more
exact delivery of fuel to your engine, and
the current electronic systems allow un-
precedented tuning and control. An en-
gine is essentially an air pump, and each
engine (depending on considerations
such as valvetrain, combustion chamber
shape and exhaust tuning) has its own
“air curve” which varies according to
rpm. Years of research have shown that
an air/fuel ratio of approximately 14:1
produces the most efficient combustion.
For maximum performance at any given
engine speed, a fueling system needs to
produce a fuel curve to match the air
curve as closely as possible.

The traditional device—for almost 100
years now—used to produce this match-
ing fuel curve is the carburetor, an “ana-
log™ apparatus that is essentially dumb.
A carburetor uses vacuum pressure cre-
ated in its venturi to draw fuel up out of
the float bowl; the more air that flows
through the carb, the greater the vacu-
um created, thus the more fuel delivered
to the engine.

Tuned for a specific environment—
such as a particular racetrack on a par-
ticular day—a carb can do an excellent
job of meeting an engine’s fueling
needs. But a carb is not adaptable; it
cannot compensate for changes in air
density (elevation, weather), engine

temperature (why we've lived with
chokes), etc. The bigger problems arrive
when you try to modify a carbureted
engine. Bolting on those gaping mixxers
in search of more peak power means
less airflow at lower engine speeds. This
makes it very difficult to tune a highly
modified carbureted engine: for proper
response across a wide rpm range.

Like getting your cake and eating it
too, EFI does not rely on vacuum. To
keep the fuel delivery closely matched to
the engine’s air curve, EFI systems in-
stead rely on a preset “map” stored in the
ECU’s memory, and input received from
various sensors. Data such as throttle po-
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sition, barometric pressure, intake air
temperature, crankshaft position, engine
rpm and coolant temperature are
processed by the ECU, and then refer-
enced against the stored map. The ECU
then instructs individual injector nozzles
to fire fuel toward each cylinder. The du-
ration of each injector’s “on-time” deter-
mines the amount of fuel dispensed.
Though the ECU makes fuel adjust-
ments based on input from the various
sensors (say, a change of ambient air pres-
sure), it still consults the preset map. This
means a decision by the ECU to richen or
lean out the intake mixture affects the
whole fuel map (keeping it in line with the
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air curve). This makes the map extremely
important, so you're probably wondering
where it comes from.

Fuel and ignition maps are generated
by manufacturers during engine devel-
opment. This is an intensive process, as
an engine is run throughout its entire
operating range, at varying throttle po-
sitions, under various loads. This proce-
dure builds a map that serves as a refer-
ence for the ECU. As you're riding down
the street, the ECU is getting constant
input from the sensors on the bike, i.e.,
30 percent throttle, 3800 rpm, 1000 feet
above sea level, etc. The ECU takes that
info, consults the map, shifts the preset

fuel curve as required, and sends a sig-
nal to each injector to best match the
predetermined air curve.

Why mess with ideal? If the manufac-
turer has gone to all that trouble to get
the perfect maps burned into the ECU,
and the sensors on the machine allow it
to adapt to environmental changes, why
would you modify it? Two reasons: 1)
The fuel/ignition map that arrives with
your new fuel-injected sportbike is
tuned to the conflicting goals of produc-
ing maximum power and meeting gov-
ernment emissions standards; and 2) the
instant you bolt on that aftermarket ex-
haust (or air filter, cams, headwork,
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etc.), you've changed the engine’s air
curve, and the map stored in the ECU
no longer matches that curve. If you
want your sportbike to serve one master
(performance), it’s time to re-map.

Aftermarket to the rescue

Anyone who's ever slung a Kerker on a
Katana is familiar with Dynojet, which
for years specialized in jetting “tuning
kits” for motorcycles. Thankfully, Dyno-
jet hung with the technology curve, and
developed a similar product for fuel-in-
jected bikes.

In 1997, Dynojet produced the first
Power Commander, an under-seat elec-
tronic box that altered data going to the
ECU, tricking it into delivering the re-
quired performance (telling the ECU
you were riding your Suzuki TL1000S
5000 feet below sea level, for instance).
As fuel-injection systems quickly ad-
vanced (thankfully), this option evapo-
rated as the newer ECUs limited output
ranges. The current Power Commander
IlIr and the conceptually similar
Yoshimura Engine Management System
(EMS) now alter the data leaving the
ECU for the injectors, and can also di-
rectly alter ignition timing. We installed
the Dynojet and Yosh systems—each
available for nearly all fuel-injected
sportbikes—on a 2002 GSX-R1000 (hey,
go big, right?), and found the small in-
vestment in time (see below) and money
($300-$500) to be hugely worthwhile.

Plug...
Anyone who has spent hours trying to
re-jet a quartet of carbs will not believe
how easy and clean this digital stuff is to
install. Unlike some of the earlier itera-
tions, the current offerings are literally
plug-'n’-play. There is absolutely no
splicing or dicing. You unplug the un-
der-seat or under-tank connectors lead-
ing from the ECU to the fuel-delivery
and ignition devices, and then plug in
the aftermarket controllers midstream.
Thanks to extensive work with the
OEM wiring harness suppliers, the cou-
plings are identical and literally snap in.
Removal of the system is just as easy:
Unplug the connectors and your bike is
back to stock in a matter of minutes.
Basic connection can take less than
30 minutes, and involves nothing more
complex than running a single power
lead to the bike’s battery. The EMS sys-

Dynojet’s software currently lets you
download fuel and ignition maps into
your Palm Pilot, but promises that the
entire Power Commander program
will one day fit in your handheld.
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Dynojet’s Power Commander llir
picks up where the company’s
much revered jet kits left off. Units
are available for most late-model
fuel-injected sportbikes.

tem offers a number of accessories
channeled through an adapter that
looks like a miniature USB hub. Even
the uninclined could likely install the
entire EMS collection in about 4 hours,
including the most time-consuming
portion of artfully weaving sensor wires
around your bike’s chassis. The real
tweaking begins once the components
are installed.

.and Play

Okay, so you've plugged in another box,
it was easy and it didn’t take long. What
exactly does it do? Using supplied soft-
ware that you load onto a computer, the

programs present a logical and graphi-
cally friendly interface that lets you
make changes to your machine’s fuel
and ignition systems. You now have the
keys to the castle; what you do with
them is up to you.

On most machines, the Power Com-
mander IIIr and EMS control fuel me-
tering and ignition timing. For highly
modified or racing engines (especially
turbo/supercharged or nitrous applica-
tions), ignition timing becomes a criti-
cal and often engine-saving tuning
component. Suffice it to say that both
the IIIr and EMS systems offer a fair
amount of timing leeway (normally a
max of +/- 11 degrees), enough to affect
performance, but hopefully prevent you
from making catastrophic timing alter-
ations. Most sportbike folks will con-
centrate on fuel modifications, which is
what we’ll do here.

Numbers game

With these ECU-helpers, you have a
number of options in how to tune your
bike, each upping the level of involve-
ment but increasing the certainty of re-
sults. Your first option, of course, is to
do nothing. Power Commander units
arrive with a map optimized for an oth-
erwise stock motorcycle. With EMS, if
you purchase the unit with a Yoshimura
exhaust setup, it arrives with a map op-
timized for that bike/pipe combo. In-
stall them properly, and you need do
nothing but enjoy the newfound throt-
tle response and rideability.

If your bike is not stock, or if you
wish to further optimize the fuel curve,
there is a trio of tweaking options. Pow-
er Commander units feature buttons on
the faceplate itself, which can be manip-
ulated to alter the stored fuel curve. If



Yoshimura’s EMS works in funda-
mentally the same manner as the
Power Commander, but adds nu-
merous options. It, too, fits virtually
all EFl-equipped sportbikes.

you refuse to go near a computer, but
must tinker with the stored map, this is
your sole tweaking option.

For those who have no fear of PCs,
provided software offers a simple way to
alter the fuel and ignition curves on
your motorcycle. Both the Power Com-
mander and EMS have serial ports, so
using a serial cable, you first connect the
units to your PC. Then, fire up the sup-
plied software and you're able to make

extensive alterations to your bike’s fuel
and ignition curves, plus quickly down-
load new maps to the bike.

If your bike isn’t stock, you'll want to
make this computer connection, be-
cause it lets you easily modify the exist-
ing map to match your particular after-
market alterations. With the PC
involved, you can also find a matching
map on the supplied CD-ROM (Dyno-
jet puts all its maps on every CD-ROM
it ships), or via the corresponding web-
site (www.powercommander.com or
www.yoshimura-rd.com/ems.asp). These
sites contain the very latest maps, which
you can download to your computer,
then upload to your motorcycle. The
usefulness of this CD and internet-
based support can’t be overstated, as al-
most any popular bike/pipe combo has
already been mapped.

The third tuning option is to have a
custom map built for your exact bike
and its air-curve altering components.
Dynojet has created software and a tun-
ing procedure—available at a growing
number of “Tuning Link” centers—
where for an additional fee (starting
around $150), a custom map can be
built for your particular machine. This
is done by running your bike on a spe-
cially prepared dyno (equipped with a

load cell and an exhaust sensor to meas-
ure the air/fuel ratio), which gathers
data on the bike as it is “driven” at dif-
ferent throttle openings under varying
loads. This data is then used to program
your Power Commander, giving you the
optimum map for your particular bike
and aftermarket engine components.

This last tuning option is obviously
the most thorough, even for those who
just want maximum performance out
of a common exhaust-pipe upgrade.
Anyone who has extensively altered his
bike’s stock air curve, or whose machine
now houses a collection of less common
parts (“Made the pipe and cams myself,
airbox is off a John Deere..”) should
definitely check out this custom map-
ping alternative.

New thinking

Unlike many engine mods, the key to all
this digital tuning is not peak horse-
power, but rideability. In fact, remapping
the fuel curve can drastically improve
throttle response without increasing
peak horsepower at all. How is this pos-
sible? Well, going back to the whole en-
gine-as-an-air-pump thing, where un-
hindered by government noise and
emissions requirements, the manufac-
turers do an amazing job of tuning their
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engines. At particular throttle settings
and points on the tach where EPA regu-
lations are not a factor (80-100 percent
throttle, anywhere near redline), it’s dif-
ficult to eclipse the power output the
OEMs have achieved with a stock pipe.
When not kowtowing to Uncle Sam, the
manufacturers need no lessons on how
to map for max power.

Away from more aggressive throttle
openings and engine speeds, however, is
where serious improvements can be
found. In order to pass government
emissions regulations, most bikes run
quite lean right in a part of the power-
band where street riders spend much of
their time: 3000-5000 rpm. This is
called the “EPA line.”

While building a map for our Gixxer,
we added up to 15 percent more fuel at
this point to maintain a flat fuel curve.
According to Brett Miller, the EFI sage
who builds most of Yosh’s EMS maps,
the 2001 Kawasaki ZX-12R needed 45
percent (!) more fuel in this same region
to flatten the curve. Digital tuning al-
lows you to easily erase this EPA line
(and the annoying dip in the power-
band), creating a more linear throttle
response. This can significantly boost
the power of your machine at engine
speeds and throttle openings where you
spend tons of time on the street. It may
not alter your bike’s quarter-mile time
or top speed, but it can make you a
faster rider, because any time you can
open the throttle sooner exiting a cor-
ner, youll get down the following
stretch of pavement faster.

Similar tools

In their basic functions, Dynojet’s Pow-
er Commander and Yosh’s EMS system
are nearly identical. For the extra
dough, EMS basically adds an expert’s
level of tweaking capabilities on top of
the shared Power Commander func-
tions. Designed for racers and the seri-
ous tweaker, EMS accessories include
nifty items such as a clutchless-upshift
circuit, a handlebar-mounted map se-
lector and a programmable shift light,
all of which can be integrated and con-
trolled by the same EMS software.

This includes the ability to create sep-
arate fuel and ignition maps for each
gear, or carry three separate maps in the
control unit at the same time, and move
between them via a bar-mounted
switch. Though great tools for the track,
hardcore sportbikers can also benefit:
Imagine a fuel-economy map (Honda
RC51?) for the ride to your favorite
backroad, a second map for ripping it
up and a third map for rainy conditions.
Hide the selector switch and you could



Dynojet’s latest development is the
Tuning Link, which calculates a map
for your bike based on its perform-
ance on a rear-wheel dyno.

create a “valet program” to help you
tame your turbocharged beast should
your kid decide to take it for a spin.

Because the maps are relatively small
(just 3K), and take only a few seconds to
swap, Dynojet even offers a Palm hand-
held option that lets you store and swap
maps onto the bike. This means you can
leave the laptop at home, and with your
Palm in your tankbag or pitlane tool-
box, you have instant access to hun-
dreds of different maps. Dynojet has
also mentioned that, as soon as they get
the small screen size figured out, you'll
be able to run the tuning software on
your Palm.

We spent several weeks on the GSX-
R1000, tweaking like fools with both the
Dynojet and Yosh systems. We ran a full
Arrows exhaust with the Power Com-
mander, and a Yosh Tri-Oval slip-on
with the EMS system. Starting with
baseline maps provided by Dynojet and
Yosh for each setup, we ultimately ar-
rived at only small changes from those
original maps. This illustrates how im-
pressive a job each company does on its
in-house map building. Most riders will
never feel the need to alter the provided
maps; it’s just cool that you can.

One of our favorite tweaks (besides
using a long serial cable to tune the bike
from the living room!) was a track-
based trick of richening the mixture at
small throttle openings at the top of the
rev range (above 7000 rpm, adding 15,
10 and 5 percent more fuel at 0, 2 and 5
percent throttle settings). This made
getting back on the throttle smoothly
after ripping a few downshifts into a
corner incredibly easy, and changed the
whole character of the bike. After all the
tweaking, with both setups, the bike ran
so ridiculously well, so sweetly, so per-
fectly, it was almost painful to have to
ride it in stock trim.

So bust out that laptop and get tun-
ing. And when you're done, be sure to
wipe the drool off the tank.
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