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INTRODUCTION TO ECCS

Engine Control System

The Electronic Concentrated Control System consists of sophisticated components that 
manage the combustion process for Nissan and Infiniti vehicles.

ECCS systems have evolved since their debut on the 280ZX in 1981. Nissan and Infiniti ECCS 
controls now manage everything from OBD II emission control systems to the Variable Valve 
Event and Lift controls introduced on the G37 and 370Z. 

All internal combustion gasoline engines require three things in order to run:

• A mixture of Air and Fuel

• A spark to ignite the mixture

• Compression to provide power to push the pistons

The ECCS System uses an Engine Control Module (ECM or ECU) to gather input information 
from a host of sensors. These sensors provide details about the amount of air and fuel the 
engine requires, and they inform the ECM regarding how much air and fuel the engine is using. 
The ECM uses the data from these sensors to adjust the air fuel mixture for the most efficient 
combination of low emissions and powerful performance.

The amount of air entering the intake manifold is measured by the Mass Air Flow sensor (MAF), 
and air flow is controlled by the Electronic Throttle (ETC). An electric pump supplies fuel 
pressure to a fuel rail and the ECM energizes a fuel injector which sprays a precise amount of 
fuel into the intake manifold. 

The ECCS system features many additional sensors and components to control the air and fuel 
supplied to the engine under all possible operating conditions, and this text will cover those in 
detail - but the first step in troubleshooting ‘no start’ conditions is to check air, fuel, spark and 
compression.

The spark required to ignite the air fuel mixture is controlled by the ECM. Most Nissan and Infiniti 
vehicles feature a Direct Ignition system with an ignition coil for each cylinder. The ECM controls 
the timing of the spark based on engine RPM and other engine operating conditions. 
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The engine must have adequate compression in order to start. Although the ECCS course does 
not focus on the mechanical condition of the engine, this must not be overlooked when 
diagnosing driveability or starting problems. 

The Four Stroke Cycle

The graphic below illustrates the 4 stroke cycle. Air and fuel enter the combustion during the 
intake stroke, the mixture is compressed during the compression stroke, the burning mixture 
pushes on the piston during the power stroke and the burned mixture is forced out of the 
combustion chamber during the exhaust stroke.

The ECM controls the air intake through the 
electronic throttle. Fuel is injected when the 
ECM energizes the fuel injector.The spark 
plug ignites the air / fuel mixture based on 
timing controlled by the ECM. 

If the compression chamber is sealing 
properly - that is, if the valves, piston rings 
and pistons are in good condition - the 
burning air fuel mixture will expand and 
push down on the piston providing the 
power required to start the engine.

Troubleshooting the ECCS system begins 
with confirming that the ECM and engine 
are performing these basic functions. 
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The Engine Mechanical course offered in the Nissan and Infiniti training centers provides 
detailed information regarding engine technologies. This course features shop work to measure 
and evaluate the condition of all major engine components.

There are several SIR videos that review basic engine technology including:

- Volume N54 / I36: Exploring Engine Technology

- Volume 95: New Technologies

- Volume 145: Variable Valve Event and Lift

A prerequisite to enrolling in the Engine Mechanical course is the On-Line Training program 
titled ‘Introduction to Engine Mechanical Service’. (EMTC9915-OLT) Watch this program to 
learn the basics of Nissan and Infiniti engine technology.

Troubleshooting problems with the ECCS Engine Control system requires starting with the 
basics.

• Confirm the ignition system is providing a strong spark at the correct time

• Confirm the vehicle has air and fuel

• Confirm the engine is in good mechanical condition and has adequate compression
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ECCS Systems and Components

The schematic drawing above is typical of Nissan and Infiniti ECCS controls. The major 
components controlling emissions and performance are featured in this illustration.

The ECCS system performs the following basic functions:

• Controls the electric fuel pump

• Controls the amount and timing of fuel supplied through the fuel injectors

• Measures and controls the amount of air entering the intake manifold

• Provides a correctly timed ignition spark

• Provides ‘feedback’ to the ECM to produce the most efficient air fuel mixture

• Diagnoses problems with input sensors or output actuators and illuminates the Service 
Engine Soon lamp as required

• Controls hydrocarbon emissions by monitoring the condition of the Evaporative system
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Fuel Pump Control

Nissan and Infiniti ECCS systems pressurize the fuel in the tank and deliver that fuel to the fuel 
injection manifold. 

Older systems, (pre 2002) used a vacuum operated pressure regulator to vary pressure 
between 34 and 43 PSI.

Current fuel pumps deliver 51 PSI to the fuel injector manifold whenever the vehicle is running. 
The tank mounted pump assembly internally regulates pressure to the 51 PSI specification. 

Nissan and Infiniti fuel pumps are 
installed in the fuel tank.

The dampers and pressure 
regulators  are integral to the 
pump assembly. 

The fuel pump needs to be 
thoroughly sealed at its mounting 
points so fuel vapors cannot 
escape from the fuel tank. 

Check with the ESM. Some 
Nissan and Infiniti vehicles 
require special tools to remove 
the fuel pump lock ring. 
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The ECM controls the fuel pump. By regulation, the fuel pump must be turned Off if the engine is 
not running. When the vehicle is started, the fuel pump will operate for 1 second, but will then 
turn Off if the engine is not running. ECCS uses the input signals from the crankshaft or 
camshaft position sensors to the ECM to confirm the engine is running. The ECM will then 
continue to energize the fuel pump. 

There are only two ECM input signals that control fuel pump operation. Engine Speed 
information is provided by the Crankshaft or Camshaft Position sensors and the Ignition Switch 
provides an ‘ON or START’ signal.

As long as the ECM senses engine speed, it will enable the fuel pump relay to remain energized. 
If the vehicle stalls, or is disabled in an accident, the ECM will disable the fuel pump relay. 

This typical schematic shows the fuel pump relay inside the Intelligent Power Distribution 
Module (IPDM-ER). The ECM controls the fuel pump relay coil. The IPDM is located in the 
engine room (ER) and supplies power to many systems on the vehicle. Fuses in the IPDM-ER 
are serviceable, but the relays are not. The IPDM-ER must be replaced in the event of a relay 
failure.
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Checking Fuel Pressure

The Symptom Chart in Nissan and Infiniti ESMs lists items to check in priority order based on 
the problem with the vehicle. In the event of a ‘No - Start’ condition, the fuel pump is one of the 
first items that should be checked.

The first test for the suggested in the ESM is to pinch the fuel delivery line and confirm that fuel 
flows through the line for about 1 second after the ignition is turned On. Remember that the fuel 
pump will only run for 1 second unless the ECM receives engine an RPM input signal.
ECCS Text 9



Checking fuel pressure is listed as a lower priority on the Symptom Chart. If the fuel pump is 
operating and other systems are checked for a ‘No - Start’ condition, eventually the fuel pressure 
would need to be inspected. Special Service Tool J-44321 is required for the quick disconnect 
fittings used on Nissan and Infiniti fuel manifolds.

The procedures for inspecting fuel pressure are detailed in the example above copied from an 
Infiniti ESM.

Fuel Injector Control

There are many input signals to the ECM to control the Fuel Injector pulse.

In the sample chart above, these input signals are listed in priority order. POS and PHASE, in 
addition to the Mass Air Flow sensor are the most important ECM input signals to control the 
length of the fuel injector pulse.
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The ECM controls the fuel injector by grounding the output circuit for a few milliseconds. Battery 
voltage powers the fuel injector and when the ECM supplies a ground, current flow creates a 
magnetic field in the injector coil. Pressurized fuel is then sprayed into the intake manifold. 

The ESM indicates the ‘Reference Value’ for the injector pulse should be about 2 to 3 mSecs at 
idle speed when inspected with CONSULT-III. CONSULT-III will not show the pulse for each 
separate injector, but will list the pulse width the ECM is using for all the injectors or for each 
bank of the engine. An oscilloscope is the most effective way to check individual injectors.

ECCS controlled fuel injector circuits will not set a specific Diagnostic Trouble Code (DTC) if 
there is an electrical open or short in the circuit. DTCs for a ‘Misfire’ or ‘Fuel System Lean’ could 
be set, and these conditions will be reviewed later in this text. 

The ESM recommends using a stethoscope to listen for the fuel injector to click when the 
engine is running. Voltage tests can also be used to confirm fuel injector operation.

The graphic below tests for a voltage drop across the injector while the engine is running.

The most accurate way to 
measure injector pulse is 
with an oscilloscope or 
CONSULT-III. 

In this example, the ECM 
has grounded the output 
circuit for the fuel injector 
for 1 mSec. That is the 
amount of time that injector 
voltage remains at 0 volts.

CONSULT-III can also be 
used to check the injector 
pulse width in Data Monitor.

The DVOM in this example is 
reading less than battery 
voltage with the engine running.

If the engine RPM is increased, 
voltage on the injector ‘output’ 
wire will drop as the ECM holds 
the injector open for a longer 
pulse. 

It is typical for voltage to drop 
to between 8 and 11 volts 
under heavy acceleration.
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Electronic Ignition (EI) System

The Electronic Ignition System uses most of the same input signals as the Fuel Injection Control 
system. Engine RPM, engine load, coolant temperature and throttle position all contribute to the 
timing of the spark.

Input signals controlling the Power Transistor are shown in this chart and are typical of most 
Nissan and Infiniti ignition systems. Inputs are listed in order of importance from top to bottom.

Note that Crankshaft and Camshaft position sensors are the most important Electronic Ignition 
inputs, providing engine speed and piston position information to control spark timing.

The Power Transistor is switched On and Off by the ECM. 

The ECCS system controls the timing of the spark to 
provide the engine with power during acceleration and 
maintain efficient combustion at idle speed.

Most Nissan and Infiniti vehicles have a specification of 
15° to 18° before Top Dead Center at idle speed and 25° 
to 45° BTDC at 2000 RPM. 

Nissan and Infiniti recommend ignition timing be checked 
with a timing light, and most models enable a small 
adjustment to advance or retard timing using the 
CONSULT-II or III diagnostic tool.

The Knock sensor is a critical input to the ECM. Ignition 
timing will be retarded if the knock sensor indicates that 
the engine has a pre-ignition or knocking problem. 

Nissan and Infiniti Direct Ignition systems provide a power 
transistor for each cylinder’s coil assembly, simplifying 
system operation and diagnostics. 
12 ECCS Text



Ignition System Operation

Nissan and Infiniti Direct Ignition Systems combine the Power Transistor and Ignition Coil into 
one component. In the typical system shown above:

• Battery voltage is supplied to the red (R) wire from the ECM relay when the ignition is On

• The red wire supplies 12 volts to the Primary winding in the coil

• Current will not energize the primary winding until the ECM sends a signal to the ‘Base’ of 
the Power Transistor - terminal #1 at the ignition coil (Y/R for coil #1, G/R for coil #2)

• When the ECM sends a signal to the power transistor, the transistor will switch the primary 
winding to ground, energizing the ignition coil

• A magnetic field is created in the coil as current flows through the primary winding

• The ECM will turn Off the base signal after a few milli-seconds, opening the primary circuit

• The magnetic field ‘collapses’ across the secondary coil winding, usually creating a 7000 to 
15,000 (7 to 15KV) volt spark

• This voltage jumps across the spark plug gap to ground, creating the spark which ignites the 
air / fuel mixture
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Ignition Misfire Diagnosis

If the Ignition System malfunctions, the engine could misfire. This condition could result in fuel 
from the misfiring cylinder getting into the exhaust system and catalytic converter. Too much fuel 
in the catalyst could destroy the converter and increase vehicle emissions.

The ECM detects misfires by monitoring crankshaft speed using the crankshaft position (POS) 
sensor. If one cylinder is not producing an increase in crankshaft speed, the ECM will set a 
diagnostic trouble code (DTC) identifying the misfiring cylinder.

The DTC P0304 indicates that cylinder number 4 is misfiring. The ESM will provide a diagnostic 
procedure that will enable technicians to isolate the problem. The ESM demonstrates checking 
for spark by confirming the coil is strong enough to produce a spark capable of jumping an air 
gap between 13 and 17 millimeters long. 
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Ignition System ‘No Spark’  Diagnosis

The Power Transistor is an electronic ‘switch’. When there no voltage signal at the base 
(terminal #1 at the coil shown previously), the ‘switch’ is open and current will not flow through 
the coil primary winding. When the ECM sends voltage to the transistor base, the ‘switch’ will 
close and current will flow. The transistor circuit closes and opens very quickly, so testing with a 
voltmeter is not recommended. In this graphic, you see how the ESM recommends confirming 
the base signal.

If a cylinder has no spark at the coil, this test is necessary to confirm that the ECM is sending a 
pulse signal to the base of the Power Transistor.

Ignition Coil circuit failures will not set a 
specific DTC, but a Misfire DTC will set if the 
coil is not providing a spark.

The 12V Power Supply to the coil must be 
confirmed when the ignition is ‘On’. 

When the POS and PHASE (crankshaft and 
camshaft position) sensors provide input to 
the ECM, the ECM will send a signal to 
terminal #1 of the coil.

The ‘Base’ signal should be confirmed using 
an oscilloscope. Using the CONSULT-III 
Measurement Interface is a good way to 
check for this signal.

The coils must have a good ground. Tech 
Line reports that negative battery cables and 
‘F’ harness grounds should be inspected, 
changed or repaired if ground voltage drop 
exceeds 50 milli-volts. (0.05V)
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Air Flow Control

All internal combustion engines require an air / fuel mixture, a spark and engine compression to 
support combustion. Nissan and Infiniti ECMs control fuel pump and fuel injector operation 
based on inputs from critical sensors. The ECM uses many of the same sensor inputs to control 
ignition timing. 

Nissan and Infiniti vehicles control air flow into the engine through an Electric Throttle Controller 
(ETC). The ETC system replaced cable controlled throttle valves for most Nissan and Infiniti 
models in the 2002 model year.

An Accelerator Pedal Position (APP) sensor signals the ECU that more throttle opening is 
requested, and the ECU operates an electric motor to open the throttle. The Mass Air Flow 
sensor measures the amount of air entering the engine and the fuel injection pulse is adjusted as 
necessary. The Mass Air Flow sensor provides an input signal indicating engine load, and is 
critical for good vehicle driveability and efficient combustion.

Nissan and Infiniti vehicles will set a DTC if the Mass Air Flow sensor has an open or short 
circuit. Late models will also set a code for Mass Air Flow if sensor input voltage is too high or 
low based on the engine load conditions. 

The ECM controls the Electric Throttle 
Controller based on input from the 
accelerator pedal position sensor.

Sensors 1 & 2 provide the ECU with 
feedback regarding the position of the 
throttle valve.

Vehicles equipped with Traction Control 
use ‘slip’ indications from wheel speed 
sensor input to regulate throttle position 
and control engine torque.
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Testing Engine Control Components

Troubleshooting the ECCS system requires the use of CONSULT-III, a digital volt / ohm meter 
(DVOM), and an Oscilloscope. To use these tools effectively, technicians must have experience 
testing circuits for power supply, resistance, continuity and voltage drops. 

This section of the text will provide a review of some of basic ECCS Component electrical 
inspections.

Power Supply

Most Nissan and Infiniti vehicles supply battery voltage to each fuel injector through the ignition 
switch and a fuse. Each injector should have battery voltage available on the power supply wire 
with the ignition On or the engine running.

The power supply for some ECCS components is battery voltage. Mass Air Flow sensors, Fuel 
Injectors and Ignition Coils all use 12V power supplies on Nissan and Infiniti ECCS systems.

A digital Volt/Ohm meter 
should always be used when 
testing ECCS circuits.

In this example, the meter is set 
to DC Volts and is measuring 
the power supply available to 
the fuel injector with the engine 
running.

In this simplified picture, the 
ignition switch is not shown 
and the meter indicates battery 
voltage.
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Sensor Testing

Many input sensors are powered by 5 volts. The ECM supplies this 5 volt signal for the Coolant 
Temperature sensor, Accelerator Pedal Position sensor, Crankshaft Position sensors and many 
others. 

In the example shown above, the coolant sensor is grounded through he ECM. The sensor has 
high resistance when the coolant is cold, and sensor resistance drops as the coolant 
temperature increases. 

This type of sensor is called a negative temperature coefficient or NTC sensor. The 5 volts 
supplied by the ECM will drop as the coolant sensor gets hotter. If the connector is unplugged, 
the DVOM should always indicate about 5 volts. Once the sensor is plugged in, voltage will drop 
based on coolant temperature.

The ignition switch (not shown) is 
On, and the Engine Coolant sensor 
is unplugged. 

The positive lead of the DVOM is 
connected to the power supply wire 
for the sensor.

The meter indicates 4.97 volts, 
which is within acceptable limits.

The ECM supplies a 5 volt signal so 
that changes in battery voltage will 
not affect sensor performance.
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Input Voltage 

The voltage on the ground wire should never change. Nissan and Infiniti ESMs recommend that 
ground connections for sensors measure less than 0.1 volts. If there is a poor connection, or 
corrosion between the coolant sensor ground wire and the chassis, the DVOM may indicate 
more than 0.1 volts when testing for voltage drop. Excessive voltage drop will change the input 
voltage reading at the ECM and could affect driveability. 

NOTE: The voltage drop reading above of 0.02 volts or 20 millivolts indicates a 
good ground connection. Most sensors should have a ground side  volt-
age drop of 0.02 to 0.04 (20 to 40 millivolts) or less.

The coolant sensor connector is 
plugged back in, and the coolant is 
about 68 degrees F.

The 5 volt power supply drops to 
about 3.5 volts as current flows 
through the sensor to ground.

The ECM provides specifications 
for ECT sensor voltage based on 
the actual coolant temperature. 

The ignition is turned On, and the 
DVOM is connected to the ground 
wire for the coolant sensor.

The reading of 0.02 volts indicates 
a good ground connection.

The ESM will recommend either 
resistance or voltage drop 
inspections to check ground 
circuits. 

Voltage drop inspections are 
considered to be more accurate.
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Power Supply and Input Voltage, 3 Wire sensors

There are many sensors that operate on a 5 volt Power Supply. The AVCC terminal at the ECM 
supplies a constant 5 volt signal to this EVAP Pressure sensor.

The sensor Input Signal (FTPRS) will vary from 1.8 to 4.8 volts depending on pressure in the 
evaporative system.

Approximately 4.2 volts is a normal reading with the Key On and the Engine Off at sea level. 

The EVAP Pressure sensor shown above is a good example of a typical 3 wire sensor used on 
Nissan and Infiniti ECCS systems. The first step in ECM diagnostics is to inspect the ground 
circuit for the sensor. The voltage drop on the black wire at terminal 1 of the pressure sensor 
should be 0.1 volt or less - just as indicated for the coolant sensor ground connection.

The next test would be to confirm the power supply is approximately 5 volts.

The input signal is the last test for the pressure sensor. This voltage will vary based on EVAP 
pressure. The ESM recommends testing for about 4.2 volts with the key On and engine Off. This 
voltage will vary based on atmospheric pressure. 

If you apply about 7 - 8” HG vacuum, the voltage should drop to between 2.1 and 2.5 volts. 
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General Information - Testing Electrical Circuits

The General Information section of the ESM provides instructions for basic circuit testing 
procedures. 

ECCS circuits should always be tested with a digital Volt / Ohm meter. These meters features 
higher internal resistance than analog style testers. Many ECCS circuits use very small amounts 
of current between input sensors and vehicle computers. Analog testers may effect these 
circuits by allowing too much current to flow in the circuit when testing the system. Test lights 
should never be used when testing ECCS circuits because they allow much more current flow 
than digital multi meters. Using a test lamp to test an ECCS circuit could easily damage the 
ECM. 

In the graphic below copied from the ESM, note the reference to voltage drop testing when 
troubleshooting a problem with a lighting circuit.

• The DMM (digital multi meter) indicates the ‘Power Supply’ voltage at the light bulb is 7.9 
volts and the reading should be about the same as battery voltage.

• 11.9 volts are available after the switch is closed.

• The frayed wire creates high resistance. There is less actual wire available for current to flow, 
and the circuit problem causes an excessive voltage drop.

• In this example, an ohmmeter would indicate that this wire is OK, because it does have con-
tinuity.

• The voltage test indicates that the problem is between the switch and the bulb, and in this 
example the excessive voltage drop causes the bulb to glow dimly.

NOTE: Remember that in ECCS circuits the power supply could be 12v or 5v. In 
either case, testing voltage in various points in the circuit is the best way 
to find the cause of excessive voltage drop.
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In the graphic below, the DMM is connected to pinpoint the wire causing the voltage drop. 

• The battery has 12 volts available. 

• The ground circuit, the wire to the switch and the switch itself use very little voltage. The 
graphic indicates specifications for allowable voltage drops for these parts of the circuit.

• The wire going from the switch to the lamp is ‘using’ or dropping 4.1 volts.

• Wires and switches in a circuit should use little or no voltage.

• Due to this high resistance connection, only 7.9 volts are available for the lamp. 

The General Information (GI) section of the ESM provides information about reading Nissan and 
Infiniti wiring diagrams, interpreting symbols used in the ESM and how harness and connectors 
can be located in the vehicle.

The following resources can also be used to learn more about performing electrical tests on 
Nissan and Infiniti vehicles:

- Introduction to Electrical Components: ELTC9903A - On Line training is available in Vir-
tual Academy

- SIR 139: Diagnosing Electrical Systems

- SIR 127: CAN Diagnosis

- SIR Nissan volume 87, Infiniti volume 67: Electrical Circuit Diagnosis
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Mixture Feedback Control

The ECM controls the air fuel mixture by adjusting injector pulse duration based on input 
information from a host of sensors.

The chart above is typical of Nissan and Infiniti ECCS input signals that effect the fuel injector 
pulse.

• The Crankshaft Position sensor (POS) and Camshaft Phase sensor (PHASE) provide the 
ECM with engine speed signals and piston position information. This is the most important 
input signal to control injector pulse width.

• The Mass Air Flow sensor is the second most important input signal controlling the injector. 
The ECM uses MAF input voltage to determine the engine load based on the quantity of air 
entering the intake manifold.

• The Engine Coolant Temperature sensor (ECT) provides an input signal that causes the 
ECM to enrich the mixture when the engine is cold and leans the mixture by signalling the 
ECM as the engine warms up. 

• The Air Fuel (A/F) sensors send input voltage to the ECM based on the combustion gasses 
measured in the exhaust system. If the exhaust gasses indicate the injector pulse is too rich 
or too lean, the ECM will compensate. This is normally called ‘Feedback Control’. 
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• The Throttle Position (TPS) and Accelerator Pedal Position sensors provide the ECM with 
input information to control the mixture during acceleration and deceleration. Nissan and 
Infiniti vehicles all use Electronic Throttle Controls. 

• The Accelerator Pedal Position sensor (APP) indicates the drivers request for more or less 
throttle opening and the Throttle Position sensors indicate where the ECM has positioned 
the throttle plate. 

The remaining sensors contribute the mixture control, but the sensors listed above are the most 
critical inputs to the ECM to control the air fuel mixture, and they are the sensors we will focus 
on in this text.

The chart indicates how the ECM 
adjust the mixture based on some 
of the input signals listed.

The ECT signal will cause the ECM 
to richen the mixture during cold 
start, and the TPS will affect the 
mixture during acceleration and on 
deceleration.

When the engine is warm, the A/F 
sensors will adjust the mixture 
close to the ideal point of 14.7 
parts air to 1 part fuel.

ECCS controls enable the engine 
to both produce power and limit 
emissions based on these input 
signals.
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Crankshaft Position and Camshaft Phase Sensors

The Crankshaft Position (POS) and Camshaft Position (PHASE) sensors generate a digital 
signal to the ECM that increases in frequency as engine speed increases. The injector pulses 
must also increase in frequency to supply the required amount of fuel. The increase in injector 
pulses is controlled primarily by the engine speed signal provided by the POS sensor. 

The PHASE sensor signal provided by the camshaft (s) enables the ECM to control the timing of 
the injector pulse. Under most driving conditions, the ECM times the opening of the fuel injector 
to provide fuel at the best time to produce power and control emissions. 

If either one of these sensors fail, the other sensor will provide the basic engine speed input 
signal that the ECM needs to keep the engine running.

Ignition Timing, Idle speed, OBD II diagnostics and the Evaporative system are just some of the 
functions affected by the engine speed input signal provided by these sensors. 
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The graphic below is typical of V6 engine crankshaft and camshaft signals. The crankshaft 
flywheel has slots or ‘teeth’. As these teeth pass by the permanent magnet of the crankshaft 
position sensor (POS), the sensor sends a signal to the ECM indicating engine RPM. The wider 
slots shown in the graphic reference piston position for each cylinder.

The camshafts also have teeth to represent the position of the piston for each cylinder. The 
camshaft position sensors (PHASE) send a signal to the ECM so that both fuel and spark can 
be provided to each cylinder at the ideal time.

The ECM will provide sequential fuel injection under normal conditions. Signals from the PHASE 
sensors will identify the position of each piston, and the fuel injectors will open at different times 
for each cylinder to provide fuel at the ideal moment of the intake stroke.

Simultaneous injection will occur when the engine is first started and if the ECM is in ‘Fail Safe’. 
Under these conditions, all the injectors will open at the same time to insure that each cylinder 
has adequate fuel to support combustion. 
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POS and PHASE Sensor Troubleshooting

Diagnostic Trouble Codes (DTCs) for crankshaft and camshaft sensors will set if there is an 
open or short in the circuit. The CKP sensor will usually set a P0335 DTC and the Camshaft 
sensors will set P0340 for Bank 1 and P0345 for Bank 2. 

Each sensor can provide engine speed input information to the ECM. If one of these sensors 
fails, ECCS controls operate in ‘Fail Safe’ based on information from the other sensors.

Nissan and Infiniti POS and PHASE sensors used a 12V power supply from the IPDM-ER on 
most models through the 2006 model year. Most 2007 and newer models use a 5 volt power 
supply from the ECM. 

The permanent magnet sensors each supply a digital signal that increases frequency as the 
engine RPM increases.

The ESM provides instructions for inspecting crankshaft or camshaft position sensors. A typical 
procedure for this inspection is shown in the graphic below. Nissan TSB NTB06-055 describes 
a procedure for using a special tool to ‘deburr’ the CKP sensor flywheel. This tool was required 
for 2006 350Zs with a manual transmission that set a P0335 DTC. 

In this example, a POS sensor 
oscilloscope pattern from the 
ESM is illustrated.

The signal cycles from 0 to 
about 5 volts. The 3V 
reference indicates that if the 
POS signal were measured 
with a DVOM, the meter 
would read a 3V average. 

The condition of the sensor 
and flywheel should be 
checked with a visual 
inspection.

The sensor can be tested for 
resistance. In the test shown, 
the ohmmeter should 
indicate a number of ohms 
when tested.

If the meter indicates ‘0’ 
ohms or ‘OL’ (over limit), the 
sensor should be replaced. 
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Mass Air Flow Sensor

The Mass Air Flow (MAF) sensor samples a volume of air in the intake manifold. The ECM 
determines the proper injection pulse width based primarily on engine speed and MAF input 
voltage.

Mass Air Flow Data Monitor

The chart above displays typical values for the Mass Air Flow sensor when monitored with 
CONSULT-II or III.

MASS AIRFLOW is a calculation of the volume of air being drawn into the intake manifold in 
grams per milli-second. 

Nissan and Infiniti MAF sensors are 
either hot wire or hot film sensors.

The ECM maintains the wire 
temperature by sending current 
through the wire. As increased air flow 
cools the wire faster - the ECM 
increases current flow to maintain the 
wire’s temperature. 

As current flow from the ECM 
increases, the injector pulse is 
lengthened.

The MAF sensor input voltage relates 
to engine load, the greater the voltage 
the greater the loads on the engine.
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Mass Air Flow Sensor Troubleshooting

CONSULT-III can record several possible DTCs for the Mass Air Flow sensor. If the voltage from 
the sensor is too low when the engine is under a heavy load, or if the voltage is too high when 
loads on the engine are light - the ECM will set P0101.

If the MAF sensor has an electrical short circuit, or input voltage is close to 0 volts, the ECM will 
set P0102. If the input voltage is too high, indicating an electrically open circuit the ECM will set 
P0103. 

P0101 is a ‘rationality’ type DTC, indicating that the sensor circuit is neither open or shorted, but 
the voltage from the sensor does not match input information from other sensors such as the 
throttle sensor and crankshaft position sensor.

The sample Data Monitor screen below displays the performance of the Bank 2 sensor that set 
the P010C DTC. This code was set on a vehicle with a MAF sensor for each bank.

P010C is set if the voltage from the Bank 2 
MAF sensor is too low based on engine load. 

The MAF input voltage for 
Bank 1 is 2.60 volts.

The Bank 2 MAF is 
unplugged and the input 
voltage is 0.

The ENG SPEED indicates 
the RPM is surging between 
about 2100 and 2400.

This is a ‘Fail Safe’ 
condition. The ECM limits 
RPM to 2400 using fuel cut 
to protect the engine
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In addition to the DTCs that the MAF could set, the ESM lists typical oscilloscope patterns for 
the Mass Air Flow sensor. If the vehicle has set a MAF DTC, but the code cannot be confirmed in 
the shop, the ESM instructs technicians to graph the Mass Air Flow sensor while opening the 
throttle.

In the example shown above, the first Mass Air Flow pattern displays a MAF sensor that is 
responding properly as the throttle is opened quickly.

The second pattern is from a Mass Air Flow sensor that is faulty. This vehicle did not set a DTC, 
but would occasionally stall when coming to a stop. 

Refer to Nissan Technical Bulletin NTB05-080a or Infiniti ITB05-051a for procedures to service 
a vehicle with a Mass Air Flow sensor DTC. The bulletin stresses cleaning the air filter housing 
and replacing the filter with a genuine Nissan air filter. The condition of the filter and housing can 
affect Mass Air Flow sensor voltage and potentially increase emissions or cause driveability 
concerns.
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Engine Coolant Temperature Sensor

The Engine Coolant Temperature sensor input enables the ECM to control driveability and 
emissions during warm up. This sensor controls the injector pulse duration during warm up to 
insure the air / fuel mixture is rich enough to insure good driveability. ECT input also helps the 
ECM control ignition timing, the feedback control system and many evaporative system 
functions.

A description of the Coolant sensor, and typical voltage and resistance values are shown in the 
chart below. 
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 Engine Temperature Coolant sensor circuit operation is detailed in the following graphic.

The following screen print shows ‘Fail Safe’ conditions for the Engine Coolant Sensor. Several 
conditions will put the ECM in Fail Safe to insure the engine can operate without damage or 
increased emissions.

If the coolant sensor circuit develops an open or short, the ECM will set one of the Diagnostic 
Trouble Codes (DTCs) shown in the fail safe chart above. The CONSULT-III will display a tem-
perature of 104°F when the engine is started, and that temperature will gradually increase if the 
engine is running. 104°F is a temperature low enough to richen the mixture and enable the 
engine to start under most conditions. After the engine has been running 4 minutes, the CON-
SULT-III will display 176°F. This is operating temperature and enables the ECM to control emis-
sions systems and insure good driveability. The ECM provides ‘Fail Safe’ conditions in the event 
of several component failures. ECT, Mass Air Flow and Throttle sensors are examples of compo-
nents that may put the ECM in fail safe if they set a DTC.

The ECM supplies the Coolant sensor 
with a 5 volt Power Supply.

The resistor in the ECM is a fixed value 
and provides a second ‘load’ in the 
circuit. 

When coolant is cold, ECT resistance 
is high and the voltage measured by 
the ECM remains high.

As the coolant warms up, ECT 
resistance decreases. Most of the 5 
volt power supply then drops across 
the fixed resistor in the ECM. 

The ECT has a variable voltage drop,  
and the ECM reads this changing 
voltage to adjust the air fuel mixture. 
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Normality and Rationality DTCs

OBD II regulations required all manufacturers to program their ECMs to set consistent DTCs for 
common components. For example: P0117 & P0118 are common to all manufacturers for 
Engine Coolant sensor circuit failures. P0117 or P0118 are set if the ECM determines that 
sensor input voltage is too high or too low, usually resulting from an open or short circuit. 

Nissan and Infiniti ECCS Systems have monitored major sensors for open or short circuits prior 
to OBD II regulations. In most circumstances, an unusually high voltage value indicates an open 
electrical circuit and an unusually low voltage value indicates a shorted electrical circuit. 

The chart above describes ‘Normality’ type detection logic.

Normality 

The system sets a Diagnostic Trouble Code (DTC) when the Engine Control Module (ECM) 
detects an open or short in monitored circuits. This SELF-DIAGNOSIS system is widely used to 
monitor the operation of many input sensors and actuators.
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Rationality

OBD II regulations require that the Engine Control Module (ECM) monitor the operation of a 
system or component for deterioration. Rationality DTCs involve complex diagnostic logic and in 
many cases require the addition of dedicated sensors to monitor the operation of a system. 

Rationality detection logic is designed to find problems that result from sensors or systems that 
are not operating within normal ranges. Usually these failures do not involve open or short 
circuits and may be more difficult to detect.

The Detection Logic for a coolant sensor with a ‘Rationality’ type DTC is shown above. If a 
P0125 DTC is set, the ECM has determined that the ECT sensor voltage is not practical 
considering how long the engine has been running. Although a harness or sensor problem could 
cause this DTC, the thermostat is also listed as possible cause. P0125 is rarely set on Nissan or 
Infiniti vehicles, and would usually only occur if the coolant sensor indicated low temperatures 
after the engine had been running for about 15 minutes.
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Some sensors are used to help the ECM diagnose ‘Rational’ type failures. The Intake Air 
Temperature sensor is used to diagnose P0125. Some other sensors used to diagnose OBD II 
systems are shown below.

The OBD II Systems Diagnosis and Repair training course covers Rationality diagnostics and 
OBD II controls in greater detail. The ESM will identify DTC Detection Logic and possible 
causes for each DTC. Review this information to save time troubleshooting problems that use 
these sophisticated diagnostics. 

Feedback Control

A/F Sensors
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Feedback Control describes how A/F sensors (or O2 sensors) control the fuel injector pulse. 
The input signals from the POS and Phase sensors, the Mass Air Flow sensor and ECT sensor 
have the greatest affect on the air / fuel mixture. The A/F sensor input signal will cause the ECM 
to increase or decrease injector pulse based on the mixture in the exhaust manifold.

The chart above is typical of Nissan and Infiniti vehicles. When the vehicle is in CLOSED LOOP 
CONTROL, the A/F sensor input will control the mixture. The chart lists conditions when the 
vehicle will not be in closed loop. The A/F sensor will not control the mixture in ‘Open Loop’.

If the mixture in the exhaust manifold indicates the vehicle is too rich or too lean, the feedback 
signal from the A/F sensor will correct the mixture. 

Air Fuel (A/F) sensors have replaced O2 sensors as the primary component for mixture control 
on Nissan and Infiniti vehicles. Oxygen (O2) sensors can only determine the amount of oxygen in 
the exhaust, but the signal from A/F sensors provides more precise mixture feedback for the 
ECM. 

The Heated O2 sensor sends an input signal to the ECM indicating the amount of oxygen in the 
exhaust after the catalytic converter. This signal is used to diagnose catalyst failures. The rear 
O2 sensor may be used to affect the air / fuel mixture if the A/F sensor fails.
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A/F sensors rely on changes in current flow to provide mixture input to the ECM. CONSULT-III 
does not display this very small current. Instead, the CONSULT will display about 1.5 volts, or 
2.2 volts on vehicles produced after 2007,  if the mixture is at the ideal ratio of 14.7 parts air to 
1 part fuel. If the mixture becomes rich, CONSULT-III will display a lower voltage. Lean mixtures 
will display higher voltages.

The ESM information above describes the construction of A/F sensors. Air / Fuel sensors oper-
ate over a wide band of voltage, but Oxygen or O2 sensors operate over a narrow band. 

If the mixture varies from 14.7 parts air to 1 part fuel, the O2 sensor signals the ECM to indicate 
the mixture is either rich or lean. 

Wide band Air / Fuel sensors indicate how rich or how lean the mixture has become, and the 
ECM can use this feedback for more precise mixture control. 

Nissan and Infiniti vehicles began using wide band A/F sensors in 2004 for most models and all 
mixture ratio feedback systems currently rely on these sensors.
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A/F Sensor Troubleshooting

A/F Sensors will set a variety of DTCs if the ECM detects a problem with the sensor circuit. High 
or low voltage, or a sensor that is slow to respond to changes in the mixture will set a code. The 
ESM will recommend CONSULT-III Active test be used to test the sensor. The Active Test 
enables the technician to richen or lean the mixture and confirm the A/F sensor is responding.

A/F Alpha

CONSULT-III Data Monitor can display the A/F Alpha reading indicating how the Feedback 
Control system has changed the mixture to correct a lean or rich condition. In the screen print 
above, the reading reflects that the Active Test has increased the fuel pulse about 15%. 

Alpha data is also a useful to determine if the ECM must make a significant change in the 
injector pulse to correct a problem with the engine control system.

In this example, the 
Active Test 
increased the 
injector pulse by 
15%. 

A/F SEN 1 (B1) 
responded to the 
rich mixture with a 
lower voltage.

A/F SEN 1 (B2) did 
not respond, 
remaining at 1.5 
volts. 
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A/F Alpha readings between 91% and 109% are considered to be within the normal range. 

If the mixture is maintained close the stoichiometric ideal of 14.7 parts air to 1 part fuel, the A/F 
Sensor and catalytic converter will be able to efficiently control emissions. 

When the engine is operated under different conditions, such as wide open throttle or cruising, 
the mixture will vary to insure good driveability and protect the engine. Under these conditions, 
A/F Alpha readings will vary from 100% to reflect the changes in the mixture. Readings between 
91% and 109% are considered normal. 

When the engine is held at a steady RPM under light loads, the air / fuel mixture should be close 
to 14.7 to 1, and Alpha will normally indicate about 100%.

This Data Monitor ‘SPEC’ 
screen provides a range of 
acceptable readings for A/F 
Alpha.

Bank 1 is just under 100% and 
is within specification.

Bank 2 is over 125%. This 
indicates a very lean mixture on 
Bank 2 that exceeds allowable 
limits.

A/F Alpha is how much 
compensation is required to 
correct the air / fuel mixture.
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Throttle Control System

Electronic Throttle Controls

The Throttle Control System for Nissan and Infiniti vehicles consists of two primary components, 
a throttle control actuator and accelerator pedal position sensor. The ECM will operate the throt-
tle motor in this ‘drive by wire’ system based primarily on the input signal from the accelerator 
pedal position (APP) sensor. 

The throttle actuator consists of two sensors that provide input voltages to the ECM regarding 
the opening angle of the throttle valve. 

Accelerator Pedal Position Sensor

The Accelerator Pedal Position (APP) sensor is part of the accelerator pedal assembly and 
sends a variable voltage input signal to the ECM.
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Troubleshooting the Throttle Control System

The throttle motor, throttle sensors and APP sensors will each set a specific DTC if the ECM 
senses a circuit or component failure.

CONSULT-III Data Monitor can be used to confirm operation of the throttle position sensors and 
APP sensors. If these sensors fail, the Throttle Control System will be set into a Fail Safe 
condition by the ECM. This will limit throttle valve openings. The chart below describes the 
typical Fail Safe conditions for a number of possible Throttle Control System failures. 

     DTC results above for the APP sensor and results below for the Electronic Throttle
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Throttle Control System Data Monitor

Oxygen (O2) Sensors

Nissan and Infiniti vehicle used Front O2 sensors to input air / fuel mixture feedback signals on 
models produced through the 2004 or 2005 model year. Vehicles produced since that time use 
A/F sensors to provide more precise feedback to the ECM, in order to better control the air / fuel 
mixture. 

In this screen print, 
ACCEL SEN 2 displays 
4.22 volts indicating the 
pedal sensor signal is 
‘requesting’ Wide 
Open Throttle.

ACCEL SEN 1 displays 
0.01 volts, indicating a 
circuit or component 
failure.

In this Fail Safe 
condition, the throttle 
blade has only opened 
a small amount.
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Front O2 Sensors

Front Oxygen sensors are considered to be operating properly if they cycle from 0.0 volts to 0.3 
volts, indicating they can accurately measure high oxygen content and a lean mixture in the 
exhaust.

They must also cycle from 0.6 to about 1.0 volts to indicate they can identify low oxygen content 
and a rich mixture. Most Nissan and Infiniti ESMs indicate they should cycle between high and 
low voltage at least 5 times in 10 seconds. 1 cycle per second is typical of a O2 sensor mea-
sured at a steady 2000 RPM after the engine and O2 sensor reach operating temperature.

Rear O2 Sensors

Rear O2 sensors are essentially the same as front sensors. All Nissan and Infiniti vehicles cur-
rently rely on these sensors to determine the condition of the catalytic converter.

The Zirconia element in the O2 sensor generates voltage
based on the exhaust oxygen levels

Voltage near 1 volt indicates
a rich mixture.
Voltage near 0.0 volts 
indicates the mixture is lean.

Front O2 sensors vary mixture control by cycling from high
to low voltage as the ECM changes the mixture from slightly
rich to slightly lean. A ‘lazy’ sensor that cycles too slowly
will set a DTC.  
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O2 Sensor Troubleshooting

OBD II regulations require manufacturers to monitor the condition of the catalytic converter. The 
rear O2 sensor provides the ECM input that is used to judge the performance of the catalyst. 

Unlike in the exhaust system before the catalyst, the amount of oxygen measured after the 
catalyst should not change frequently. The catalyst should absorb and store oxygen to enable 
the reactions in the catalyst that reduce HC and CO emissions. The CONSULT-III Data Monitor 
graphic shows a front and rear O2 sensor both working properly, and a catalyst that has 
adequate oxygen storage capacity.

The Front O2 sensor cycles about 10 times in 8 seconds and meets the high and low voltage 
requirements. The Rear O2 sensor also meets the requirements to read both high and low oxy-
gen content, but it is cycling slowly indicating that the catalyst is working properly.

Nissan and Infiniti ESMs recommend using the CONSULT-III Active Testing as an easy way to 
confirm that the Front or Rear O2 sensors are reacting to changes in the mixture. The Fuel 
Injection Active Test enables technicians to dramatically richen or lean the mixture. The O2 
sensor voltage for both front and rear sensors should respond with a high voltage (about 1.0 
volts) when the mixture is 25% rich. When the Active Test is used to lean the mixture, O2 sensor 
voltage should be low (about 0.0 volts).

Front O2 sensors are equipped with heaters that the ECM turns On as soon as the vehicle is 
started. These heaters are required because the sensor must be hot to provide accurate 
feedback and control the mixture quickly.

O2 sensors will not respond quickly unless they reach operating temperatures of about 700 °F. 
CONSULT-III can be used to monitor the sensor heaters and confirm that they have turned On. 

Rear O2 voltage                  Rear O2 voltage
at about 0.7V                      drops to 0.17V
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Rear O2 sensors are not heated until the engine has been run over about 3500 RPM or driven 
for several minutes. The ESM will provide details regarding the operating conditions for the front 
or rear O2 heaters. Rear O2 heaters should be confirmed On using CONSULT-III before they 
are tested.

The catalytic converter cannot absorb enough oxygen to ‘clean up’ the mixture if it has been 
enriched 25% using the CONSULT-III Fuel Injection Active Test. In the screen print from the 
ESM, the CONSULT graph indicates that the rear O2 sensor is responding properly.

A/F Alpha readings are dependent on the mixture and mixture feedback control systems. This 
chart provides information regarding how the O2 sensors and ECM work together to control the 
mixture so that Alpha remains between 91% and 109%. 
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Input Information

There are inputs to the ECM that contribute to the length of the fuel injector pulse or the ignition 
timing, but have less influence than the sensors already reviewed in this text. Examples of these 
signals are inputs from the Transmission Control Module (TCM) and ABS Control Unit.

Knock Sensor

Knock sensors will control ignition timing advance if the engine begins to detonate. 

Power Steering Pressure Switch

The knock sensor 
generates a signal 
like the one shown 
here.

This signal results if 
the engine develops 
pre-ignition or 
‘engine knock’.

The ECM retards the 
ignition timing until 
the knock signal 
indicates that there 
is no longer pre-
ignition. 

Low fuel octane is 
the usual cause of 
engine knock.

The Power Steering Pressure Switch 
(PSP) provides input to the ECM 
regarding power steering pump 
assist. 

If the power steering system is putting 
a load on the engine at low RPM, the 
ECM will open the throttle to increase 
idle speed. 

The ECM will detect a DTC if the 
Power Steering signal voltage is too 
high or too low.
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Battery Voltage

A drop in battery voltage will require the alternator to increase the current used to recharge the 
battery. 

Battery voltage is also used on most Nissan and Infiniti vehicles to adjust both fuel injector pulse 
duration and ignition timing when the vehicle is started. The ECM will monitor battery voltage 
and engine speed. If these input signals confirm the vehicle is being started, the injector pulse 
duration will be increased.

If battery voltage drops below 
a specific voltage, the 
alternator will increase current 
required to recharge the 
battery.

This increased load on the 
engine might result in a lower 
RPM. 

The ECM will open the 
throttle if necessary to 
increase engine speed. 

Many Nissan and Infiniti models 
feature a Battery Current sensor. 

In contrast to the ECM increasing 
idle speed when the battery is being 
charged, this system reduces 
generator output.

When battery voltage is adequate 
and electrical loads are low, the 
ECM will reduce battery charging 
current to minimize engine loads.

The CAN system will send the 
command from the ECM to the 
IPDM-ER to reduce charging 
current. 
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ABS and VDC Inputs

The Antilock Braking and Vehicle Dynamic Control systems each effect ECCS engine controls. 
The ABS system inputs vehicle speed data to the ECM. If the vehicle has a Traction Control 
(TCS) or Vehicle Dynamic Control (VDC) system, this input signal can be used to enhance 
vehicle control. If the ABS control unit senses that wheel speed indicates drive wheels are losing 
traction, the ECM will control the Electronic Throttle to reduce engine power.

Vehicles with VDC systems sense yaw and G force rates. If these inputs indicate understeer or 
oversteer, the ECM will control engine power so the driver can maintain control of the vehicle. 

The Controller Area Network 
(CAN) system connects the 
ABS / VDC control unit to the 
ECM.

The ABS control unit provides 
the ECM with vehicle speed 
input data.

On vehicles equipped with 
Traction Control or VDC, data 
from the control unit to the ECM 
will improve driver control of the 
vehicle by limiting engine power 
until all four wheel speed signals 
are consistent.
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Park Neutral Position (PNP) Switch Input

The PNP switch provides an input signal that indicates the automatic transmission range 
selected by the driver. This input controls engine starting and affects many actuators including 
fuel injection, ignition timing and electronic throttle position. 

AC Input Signal and Body Control Module (BCM)

Nissan and Infiniti 
vehicles use the 
Intelligent Power 
Distribution Module 
(IPDM-ER) in the Engine 
Room to control engine 
starting on many models.

The PNP Switch is the 
critical input to control the 
starter relay for these 
systems. 

The PNP switch is an 
input for the Body Control 
Module (BCM) and the 
ECM on most Nissan and 
Infiniti models

Nissan and Infiniti vehicles 
use the Body Control 
Module (BCM) to control 
many functions including 
engine starting, power 
locks and windows and 
lighting circuits.

The AC compressor is 
cycled On or Off by the 
ECM based on input 
information from the BCM 
and Unified Meter 
assembly. 
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Engine Control Module

The Engine Control Module or ECM is the ‘brains’ of the Electronic Concentrated Engine Con-
trol (ECCS) System. 

The ECM gathers all the input information from sensors, processes the data and operates the 
actuators that control the engine. Fuel injector pulse duration, throttle opening, ignition timing 
and evaporative controls are just some of the actuators controlled by the ECM.

The ECM also contains short term and long term ‘memory’ to fine tune the air / fuel mixture. 
Alpha and Self Learning control are adjustments made by the ECM to correct the mixture based 
on feedback data from the A/F or oxygen sensors.

The Engine Control Module also performs Self Diagnosis. The ECM evaluates input signals for 
‘normality’ failures such as high or low voltage, but also judges ‘rationality’ failures when sensors 
or actuators operate outside practical ranges. The ECM also stores Diagnostic Trouble Codes 
and operates the Service Engine Soon (SES) lamp as per OBD II regulations. 

Fail Safe programs are also managed by the ECM in the event specific failures might result in 
engine damage or emissions problems.
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ECM Troubleshooting

In the example shown, P0605 is the DTC that may set in the event of certain ECM failures. This 
DTC is rarely set on Nissan or Infiniti vehicles.

If the vehicle sets a P0605 code, the ECM may go into Fail Safe, and in this example, the fail 
safe condition would limit the electronic throttle to a very small opening.

Nissan and Infiniti ECMs may be reprogrammed and in many cases, a Technical Service Bulletin 
(TSB) will detail reprogramming details for some specific DTCs.

CONSULT-III offers ECM 
Reprogramming to correct
some DTCs or performance 
problems. 
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CAN Communication

The CAN system links control units, enabling them to share information and simplify the vehicle’s 
electrical wiring. 

CONSULT-III provides sophisticated CAN diagnosis capabilities that enable technicians to 
identify components or connections in the Controller Area Network that are faulty. 
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CAN Communication System Troubleshooting

Nissan Service Bulletin NTB06 - 009a and Infiniti bulletin ITB06 - 004a provide a repair proce-
dure for vehicles that set a CAN DTC of U1000 or U1010. 

CAN system DTCs have been caused by poor ground or poor battery connections. Be sure to 
check ASIST for bulletins if you are working on a vehicle with CAN system DTCs.

If CONSULT-III indicates a U1000 or 
U1010 DTC, and if Freeze Frame Data
indicates these results, the TBS indicates
tightening ground connections (shown 
below) is the recommended repair. 
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Emissions Systems Overview

The OBD II Systems Diagnosis & Repair course focuses on detailed troubleshooting and testing 
for Nissan and Infiniti emission controls. In this section of the text, we introduce some of the 
emission control systems that are part of ECCS controls.

OBD II Regulations

The Clean Air Act of 1990 required manufacturers to engineer On-Board diagnostic controls 
that would turn on the Service Engine Soon (SES) lamp in the event of emission system failures 
even if vehicle driveability was not affected. Basic OBD II regulations are listed in the chart.

Diagnostic Item                             Summary of Regulations

THREE-WAY 
CATALYST

Federal Test Procedure (FTP) diagnostic requirement. Diagnoses the deteriora-
tion of the three-way catalyst function, resulting in HC emissions exceeding 1.5 
times federal emission standards. 

ENGINE MISFIRE

Monitors for: 

• Emissions exceeding 1.5 times federal emission caused by engine misfire 

• Damaged catalyst due to engine misfires. FTP provides continuous monitor-
ing of engine load and engine speed ranges relative to normal torque condi-
tions.

FUEL INJECTION

Monitors for fuel injection system malfunctions that result in emissions exceed-
ing 1.5 times federal emission standards.

FRONT AND REAR 
O2 

SENSORS

Front O2 Sensor: O2 sensor voltage and abnormal response time are used to 
determine if emissions exceed 1.5 times federal emission standards.

Rear O2 Sensor: O2 sensor voltage and response time are assigned standard 
values. These values are used as monitors to determine system malfunction. 
Values exceeding these standards set a Diagnostic Trouble Code (DTC).

EGR SYSTEM

Monitors increases or decreases in flow volume that indicate EGR system mal-
function, resulting in emissions exceeding 1.5 times federal emission stan-
dards.

EVAP SYSTEM

Detects leakage caused by a 0.040 inch or larger hole in the EVAP system. 
Allowable leakage to be further reduced in future OBD generations. In addition, 
the system monitors purge flow during specific driving conditions.
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Three Way Catalyst

The 3-Way Catalyst cleans the exhaust, reducing harmful emissions. Nissan and Infiniti use Rear 
O2 sensors to evaluate the condition of the catalyst. If the catalyst fails to store enough oxygen 
to reduce vehicle emissions, a DTC will set and the SES lamp will illuminate.

Misfire Detection

If the engine develops a misfire, OBD II regulations require that the SES lamp be turned On 
immediately, or even blink to indicate the catalytic converter might be damaged if the vehicle is 
driven under heavy engine loads. 

The Crankshaft Position Sensor (CKP - POS) senses crankshaft speed. If one cylinder has a 
misfire, it will not generate the same signal as the normal cylinders. the CKP sensor will send this 
signal to the ECM and a Misfire DTC will be set for the weak cylinder. In this example of a 4 cyl-
inder engine, P0301 would be set for a misfire on the number 1 cylinder. 

NG
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Fuel Injection System

If the mixture is unusually lean or rich, OBD II regulations require that the ECM set a code. Air 
Fuel Alpha is the indication used by the ECM to detect problems with the fuel injection system. If 
the Alpha reading remains below 90% for extended periods, the ECM may set a code for ‘Fuel 
System Rich’. Fuel System Lean DTCs can be set of the Alpha readings remain above 110% for 
extended periods.

Front and Rear O2 Sensors and A/F Sensors

Older vehicles with Front O2 sensors and current models with A/F sensors use these sensors to 
provide the ECM feedback signals necessary to control the air / fuel mixture. Rear O2 sensors 
result from OBD II regulations requiring manufacturers to monitor catalyst performance.

This screen print 
shows a DTC set if 
Bank 2 is running 
lean.

The ESM lists 
items to check: air 
leaks, A/F sensors, 
fuel injectors, 
exhaust leaks or 
fuel pressure could 
cause this DTC.

The top CONSULT-III Data Monitor 
graph illustrates a Front O2 sensor 
cycling from high to low voltage. The 
frequency of the cycling indicates the 
sensor is working properly.

The middle graphic shows the Bank 
1 Rear O2 sensor cycling very 
quickly. The sensor is OK, it cycles 
from low to high voltage, but the 
catalytic converter has failed.

The Bank 2 Rear O2 sensor cycles 
very slowly, indicating that the B2 
catalyst has adequate oxygen 
storage capacity and is OK.

The ECM measures the frequency of 
Rear O2 sensor cycles to judge the 
catalytic converter.
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Exhaust Gas Recirculation (EGR) Systems

EGR systems feed a small amount of exhaust gas into the intake manifold to dilute the air fuel 
mixture when the vehicle is cruising under a light to moderate load. This causes the mixture to 
burn at a lower temperature. Oxides of Nitrogen (NOx) emissions result from high combustion 
temperatures, so the EGR system was designed to reduce NOx emissions.

Nissan and Infiniti vehicles have been phasing out EGR controls. The Nissan Quest is the only 
2009 model that features EGR controls. Systems such as Intake Valve Timing (IVT) control have 
reduced the need for EGR systems. When OBD II first required the reduction of NOx, most 
manufacturers relied on EGR controls to lower combustion temperatures. OBD II regulations in 
the 1990 Clean Air Act required these systems be monitored for failures. The ECM will set a 
number of possible DTCs if the EGR system is not functioning properly.

Evaporative Emissions Systems

Many changes to Nissan and Infiniti Evaporative System controls were required as a result of 
OBD II regulations. Early Evap systems required a canister and purge control valve.

The canister stored fuel vapors and purged them through the intake manifold. The ECM did not 
monitor or diagnose problems with the canister or vapor storage components.
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OBD II regulations required that manufacturers confirm that the fuel storage system could not 
leak hydrocarbon (HC) fuel vapors in to the atmosphere. This required an elaborate system of 
controls.

Evaporative systems required the following components to meet emissions standards when 
OBD II regulations took effect in 1996:

• Large Capacity Charcoal Canister - required to hold more fuel vapor

• Sealing Fuel Filler Cap - the cap needed to seal the tank, but have vacuum and pressure 
reliefs for safely purposes

• Purge Control Solenoid Valve - the ECM controlled and monitored the purge control sole-
noid valve to insure that the system purged fuel vapors at the correct time

• Evap Canister Vent Control Solenoid Valve - this valve was required so that the ECM could 
close the canister vent and check the evap system for leaks

• Evaporative Pressure Sensor (not shown) - the evap pressure sensor is the critical input to 
the ECM to confirm that the system is not leaking and the vapor purge is occurring at the 
proper time

The Evaporative System Controls for Nissan and Infiniti vehicles all include these basic 
components and some vehicles had more sophisticated controls to precisely control fuel vapor 
leaks and purge controls.

As much as 20% of hydrocarbon pollution was caused by the Evaporative System before the 
Clean Air Act requirements which took effect in the 1996. 
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Purge Flow Monitoring and Leak Testing

This graphic illustrates how the fuel tank directs vapor to the EVAP canister. Once the ECM 
determines that the engine is at operating temperature and moving under a light to moderate 
load, the Purge Control Solenoid valve will open to allow vapor to purge into the intake manifold.

When conditions warrant, the ECM will close the purge valve and EVAP canister Vent Control 
valve and monitor the EVAP Control System Pressure sensor. During this procedure, a DTC for a 
Evap system leak will be set if the pressure sensor indicates the canister does not hold pressure 
or vacuum.
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On-Board Fuel Vapor Recovery (ORVR) System

ORVR systems are not part of the engine controls managed by the ECM. The ORVR system is 
required by OBD II regulations and is combined with the evaporative controls found on Nissan 
and Infiniti vehicles.

On-board vapor recovery systems direct fuel vapors stored in the tank into the canister when the 
vehicle is being re-fueled.

If this system has a failure, possible symptoms are a fuel smell or difficulty refilling the tank with 
fuel. 

The ORVR System for Nissan and Infiniti vehicle may contain the following components:

• Refueling Control Valve: When the vehicle is refueled, the filler neck and tank are designed 
to prevent vapor from escaping. The Refueling Control Valve must open to allow vapor to 
pass from the fuel tank to the charcoal canister where it is stored until the system purges. 

• Refueling Vapor Cut Valve: The system shown above includes a vapor cut valve which will 
close when fuel has filled the tank. This will prevent any fuel from being pumped into the can-
ister. 

• Signal Line: This older ORVR system features a signal line that must sense a slight vacuum 
in order for the refueling control valve to open. Fuel flowing through the filler neck produces 
this slight vacuum. 

Current model vehicles do not have a Signal Line as part of the ORVR system. All Nissan and 
Infiniti vehicles after the 2000 model year have the refueling valves inside the fuel tank. Check 
ASIST if you believe you have a ORVR problem. In most circumstances, if a refueling control or 
cut valve are faulty, the fuel tank must be replaced.
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Engine Control Systems Review

Intake and Exhaust Camshaft Timing Systems

Nissan and Infiniti have used Intake and Exhaust camshaft timing systems to both limit emissions 
and increase engine power. Intake Valve Timing (IVT) controls advance the intake cam as RPM 
and engine loads increase. This causes the intake valves to open before the exhaust valves 
close. Valve overlap is the number of degrees when both intake and exhaust valves are open. 
Increasing valve overlap increases engine power and efficiency. Since a small amount of exhaust 
gas mixes with air and fuel entering the combustion chamber, peak combustion temperatures 
are reduced helping to control NOx emissions.

Intake Camshaft controls were introduced on the Infiniti Q45 as Valve Timing Controls (VTC), 
and are hydraulically controlled like the IVT system shown in the graphic. Some models called 
this system CVTC or Continuously Variable camshaft Timing Controls. 

All Nissan and Infiniti IVT systems use oil pressure to control intake camshaft advance. The ECM 
duty cycles a solenoid based on the inputs shown to direct oil pressure to actuator assembly.
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Exhaust Camshaft Timing Controls

Exhaust Valve Timing (EVT) controls were first used on the 2005 VQ35VHR engines featured in 
the 350Z and G35. This system uses an electromagnetic clutch to retard the exhaust cam when 
engine RPM or loads increase. 

Retarding the exhaust cam increases valve overlap by allowing the exhaust valve to remain open 
longer as the intake valve begins to open. Used in combination with the IVT system, some 
models have as much as 70 degrees of valve overlap. Continuously adjusting intake and exhaust 
camshaft timing enables the vehicle to have a smooth idle speed and increased power without 
sacrificing fuel economy or low emissions.

   Camshaft Position 
    Sensors

 Hydraulic Camshaft 
  Actuators

The 2009 Infiniti FX50 
features a 5.0 liter V8 engine.

This engine features both 
intake and exhaust camshaft 
timing controls.

The VK50VE engine uses 
hydraulic controls for both 
intake advance and exhaust 
retard functions.

The ECM controls all Nissan 
and Infiniti camshaft timing 
systems, and will set a variety 
of possible DTCs if the 
system is malfunctioning.
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Variable Valve Event and Lift (VVEL)

This system, like IVT and EVT, is designed to limit vehicle emissions and improve power. The 
VVEL was first featured on the 2008 G35 and the 2009 370Z is also equipped with this system. 

At low RPM and engine loads, the intake valve lift is minimized. This improves idle quality and 
lowers emissions. Once the RPM or engine loads are increased, VVEL controls open the intake 
valves as necessary to enable these performance engines to produce peak power.

The ECM signals the VVEL Control Module when driving conditions require the valve lift be 
increased or decreased. The VVEL module will send current to a DC motor that rotates a control 
shaft. Intake valve lift can be as low as 2 millimeters and as high as 11 millimeters based on 
engine loads. 

The VVEL ‘Ladder’ assembly 
controls intake valve lift. This 
ladder cannot be serviced.

The VVEL Control Shaft Position sensor
provides precise feedback to the ECM 
to enable control of intake valve lift.
The sensor should not be adjusted unless 
it has been replaced.
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ECCS and Engine Control Developments

The Electronic Concentrated engine Control System has adapted to changes in technology and 
emissions regulations for several decades. Hybrid vehicles are powered by ECCS engines and 
electric motors. 

Nissan continues testing various types of hybrid vehicles such as the rear drive system shown in 
this schematic drawing.

Clean diesel technology is developed for future use in Nissan vehicles.

Double Swirl ports improve diesel combustion 
efficiency. Nissan’s clean diesel meets California’s 
SULEV emissions standards.

The design of Nissan’s Diesel
Particulate Filter (DPF) controls 
diesel emissions. The filter design
enables it to regenerate and continue
to clean diesel exhaust. 
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Flex Fuel Engines are featured on several Nissan vehicles.

E85 fuel is 85% Ethanol and can be used on selected Titan vehicles. Bio-fuels such as E85 
produce less CO2 during the combustion process reducing green house gas emissions. Nissan 
has introduced an E100 vehicle in Brazil that can run on 100% ethanol fuel. 

Visit this web address to see the technologies being developed for Nissan and Infiniti vehicles.

http://www.nissan-global.com/EN/TECHNOLOGY/INTRODUCTION/
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