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In the most basic terms, electronically controlled engines must be carefully calibrated to take
advantage of engine modifications that affect airflow and fuel delivery requirements. That is
more imperative for forced-induction engines, which process significantly more air than a
comparable, naturally aspirated engineâ€”and do it under positive manifold pressure. The
importance of accurate, pinpointed tuning changes all boils down to a central goal: optimizing
fuel and spark throughout the RPM range and under all load conditions. Too little fuel leads to a
lean condition that can lead to detonation, burned pistons, and worse. It can be a painstaking
process with many adjustments. Novices are advised not to experiment with their newly
force-fed car, as incorrect tuning can quickly lead to expensive problems with an engine under
boost. It is best to seek a knowledgeable tuner who uses an engine chassis dynamometer
facility for accurate, safe tuning. WARNING: Do not start or drive a newly supercharged or
turbocharged engine with higher-capacity fuel injectors if the controller is not programmed for
them. Of course, the entire reason for adding a supercharger or turbocharger is increasing the
airflow through the engine. The factory engine-control systems of LS-powered vehicles ensure
optimal combustion, based on a programmed set of engine parameters, including displacement,
the size of the throttle body, the capacity of the fuel injectors, and even the specifications of the
camshaft. However, a few clicks of the keyboard are not the only way to produce great
horsepower in a safe mannerâ€”the fuel system must support it. To ensure the engine receives
the precise amount of fuel it needs to match the incoming air, the engine controller relies on an
air-metering system. There are two basic types: mass airflow and speed density. From the
factory, LS-powered vehicles come with a mass airflow system. In the simplest explanation,
mass air systems directly measure air, while speed density systems estimate it from a variety of
inputs. Mass airflow systems use a sensor to provide a direct reading on airflow through the
intake tube, ahead of the throttle body. Basically, the sensor tells the controller how much air is
entering the engine and the controller responds by matching that airflow with the appropriate
amount of fuel. The boosted air charge of a force-inducted engine requires not only a matching
increase in fuel, but the engine controller must be programmed with the specifications of the
new parts in order to control the fuel delivery. Inaccurate programming prevents the engine
from performing to its full potential or, even worse, allows an unchecked lean condition that
could damage the engine. One of the benefits of a mass airflow system is its ability to roll with
certain airflow changes without major tuning alterations. Also, mass airflow systems
compensate for engine wear over time. Generally speaking, the factory mass airflow systems
work with lowboost forced-induction systems and has helped make LS-powered vehicles
among the easiest to tune for great power increases. In fact, the pre-programmed, uploadable
tuning software that comes with most bolt-on blower and turbo kits is designed to work with the
factory mass airflow system and provide good drivability and performance. Largerdiameter
meters allow more air, but slightly diminish maximum boost. The custom intake systems of
most centrifugal supercharger and turbocharger systems require swapping the stock mass
airflow sensor into the intake tract. For the most accurate airflow readings, the sensor should
be placed in a section of the intake that allows a straight flow path across the sensor element.
The bypass valve lower left for a centrifugal supercharger system mounted on a C6 Corvette is
shown with the front fascia removed. When installed on a vehicle with a factorystyle mass
airflow system, the bypass valve must be mounted between the intercooler outlet flowing
toward the engine and before the mass airflow sensor. The intercooled air charge must only
pass the mass airflow sensor once, or accurate air metering is impossible. Most modern Eaton
superchargers and twin-screw compressors have an integrated bypass valve, negating the need
to insert a separate bypass valve in the intake system. Speed density air metering is the way to
go with racing engines, because, generally speaking, it can be programmed to handle more
power than a mass air-metered engine. It is also necessary on setups like this twin-turbo
engine, where air enters the intake plenum in two places and uses multiple throttle bodies. After
15 pounds of boost, tuning becomes difficult with factory mass airflow systems because the
manifold absolute pressure MAP sensor cannot provide accurate readings to the controller.
Swapping the stock, 1-bar MAP sensor with a 2-bar or 3-bar sensor alleviates that problem.
They also enable higher boost with 1-bar MAP sensors. Anything done to the engine that
changes the airflow characteristics, or volumetric efficiency, requires a new program for the
controllerâ€”and that goes for engine wear over time and, sometimes, extreme temperature
swings. Also, drivability can suffer somewhat, when compared with a properly tuned mass air
system. Forcedinduction engines making approximately 8 to 10 pounds of boost usually work
fine with the 1-bar MAP sensors that are equipped on most naturally aspirated LS production
engines. When the boost level is expected to exceed 10 pounds, at least a 2-bar MAP sensor
should be used. The 6. The outlet sensor on the factory supercharged engines is a 2. Adding a
higherpressure sensor must be accounted for when programming the controller. For the most

part, aftermarket supercharger systems use only the single MAP sensor from the stock,
naturally aspirated engine. If the system is tuned to produce more than 10 pounds of boost, the
factory 1-bar sensor should be swapped with at least a 2-bar MAP sensor, and the flash memory
for the controller must be updated to accommodate it. The 2-bar sensors are interchangeable
with 1-bar sensors, but the engine-control module must be modified to reflect the change. For
experienced tuners, it is a quick and easy adjustment. The recommended sensor is the more
common PN part. Its sensor has a different-size pin end. There are aftermarket 2-, 3-, and 4-bar
MAP sensors, but for most higher-boost combinations, the GM 2-bar sensor is adequate.
Commercial tuning is available for all of them and each works well with low- and
moderate-boost systems. For higher-boost engine combinations that also incorporate other
significant engine modifications, it is the best choice for tuning up to approximately 1, hp. The
later E38 and E67 controllers are the most flexible, offering greater parameter ranges, but the
E67 is the most flexible of them all. Also features integrated transmission control and a wiring
harness with LS1 fuel injector connectors. It features integrated transmission control and uses
LS1- style injector connectors. E Not as common as the LS1 controllers or the later E38 and E67
controllers, the E40 works with a 24X wheel and electronic throttle control, but the harness uses
LS2- style fuel-injector connectors; no integrated transmission control. E Works with a 58X
wheel and electronic throttle control; uses LS2-style injector harness and compatible with
integrated, automatic 6-speed transmission control. E Same basic capability as the E 58X,
electronic throttle, LS2 connectors and integrated 6-speed automatic transmission
controlâ€”but with a greater range of parameters and increased tuning flexibility. When the
instructions are followed correctly, the engine controller has all the information it needs to
operate the engine safely. Because a measure of safety is built into those pre-programmed
systemsâ€”ensuring adequate fuel delivery and spark control for a number of variables
including fuel type, engine load, altitude, and moreâ€”it is possible to achieve greater
horsepower results with custom tuning. More importantly, the pre-packaged tuning cannot be
used if other major engine modifications have been made, including a camshaft swap, stroker
crankshaft, higher-flow cylinder heads, or even fuel injectors of a different capacity than what
was included with the kit. Flash tuners upload their programming to the engine-control module
or powertrain-control module via the OBD-2 port located inside the vehicle, under the
dashboard. Some manufacturers have technical hotlines that allow custom tuning, but the
modifications beyond the stock configuration must be conveyed before the kit is shipped. All
LS-powered production vehicles use the modern flash-style memory systems that are easily
accessed via the OBD-2 onboard diagnostics, second generation port under the dashboard.
Like software for a home or business computer, the utilities offered by these companies are
licensed either on a singular basis for a specific vehicle or for tuning shops that use the
software for multiple vehicles. They are priced accordingly, too, with single-vehicle systems
costing several hundred dollars and multiple-vehicle licenses costing several thousand dollars.
When the tables are adjusted, the settings are saved and uploaded to the engine controller.
Knowing which values to change and what to change them to is the trick of tuning. An
understanding of how the values affect the engine and transmission is necessary before
modifying them. It is what enables modifications in the flash memory to be made, saved, and
uploaded. Lidio Iacobelli, from Alternative Auto Performance, performs a common test-and-tune
procedure, whereby a test drive of a modified vehicle determines the need for further tuning
adjustments. It also incorporates an automatic recovery feature that protects against re-flashing
problems. System highlights include:. That means the engine and transmission controllers
perform mostly independently, but are linked via the CAN. If you are contemplating custom
tuning for the first time familiarize yourself with the basics, because even a relatively small
mistake at the keyboard could result in serious engine damage. As noted earlier, the flash
memory upgrade included with most bolt-on systems does not account for additional engine
modifications. Based on the experience of similar combinations, Livernois Motorsports creates
an appropriate tune and loads it on the interface module. After receiving it, the customer
uploads the new tune to the controller, just as he or she would with the pre-packaged tune from
the supercharger kit. This allows them to quickly modify and forward a revised tune if further
changes are planned for the particular engine combination. We can send updates to the
customer with our tuning files as they become available, or the customer can update his own
tuneâ€” within reasonâ€”to accommodate further modifications. According to Millen, the
X-Treme Cal Tuning Interface reads the factory controller program, which can be saved, to
return the vehicle to stock specifications. Although very adaptable to tuning, the factory
controllers on GM vehicles have their limits. The injector drivers in the stock computer do not
support the current levels necessary to drive them properly. Also, the few, specialty
highimpedance injectors that are available have a very slow opening rate that causes poor

stability at idle and high RPM. The effect is magnified further if the user increases fuel pressure.
This equates to very finite control at just about any engine speed and compatibility with an
injector carrying an impedance rating of 1. It can fire up to eight ignition coils simultaneously. It
features three integrated microprocessors capable of supporting engines spinning to 15, rpm
and producing more than 3, hp. Additional highlights include: the capability to drive
low-impedance fuel injectors common on racing engines; programmable inputs to support
cooling fan control; 64 channel internal data logging, and more. Real-time programming
software helps dial in combinations very quickly. Another popular standalone engine controller
is F. The different tunes can be accessed with the simple flip of a switch. Alameddine further
suggests a computer swap in a force-inducted setup with a high-performance camshaft.
Whether a modified vehicle uses a pre-programmed software program or a custom tune, it is
highly recommended that the vehicle be tested and fine tuned with the assistance of a chassis
dynamometer. It more closely replicates the real-world performance of the engine by putting a
load on the drivetrain. Of course, it also indicates the horsepower and torque levels of the
engine. Depending on the type of dyno used, the at-the-wheels power numbers can be corrected
by a factor of about 15 to 20 percent to indicate the true horsepower and torque output of the
engine. The difference between the engine and drive wheels is the result of parasitic losses
from the engine turning the transmission, driveshaft, rear axle, etc. Most tuning shops use
chassis dynos from either Mustang Dynamometer or Dynojet. Generally, the same car tested
under the same conditions reveals slightly more at-the-wheels power on a Dynojet
dynamometer than a Mustang dyno, although many tuners suggest the Mustang unit imposes a
more real-world load on the vehicle that produces a result closer to what the vehicle will deliver
on the street. However, a knowledgeable dyno operator can get the converter to lock and take
an accurate measurement. All-wheel-drive vehicles like the TrailBlazer SS also pose a unique
challenge. They require a dyno with both front and rear rolling drums, which can be difficult to
find, even in metropolitan areas with numerous tuning shops. The graphs generated by the
dyno pull not only point out the peak power numbers, but graph them in RPM increments,
showing where in the rev range the power increases are most effective. Wideband sensors are
also used on the chassis dyno during WOT tests, but they are acutely effective at helping
fine-tune low-speed drivability and ensuring adequate fuel is available at all RPM and throttle
levels. It is imperative to know that the engine is free from detonation at WOT and under full
boost. For vehicles undergoing a custom tune, such testing helps determine the precise fuel
requirements throughout the RPM range. The Internet makes it relatively easy to probe whether
a tuning shop has a good reputation, while old-fashioned asking around at the drag strip or a
car show may also help find a knowledgeable local tuner. As helpful as chassis dyno tuning is,
the measurements on the dyno are generated with the engine at WOT. The value of the variation
from the ideal, stoichiometric A diagnostic check reveals if the difference was because of a rich
condition more fuel than air or a potentially engine-damaging lean condition more air than fuel.
A wideband oxygen sensor simply replaces the standard narrowband sensor in the exhaust
system. If you plan to tune the engine yourself, it is a worthy investment. If you use a
professional shop for tuning, the shop can usually swap out the standard sensors for wideband
sensors during tuning sessions. In the narrowband graph, the measurement within the 1. More
importantly for tuners, the wideband sensor tells how lean or rich the mixture is, while the
narrowband sensor merely indicates a rich or lean condition. A wideband system has the
capability of precise measurements. Typically, such tuning scrubs off a few horsepower, but the
tradeoff is often welcomed because it brings with it peace of mind. It is believed the culprit is a
comparatively weak spring within the throttle body and the cure is the installation of another
production throttle body with a stronger spring mechanism. Another possible culprit may be an
insufficiently strong bypass valve. A strong throttle spring is necessary to prevent boost creep
that affects tuning and could possibly harm the engine. Also required for a methanol injection
system is a pump to deliver the solution to the intake system. This example is from methanol
injection specialist Snow Performance. A homemade methanol injection system is relatively
easy to build. A salvage-yard windshield-washer reservoir makes a perfect storage tank for the
methanol solution. Filling up with windshield-washer solution is cheaper and easier than tuning
the engine to run on high-octane racing gas, too. The comparatively violent acceleration caused
by a full-throttle blast with a force-inducted engine can upset the factory stability-control
system called StabiliTrak. When this occurs, a warning message may flash on the dashboard
and temporarily disable the stability system. It may also cause the stability system to perform in
a manner where it believes it is intervening in a potentially hazardous driving situation. Pushing
the edge of the envelope with boosted performance has inherent risks in engine combinations
using stock rotating assemblies, not the least of which is detonation. Even with the necessary
air-to-air or air-to-liquid intercooling systems, the boundaries of sustainable, pumpgas

performance can be easily reached with only moderate boost levels. One of the ways some
tuners expand the pump-gas safe range is with a methanol injection system. Essentially,
methanol injection acts as a secondary intercooler. Injection of the solution is done in the intake
stream, ahead of the throttle body, much like the nozzle does for a dry nitrous system. The
intake tract is drilled to accept a nozzle for the methanol injection system, just as it would be for
a bolton nitrous system. Fortunately, no fuel-system modifications are required for methanol
injection, but tuning is necessary to optimize its advantages. Of course, a methanol-injection
system must be accounted for in the tuning, but the lower inlet temperature and higher octane
rating enable more aggressive programming. Snow Performance is the aftermarket industry
authority on methanolinjection systems. It offers installation kits, as well as a pre-mixed
methanol solution. The user must closely gauge the range of the alcohol solution to ensure it
matches the gas tank. In other words, if the methanol tank runs dry before the gas tank, a larger
methanol tank is needed. It delivers more than supercharged horsepower from ci and does so
with the docile driving manners of a family sedan. More than a bolt-on blower kit, the SS
package is based on a larger-displacement version of the standard LS3 engine, which grows
from to ci through greater bore-and-stroke dimensions. Along with that is a set of modified LS3
cylinder heads and a ProCharger D-1SC centrifugal supercharger and intercooler system that
generates around 11 pounds of boost. The impressive Martin SS Camaro, with hp and ft-lbs of
torque, gets its ample power from a 7. A smaller pulley is used on the blower to generate more
boost for the larger-displacement engine. The factory E38 controller is used with this engine
combination and enables excellent drivability. Importantly, the completely modified engine uses
the stock E38 controller that was carefully tuned for the combination. The engine starts, idles,
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