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Introduction

Welcome to the Programmable Management System from EFI
Systems, Inc. The Programmable Management System, or PMS is
an engine control computer that you can use to tune your vehicle’s
engine management system to match the needs of your particular
engine setup. The PMS is a powerful system that offers the ability
to program in compensation for the addition of larger fuel injectors,
different camshatft profiles, forced induction, and even nitrous! With
the PMS, almost any engine combination can be safely tuned and
power output maximized.

How does it work?

The PMS unit monitors various input
sensors, reads the factory engine
management outputs, and then applies the
changes that you’'ve programmed into it to
achieve proper tuning for your exact setup.
By including menus for idle, part throttle,
wide open throttle (WOT), temperature
compensations, and more, the PMS is truly a complete tuning system.
Many electronic tuning devices currently available are “band-aid”
solutions to a real engine management need. They offer limited tuning
- usually at WOT only. Custom chip tuning can work for one particular
setup, but if one component is changed, the chip must be burned all
over again and you will have to pay for the service all over again.
The PMS allows you to make changes again and again in real time!
With three separate data sets, you can try a new tuning strategy
without the risk of losing what you've already done.



Engine Management Basics

The term engine management has become commonplace in the
automotive world these days. In a nutshell, engine management is
the controlling of fuel, spark and other events involved in running your
engine. The controller of these events is referred to as the Electronic
Control Unit (ECU), the Powertrain Control Module (PCM), or the
Engine Control Module (ECM), depending on the manufacturer. No
matter what the name, the functions are basically the same. The
ECU takes in data from available engine sensors, follows a factory
installed program, and determines the appropriate outputs required
to make your engine run smoothly, efficiently and safely under all
conditions that it was designed for. The main concerns of most
modern ECUs are keeping fuel economy up, exhaust emission
production down and driveability smooth.
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Oxygen Sensor

To minimize engine emissions a special sensor is used to measure
the oxygen content of the exhaust gas; this value is "fed back" to the
ECU and under specific conditions is used to produce a desired
air/fuel ratio. This is known as closed-loop operation. Since closed-
loop operation is important for drivability, fuel economy, and emissions
control, the EGO signal is
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£ signals to watch on the PMS
% monitor screens.
§% 0.46
3= The typical EGO sensor
G produces a voltage which
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14T for very lean mixtures, rises

sharply near the “ideal” air/fuel ratio, and continues to rise to almost
1.0 volt for very rich mixtures. The PMS interprets signals from O-
0.46 volts as lean ("L”) and signals above 0.46 volts as rich ("R”) and
displays “L"or “R” on the Main Monitor screen (see page 9). The
Air/Fuel Monitor screen adds a two-digit voltage display to give some
indication of how rich or how lean the mixture is. For example “87R”
means the EGO sensor is reading 0.87 volts, indicating a rich condition.
The EGO signal is a valuable tool for tuning your engine but it has
some important limitations. First, EGO sensors operate correctly only
when they are hot, about 600 degrees or above. Thus, when an
engine is first started the EGO sensor(s) will show lean ("L”) until
reaching operating temperature. Under most conditions this takes a
minute or two; perhaps longer in very cold weather. If for some reason
the EGO sensors must be moved to a different (non-stock) postition
in the exhaust system, keep them as close to the engine as possible.
This will help maintain them at operating temperature.

The graph also illustrates another problem with EGO sensors; note
that the sensor output is not a straight line. Once the air/fuel ratio
gets outside of a narrow band around the stoichimetric, or perfect
value, sensor voltage barely changes at all for very rich or very lean
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mixtures. This is one reason why the ECU does not try to achieve
a single, perfect voltage during closed loop operation. Instead, it
varies the fuel commands to switch the EGO voltage back and forth
around the desired value. EGO sensor output must be interpreted
in light of sensor quality and service life. Mass-produced EGO sensors
should not be used to assign a precise air/fuel ratio other than

that at the switch point (stoichimetric mixture). Also, the response

of EGO sensors degrades with time and mileage. Sensors often
require replacement after 50,000 miles, and shock (impact),
overheating, or lead fouling (such as from using racing fuel) may also
damage EGO sensors and render them inoperative.

Wide band Oxygen Sensors

Until recently, wide band oxygen sensors, also known as UEGO
sensors, were too expensive for all but the professional tuners or
vehicle manufacturers to use for engine calibration and testing.
Although similar in appearance, the UEGO sensors work differently
than the narrow band EGO sensor. The main differences important
to cover here are the near linear output of the sensor over its entire
range (usually from 10:1 to 20:1 air/fuel ratio), and its ability to read
accurate air/fuel ratios over a wide temperature span. With the
consumer demand for higher fuel economy and near “zero” exhuast
emissions, these sensors have begun to be installed in regular
production vehicles. The value of such sensors for proper tuning
cannot be over estimated. Thanks to the mass production of UEGO
sensors, the price of aftermarket wide band systems is now affordable
to the average automotive enthusiast. Systems such as the EFlI
Systems “UEGO 2000” make tuning the PMS or any other engine
management system much easier, safer and faster. See appendix B
for more detailed information concerning this.

Fuel Injectors

In older vehicles, the sensing, control and fuel metering functions
were all performed by the carburetor. In EFI-equipped engines, fuel
delivery is done with injectors, which are small on/off valves controlled
by an electric signal. When voltage is applied, they open and allow

5



fuel to flow from a pressurized source (usually a fuel rail) into a
manifold. When the voltage is removed, they close, stopping the fuel
flow. Since the injector is either
fully open ("on”) or completely
shut ("off"), changing the rate of
fuel flow can only be “on |
accomplished by changing the Time
pulse width, or “on-time” of the
injector, or by changing the fuel
supply pressure.

Total Time Available
=z =

As the accompanying graph shows, injector pulse width cannot be
increased indefinitely. For every rpm there is a fixed maximum time
for each injection pulse. Injector “on” time cannot exceed this value
or the end of one pulse will overlap the start of the next, at which point
the injectors are on all of the time. This condition is known as “static”
or “DC”. Thus, one way to measure the rate of fuel delivery is to
measure the pulse width in milliseconds (1 millisecond = 1/1000
second). Another method is to divide the pulse width by the total
available pulse width. This fraction is known as the duty cycle of the
injector and is usually expressed as a percentage. Both of these
measurements of injector performance appear on the PMS Monitor
screen. Generally speaking, injectors operate best with a duty cycle
between 5% and 85%. When injectors are on for very short periods
(such as is the case at idle), their fuel delivery can become erratic.
The same is true for duty cycles above 85% - 90%. Duty cycle vaues
above 90% indicates that larger injectors may be required. One of
the most vital uses of the Monitor Modes of the PMS is to confirm
that your injectors are operating within their limits.

Note that total fuel delivery depends not only on the injectors, but
also on the ability of the fuel pump to provide adequate flow at the
desired pressure. The stock pump is sized to deliver the fuel needed
to sustain your engine’s fuel requirements at it's stock horsepower,
with some additional margin. Where the power output has been
increased, a larger pump may be needed.



The PMS Data Terminal
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The PMS system is comprised of two main components: the controller,
which does the job of taking the signals in from engine sensors and
modifying the ECU output signals, and the Data Terminal, which is
used to monitor key engine data and program the PMS system. The
display screen in the center is your “window” into the various adjustment
tables and option switches. The eight buttons that flank the screen
provide both navigation through the various menus and tables as well
as the means to alter the program values. The buttons’ functions
remain relatively constant throughout the menus and tables, so only
the button description will be included in the remainder of the text in
each section. The above diagram can be referred to if necessary.



Monitor Mode

Since the PMS system is connected inline between your engine and
the ECU, all critical sensors are monitored in real time. The output

of these sensors is displayed “live” on the PMS data terminal and

provides valuable information about how your engine is running and

how your programmed modifications are affecting its performance.
When the data terminal is first powered up, the EFI logo, copyright
date and current version information are briefly displayed on the

screen. When communication is established between the terminal
and main controller, data screen #1 will show eight lines of valuable

engine data.

... | Engine speed in
revolutions per
minute (RPM)

| Injector duty cycle percentage

on left with actual pulsewidth on

REM o— |
Fuel 0% 0.0«
Timing 10°«—

TPS Idle <«

Load L 04~

Actual ignition timing expressed
in degrees before top dead center

{Throttle position
02 L/R 1.3L 1.3L 1 position|
WTR Temp 180° Load from mass air meter, PMS
Mn Pres 0.0 In Hg load zone on left, meter

voltage on right

07 sensor output left and right
(wideband shows on left
when option is selected)

\ Water temp in

degrees farenheight

To move between monitor screens, press the “+/-” buttons on the

lower right side of the data terminal. From the first monitor screen,

press the “-” button to see the second monitor screen.






