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Introduction - OBD-l, OBD-Il and EMD

OBD-I Systems

OBD:-I vehicles use that same PCM, J1850/CAN serial data communication link, J1962 Data Link Connector, and
PCM software as the corresponding OBD-II vehicle. The only difference is the possible removal of the rear oxygen
sensor(s), fuel tank pressure sensor, canister vent solenoid, and a different PCM calibration. Starting in the 2006
MY, all Federal vehicles from 8,500 to 14,000 Ibs. GVWR will have been phased into OBD-Il and OBD-I systems
will no longer be utilized in vehicles up to 14,000 Ibs GVWR.

OBD-Il Systems

California OBD-Il applies to all California and "California State" gasoline engine vehicles up to 14,000 Ibs. Gross
Vehicle Weight Rating (GVWR) starting in the 1996 MY and all diesel engine vehicles up to 14,000 Ibs. GVWR
starting in the 1997 MY.

"California States" are ones that have adopted California emission regulations, starting in the 1998 MY. At this
time, Massachusetts, New York, Vermont and Maine have adopted California's regulations. These States receive
California-certified vehicles for passenger cars and light trucks, and medium-duty vehicles, up to 14,000 Ibs.
GVWR."

Federal OBD-II applies to all gasoline engine vehicles up to 8,500 Ibs. GVWR starting in the 1996 MY and all
diesel engine vehicles up to 8,500 Ibs. GVWR starting in the 1997 MY.

Starting in the 2004 MY, Federal vehicle over 8,500 Ibs. are required to phase in OBD-II. Starting in 2004 MY,
gasoline-fueled Medium Duty Passenger Vehicles (MDPVs) are required to have OBD-II. By the 2006 MY, all
Federal vehicles from 8,500 to 14,000 Ibs. GVWR will have been phased into OBD-II.

OBD:-Il system implementation and operation is described in the remainder of this document.
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EMD Systems

Engine Manufacturer Diagnostics (EMD) applies to all 2007 MY and beyond California gasoline-fueled and diesel
fueled on-road heavy duty engines used in vehicles over 14,000 Ibs Gross Vehicle Weight Rating (GVWR). EMD
systems are required to functionally monitor the fuel delivery system, exhaust gas recirculation system, particulate
matter trap, as well as emission related ECM input inputs for circuit continuity and rationality, and emission-related
outputs for circuit continuity and functionality. For gasoline engines, which have no PM trap, EMD requirements are
very similar to current OBD-| system requirements. As such, OBD-| system philosophy will be employed, the only
change being the addition of some comprehensive component monitor (CCM) rationality and functionality checks.

EMD vehicles use that same PCM, CAN serial data communication link, J1962 Data Link Connector, and PCM
software as the corresponding OBD-II vehicle. The only difference is the possible removal of the rear oxygen
sensor(s), fuel tank pressure sensor, canister vent solenoid, and a different PCM calibration.

The following list indicates what monitors and functions have been altered from OBD-Il for EMD calibrations:

Catalyst Monitor Not required, monitor calibrated out, rear O2 sensors may be deleted.
Starting in the 2010 MY, a functional catalyst monitor is required.
Misfire Monitor Calibrated in for service, all DTCs are non-MIL. Catalyst damage misfire criteria

calibrated out, emission threshold criteria set to 4%, enabled between 150 °F and 220
°F, 254 sec start-up delay.

Oxygen Sensor Monitor | Rear O2 sensor test calibrated out, rear O2 sensors may be deleted, front O2 sensor
response test calibrated out.

EGR Monitor Same as OBD-Il calibration except that P0402 test uses slightly higher threshold.
Fuel System Monitor Same as OBD-l| calibration.

Secondary Air Monitor Functional (low flow) test calibrated out, circuit codes are same as OBD-I| calibration.
Evap System Monitor Evap system leak check calibrated out, fuel level input circuit checks retained as non-
MIL. Fuel tank pressure sensor and canister vent solenoid may be deleted.

PCV Monitor Same hardware and function as OBD-II.

Thermostat Monitor Thermostat monitor calibrated out.

Comprehensive All circuit checks, rationality and functional tests same as OBD-II.

Component Monitor

Communication Same as OBD-ll, all generic and enhanced scan tool modes work the same as OBD-I|

Protocol and DLC but reflect the EMD calibration that contains fewer supported monitors. "OBD
Supported" PID indicates EMD ($11).

MIL Control Same as OBD-l|, it takes 2 driving cycles to illuminate the MIL.

EMD system implementation and operation is a subset of OBD-Il and is described in the remainder of this
document.

FORD MOTOR COMPANY REVISION DATE: APRIL 6, 2009 PAGE 5 OF 235



Catalyst Efficiency Monitor

The Catalyst Efficiency Monitor uses an oxygen sensor after the catalyst to infer the hydrocarbon efficiency based
on oxygen storage capacity of the ceria and precious metals in the washcoat. Under normal, closed-loop fuel
conditions, high efficiency catalysts have significant oxygen storage. This makes the switching frequency of the
rear HO2S very slow and reduces the amplitude of those. As catalyst efficiency deteriorates due to thermal and/or
chemical deterioration, its ability to store oxygen declines and the post-catalyst HO2S signal begins to switch more
rapidly with increasing amplitude. The predominant failure mode for high mileage catalysts is chemical
deterioration (phosphorus deposition on the front brick of the catalyst), not thermal deterioration.

Index Ratio Method Using a Switching HO2S Sensor

In order to assess catalyst oxygen storage, the catalyst monitor counts front HO2S switches during part-throttle,
closed-loop fuel conditions after the engine is warmed-up and inferred catalyst temperature is within limits. Front
switches are accumulated in up to three different air mass regions or cells. While catalyst monitoring entry
conditions are being met, the front and rear HO2S signal lengths are continually being calculated. When the
required number of front switches has accumulated in each cell (air mass region), the total signal length of the rear
HO2S is divided by the total signal length of front HO2S to compute a catalyst index ratio. An index ratio near 0.0
indicates high oxygen storage capacity, hence high HC efficiency. An index ratio near 1.0 indicates low oxygen
storage capacity, hence low HC efficiency. If the actual index ratio exceeds the threshold index ratio, the catalyst is
considered failed.

If the catalyst monitor does not complete during a particular driving cycle, the already-accumulated switch/signal-
length data is retained in Keep Alive Memory and is used during the next driving cycle to allow the catalyst monitor
a better opportunity to complete, even under short or transient driving conditions.

If the catalyst monitor runs to completion during a driving cycle, it will be allowed to run again and collect another
set of data during the same driving cycle. This would allow the catalyst monitor to complete up to a maximum of
two times per driving cycle, however, the in-use performance ratio numerator for the catalyst monitor will only be
allowed to increment once per driving cycle. For example, if the catalyst monitor completes twice during the current
driving cycle, the catalyst monitor in-use performance numerator will be incremented once during the current
driving cycle and will incremented again for the second completion on the following driving cycle, after the catalyst
monitor entry condition have been met.

Index Ratio Method Using a Wide Range HO2S Sensor (UEGO)

The switching HO2S control system compares the HO2S signals before and after the catalyst to assess catalyst
oxygen storage. The front HO2S signal from UEGO control system is used to control to a target A/F ratio and does
not have "switches" As a result, a new method of catalyst monitor is utilized.

The UEGO catalyst monitor is an active/intrusive monitor. The monitor performs a calibratable 10-20 second test
during steady state rpm, load and engine air mass operating conditions at normal vehicle speeds. During the test,
the fuel control system remains in closed loop, UEGO control with fixed system gains. In order to assess catalyst
oxygen storage, the UEGO catalyst monitor is enabled during part-throttle, closed-loop fuel conditions after the
engine is warmed-up and inferred catalyst temperature is within limits. While the catalyst monitoring entry
conditions are being met, the rear HO2S signal length is continually being calculated. When the required total
calibrated time has been accumulated, the total voltage signal length of the rear HO2S is divided by a calibrated
threshold rear HO2S signal length to compute a catalyst index ratio. The threshold rear HO2S signal is calibrated
as a function of air mass using a with a catalyst with no precious metal. This catalyst defines the worst case signal
length because it has no oxygen storage. If the monitored catalyst has sufficient oxygen storage, little activity is
observed on the rear HO2S voltage signal. An index ratio near 0.0 indicates high oxygen storage capacity, hence
high HC/NOx efficiency. As catalyst oxygen storage degrades, the rear HO2S voltage signal activity increases. An
index ratio near, 1.0 indicates low oxygen storage capacity, hence low HC/NOx efficiency. If the actual index ratio
exceeds the calibrated threshold ratio, the catalyst is considered failed.
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General Catalyst Monitor Operation

Rear HO2S sensors can be located in various ways to monitor different kinds of exhaust systems. In-line engines
and many V-engines are monitored by individual bank. A rear HO2S sensor is used along with the front, fuel-
control HO2S sensor for each bank. Two sensors are used on an in-line engine; four sensors are used on a V-
engine. Some V-engines have exhaust banks that combine into a single underbody catalyst. These systems are
referred to as Y-pipe systems. They use only one rear HO2S sensor along with the two front, fuel-control HO2S
sensors. Y-pipe system use three sensors in all. For Y-pipe systems which utilize switching front O2 sensors, the
two front HO2S sensor signals are combined by the software to infer what the HO2S signal would have been in
front of the monitored catalyst. The inferred front HO2S signal and the actual single, rear HO2S signal is then used
to calculate the switch ratio.

Most vehicles monitor less than 100% of the catalyst volume — often the first catalyst brick of the catalyst system.
Partial volume monitoring is done on LEV and LEV-II vehicles in order to meet the 1.75 * emission-standard
threshold for NMHC and NOx. The rationale for this practice is that the catalysts nearest the engine deteriorate
first, allowing the catalyst monitor to be more sensitive and illuminate the MIL properly at lower emission standards.

Many applications that utilize partial-volume monitoring place the rear HO2S sensor after the first light-off catalyst
can or, after the second catalyst can in a three-can per bank system. (A few applications placed the HO2S in the
middle of the catalyst can, between the first and second bricks.)

Index ratios for ethanol (Flex fuel) vehicles vary based on the changing concentration of alcohol in the fuel. The
malfunction threshold typically increases as the percent alcohol increases. For example, a malfunction threshold of
0.5 may be used at E10 (10% ethanol) and 0.9 may be used at E85 (85% ethanol). The malfunction thresholds are
therefore adjusted based on the % alcohol in the fuel. (Note: Normal gasoline is allowed to contain up to 10%
ethanol (E10)).

All vehicles employ an Exponentially Weighted Moving Average (EWMA) algorithm to improve the robustness of
the FTP catalyst monitor. During normal customer driving, a malfunction will illuminate the MIL, on average, in 3 to
6 driving cycles. If KAM is reset (battery disconnected), a malfunction will illuminate the MIL in 2 driving cycles. See
the section on EWMA for additional information.
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Index Ratio Catalyst Monitor
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CATALYST MONITOR OPERATION:

DTCs

P0420 Bank 1 (or Y-pipe), P0430 Bank 2

Monitor execution

once per driving cycle

Monitor Sequence HO2S response test complete and no DTCs (P0133/P0153) prior to
calculating switch ratio, no SAIR pump stuck on DTCs (P0412/P1414), no
evap leak check DTCs (P0442/P0456), no EGR stuck open DTCs (P0402)

Sensors OK ECT, IAT, TP, VSS, CKP

Monitoring Duration

Approximately 700 seconds during appropriate FTP conditions (approximately
100 to 200 oxygen sensor switches are collected) for switching O2 control
Sensors

Approximately 10 to 20 seconds for wide range O2 control sensors.

TYPICAL SWITCHING O2 SENSOR INDEX RATIO CATALYST MONITOR ENTRY CONDITIONS:

Entry condition Minimum Maximum

Time since engine start-up (70 °F start) 330 seconds

Engine Coolant Temp 170 °F 230 °F

Intake Air Temp 20 °F 180 °F

Time since entering closed loop fuel 30 sec

Inferred Rear HO2S sensor Temperature 900 °F

EGR flow (Note: an EGR fault disables EGR) 1% 12%

Throttle Position Part Throttle | Part Throttle

Rate of Change of Throttle Position 0.2 volts/0.050 s

Vehicle Speed 5 mph 70 mph

Fuel Level 15%

First Air Mass Cell 1.0 Ib/min 2.0 Ib/min
Engine RPM for first air mass cell 1,000 rpm 1,300 rpm
Engine Load for first air mass cell 15% 35%
Monitored catalyst mid-bed temp. (inferred) for first air mass cell 850 °F 1,200 °F
Number of front O2 switches required for first air mass cell 50

Second Air Mass Cell 2.0 Ib/min 3.0 Ib/min
Engine RPM for second air mass cell 1,200 rpm 1,500 rpm
Engine Load for second air mass cell 20% 35%
Monitored catalyst mid-bed temp. (inferred) for second air mass cell | 900 °F 1,250 °F
Number of front O2 switches required for second air mass cell 70

Third Air Mass Cell 3.0 Ib/min 4.0 Ib/min
Engine RPM for third air mass cell 1,300 rpm 1,600 rpm
Engine Load for third air mass cell 20% 40%

FORD MOTOR COMPANY
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Monitored catalyst mid-bed temp. (inferred) for third air mass cell

950 °F

1,300 °F

Number of front O2 switches required for third air mass cell

30

(Note: Engine rpm and load values for each air mass cell can vary as a function of the power-to-weight ratio
of the engine, transmission and axle gearing and tire size.)

TYPICAL WIDE RANGE O2 SENSOR INDEX RATIO CATALYST MONITOR ENTRY CONDITIONS:

Entry condition Minimum Maximum
Time since engine start-up (70 °F start) 330 seconds

Engine Coolant Temp 170 °F 230 °F
Intake Air Temp 20 °F 180 °F

Time since entering closed loop fuel 30 sec

Inferred Rear HO2S sensor Temperature 900 °F

EGR flow (Note: an EGR fault disables EGR) 1% 12%
Throttle Position Part Throttle | Part Throttle
Rate of Change of Throttle Position 0.2 volts/0.050 s
Vehicle Speed 20 mph 80 mph
Fuel Level 15%

Air Mass 2.0 Ib/min 5.0 Ib/min
Engine RPM 1,000 rpm 2,000 rpm
Engine Load 20% 60%
Monitored catalyst mid-bed temp. (inferred) for first air mass cell 850 °F 1,200 °F
(Note: Engine rpm, load and air mass values can vary as a function of the power-to-weight ratio of the
engine, transmission and axle gearing and tire size.)

TYPICAL MALFUNCTION THRESHOLDS:

Catalyst monitor index ratio > 0.75 (bank monitor)
Catalyst monitor index-ratio > 0.60 (Y-pipe monitor)
Catalyst monitor index ratio > 0.50 for E10 to > 0.90 for E85 (flex fuel vehicles)

J1979 CATALYST MONITOR MODE $06 DATA

Monitor ID | Test ID Description for CAN
$21 $80
$22 $80

Bank 1 index-ratio and max. limit unitless

Bank 2 index-ratio and max. limit unitless

** NOTE: In this document, a monitor or sensor is considered OK if there are no DTCs stored for that component
or system at the time the monitor is running.
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Misfire Monitor

There are two different misfire monitoring technologies used in the 2009 MY. They are Low Data Rate (LDR), and
High Data Rate (HDR). The LDR system is capable of meeting the FTP monitoring requirements on most
engines and is capable of meeting “full-range” misfire monitoring requirements on 4-cylinder engines. The HDR
system is capable of meeting “full-range” misfire monitoring requirements on 6 and 8 cylinder engines. All
software allows for detection of any misfires that occur 6 engine revolutions after initially cranking the engine. This
meets the OBD-Il requirement to identify misfires within 2 engine revolutions after exceeding the warm drive, idle
rpm.

Low Data Rate System

The LDR Misfire Monitor uses a low-data-rate crankshaft position signal, (i.e. one position reference signal at 10
deg BTDC for each cylinder event). The PCM calculates crankshaft rotational velocity for each cylinder from this
crankshaft position signal. The acceleration for each cylinder can then be calculated using successive velocity
values. The changes in overall engine rpm are removed by subtracting the median engine acceleration over a
complete engine cycle. The crankshaft acceleration is then processed by two algorithms. The first is optimized for
detection of sporadic and single cylinder patterns of misfire; the second is optimized for multi-cylinder patterns. The
resulting deviant cylinder acceleration values are used in evaluating misfire in the “General Misfire Algorithm
Processing” section below.

High Data Rate System

The High Data Rate (HDR) Misfire Monitor uses a high data rate crankshaft position signal, (i.e. 18 position
references per crankshaft revolution). This high-resolution signal is processed using two different algorithms. The
first algorithm is optimized to detect “hard” misfires, i.e. one or more continuously misfiring cylinders. The low pass
filter filters the high-resolution crankshaft velocity signal to remove some of the crankshaft torsional vibrations that
degrade signal to noise. Two low pass filters are used to enhance detection capability — a "base" filter and a more
aggressive filter to enhance single-cylinder capability at higher rpm. This significantly improves detection capability
for continuous misfires on single cylinders up to redline. The second algorithm, called pattern cancellation, is
optimized to detect low rates of misfire. The algorithm learns the normal pattern of cylinder accelerations from the
mostly good firing events and is then able to accurately detect deviations from that pattern. Both the hard misfire
algorithm and the pattern cancellation algorithm produce a deviant cylinder acceleration value, which is used in
evaluating misfire in the “General Misfire Algorithm Processing” section below.

Due to the high data processing requirements, the HDR algorithm may be implemented by the PCM in a separate
chip. The chip performs the HDR algorithm calculations and sends the deviant cylinder acceleration values to the
PCM microprocessor for additional processing as described below. The chip requires proper operation of the crank
and cam sensor inputs. A P1336 will be set if the chip detects noise on the crank sensor input, or if the chip is
unable to synchronize with the missing tooth location.. A P1336 points noise present on the crank sensor input or a
lack of synchronization between the cam and crank sensors.
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Low Data Rate and High Data Rate Systems
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Generic Misfire Algorithm Processing

The acceleration that a piston undergoes during a normal firing event is directly related to the amount of torque that
cylinder produces. The calculated piston/cylinder acceleration value(s) are compared to a misfire threshold that is
continuously adjusted based on inferred engine torque. Deviant accelerations exceeding the threshold are
conditionally labeled as misfires.

The calculated deviant acceleration value(s) are also evaluated for noise. Normally, misfire results in a non-
symmetrical loss of cylinder acceleration. Mechanical noise, such as rough roads or high rpm/light load conditions,
will produce symmetrical acceleration variations. Cylinder events that indicate excessive deviant accelerations of
this type are considered noise. Noise-free deviant acceleration exceeding a given threshold is labeled a misfire.

The number of misfires is counted over a continuous 200 revolution and 1000 revolution period. (The revolution
counters are not reset if the misfire monitor is temporarily disabled such as for negative torque mode, etc.) At the
end of the evaluation period, the total misfire rate and the misfire rate for each individual cylinder is computed. The
misfire rate evaluated every 200 revolution period (Type A) and compared to a threshold value obtained from an
engine speed/load table. This misfire threshold is designed to prevent damage to the catalyst due to sustained
excessive temperature (1650 °F for P/Pd/Rh advanced washcoat and 1800°F for Pd-only high tech washcoat). If
the misfire threshold is exceeded and the catalyst temperature model calculates a catalyst mid-bed temperature
that exceeds the catalyst damage threshold, the MIL blinks at a 1 Hz rate while the misfire is present. If the misfire
occurs again on a subsequent driving cycle, the MIL is illuminated.

If a single cylinder is determined to be consistently misfiring in excess of the catalyst damage criteria, the fuel
injector to that cylinder will be shut off for 30 seconds to prevent catalyst damage. Up to two cylinders may be
disabled at the same time on 6 and 8 cylinder engines and one cylinder is disabled on 4 cylinder engines. This fuel
shut-off feature is used on all engines starting in the 2005 MY. After 30 seconds, the injector is re-enabled. If
misfire on that cylinder is again detected after 200 revs (about 5 to 10 seconds), the fuel injector will be shut off
again and the process will repeat until the misfire is no longer present. Note that ignition coil primary circuit failures
(see CCM section) will trigger the same type of fuel injector disablement.

The misfire rate is also evaluated every 1000 rev period and compared to a single (Type B) threshold value to
indicate an emission-threshold malfunction, which can be either a single 1000 rev exceedence from startup or four
subsequent 1000 rev exceedences on a drive cycle after start-up. Some vehicles will set a P0316 DTC if the Type
B malfunction threshold is exceeded during the first 1,000 revs after engine startup. This DTC is normally stored in
addition to the normal P03xx DTC that indicates the misfiring cylinder(s). If misfire is detected but cannot be
attributed to a specific cylinder, a P0300 is stored. This may occur on some vehicles at higher engine speeds, for
example, above 3,500 rpm.

Rough Road Detection

The Misfire Monitor includes a Rough Road Detection (RRD) system to eliminate false misfire indications due to
rough road conditions. The RRD system uses data from ABS wheel speed sensors for estimating the severity of
rough road conditions. This is a more direct measurement of rough road over other methods which are based on
driveline feedback via crankshaft velocity measurements. It improves accuracy over these other methods since it
eliminates interactions with actual misfire.

In the event of an RRD system failure, the RRD output will be ignored and the Misfire Monitor will remain active.
An RRD system failure could be caused by a failure in any of the input signals to the algorithm. This includes the
ABS wheel speed sensors, Brake Pedal sensor, or CAN bus hardware failures. Specific DTCs will indicate the
source of these component failures.

A redundant check is also performed on the RRD system to verify it is not stuck high due to other unforeseen

causes. If the RRD system indicates rough road during low vehicle speed conditions where it is not expected, the
RRD output will be ignored and the Misfire Monitor will remain active.
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Profile Correction

"Profile correction" software is used to "learn" and correct for mechanical inaccuracies in the crankshaft position
wheel tooth spacing. Since the sum of all the angles between crankshaft teeth must equal 360°, a correction factor
can be calculated for each misfire sample interval that makes all the angles between individual teeth equal. . The
LDR misfire system will learn one profile correction factor per cylinder (ex. 4 correction factors for a 4 cylinder
engine), while the HDR system will learn 36 or 40 correction factors depending on the number of crankshaft wheel
teeth (ex. 36 for V6/V8 engines, 40 for V10 engines).

The corrections are calculated from several engine cycles of misfire sample interval data. The "mature" correction
factors are the average of a selected number of samples. In order to assure the accuracy of these corrections, a
tolerance is placed on the incoming values such that an individual correction factor must be repeatable within the
tolerance during learning. This is to reduce the possibility of learning corrections on rough road conditions which
could limit misfire detection capability and to help isolate misfire diagnoses from other crankshaft velocity
disturbances.

To prevent any fueling or combustion differences from affecting the correction factors, learning is done during
decel-fuel cutout. This can be done during closed-throttle, non-braking, de-fueled decelerations in the 60 to 40 mph
range after exceeding 60 mph (likely to correspond to a freeway exit condition). In order to minimize the learning
time for the correction factors, a more aggressive decel-fuel cutout strategy may be employed when the conditions
for learning are present and are typically learned in a single 60 to 40 MPH deceleration, but can be learned during
up to 3 such decelerations, or over a higher number of shorter duration decelerations..

For Hybrid Electric Vehicles profile is learned by using the electric drive to spin the crankshaft on the first engine
shutdown during which time profile is calculated.

Since inaccuracies in the wheel tooth spacing can produce a false indication of misfire, the misfire monitor is not
active until the corrections are learned. In the event of battery disconnection or loss of Keep Alive Memory the
correction factors are lost and must be relearned. If the software is unable to learn a profile after three 60 to 40
mph decels, a P0315 DTC is set.

Neutral Profile Correction and Non-Volatile Memory

Neutral profile learning is used at End of Line to learn profile correction via a series of one or more neutral engine
rpm throttle snaps. This allows the Misfire Monitor to be activated at the Assembly Plant. A Test Tool command is
required to enable this method of learning, so this method will only be performed by a Plant or Service technician.
Learning profile correction factors at high-speed (3,000 rpm) neutral conditions versus during 60-40 mph decels
optimizes correction factors for higher rpms where they are most needed and eliminates driveline/transmission and
road noise effects. This improves signal to noise characteristics which means improved detection capability.

The profile correction factors learned at the Assembly Plant are stored into non-volatile memory. This eliminates
the need for specific customer drive cycles. However, misfire profiles may need to be relearned in the Service Bay
using a service procedure if major engine work is done or the PCM is replaced. (Re-learning is not required for a
reflash.)

The 60-40 mph decel profile learning algorithm has been left active in the software as a backup.
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Misfire Monitor Operation:

DTCs

P0315 (unable to learn profile)

P0300 to P0310 (general and specific cylinder misfire)

P1336 (noisy crank sensor, no cam/crank synchronization)

P0316 (misfire during first 1,000 revs after start-up)

Monitor execution

Continuous, misfire rate calculated every 200 or 1000 revs

Monitor Sequence None

Sensors OK

CKP, CMP, MAF, ECT/CHT

Monitoring Duration

Entire driving cycle (see disablement conditions below)

Typical misfire monitor entry conditions:

Entry condition Minimum Maximum
Time since engine start-up 0 seconds 0 seconds
Engine Coolant Temperature 20 °F 250 °F

RPM Range (Full-Range Misfire certified, with 2 rev
delay)

2 revs after exceeding
150 rpm below “drive”
idle rpm

redline on tach or fuel
cutoff

Profile correction factors learned in KAM

Yes

Fuel tank level

15%

Typical misfire temporary disablement conditions:

Temporary disablement conditions:

Closed throttle decel (negative torque, engine being driven)

Fuel shut-off due to vehicle-speed limiting or engine-rpm limiting mode

High rate of change of torque (heavy throttle tip-in or tip out)

Rough Road conditions present

Typical misfire monitor malfunction thresholds:

high rpm and loads

Type A (catalyst damaging misfire rate): misfire rate is an rpm/load table ranging from 40% at idle to 4% at

Type B (emission threshold rate): 1% to 2%

FORD MOTOR COMPANY
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J1979 Misfire Mode $06 Data

Monitor ID | Test ID Description for CAN

A1l $80 Total engine misfire and catalyst damage misfire rate (updated every | percent
200 revolutions)

A1l $81 Total engine misfire and emission threshold misfire rate (updated | percent
every 1,000 revolutions)

A1l $82 Highest catalyst-damage misfire and catalyst damage threshold misfire | percent
rate (updated when DTC set or clears)

Al $83 Highest emission-threshold misfire and emission threshold misfire rate | percent
(updated when DTC set or clears)

A1l $84 Inferred catalyst mid-bed temperature °C

A2 -AD $0B EWMA misfire counts for last 10 driving cycles events

A2 -AD $0C Misfire counts for last/current driving cycle events

A2 -AD $80 Cylinder X misfire rate and catalyst damage misfire rate (updated | percent

every 200 revolutions)

A2 -AD $81 Cylinder X misfire rate and emission threshold misfire rate (updated | percent
every 1,000 revolutions)
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Profile Correction Operation

DTCs P0315 - unable to learn prdfile in three 60 to 40 mph decels
Monitor Execution Once per profile learning sequence.
Monitor Sequence: Profile must be learned before misfire monitor is active.
Sensors OK: CKP, CMP, CKP/CMP in synch
Monitoring Duration; 10 cumulative seconds in conditions

(a maximum of three 60-40 mph defueled decels)

Typical profile learning entry conditions (Customer drive cycle):

Entry condition Minimum Maximum

Engine in decel-fuel cutout mode for 4 engine cycles

Brakes applied (Brake On/Off Switch) No No

Engine RPM 1300 rpm 3700 rpm

Change in RPM 600 rpm/background
loop

Vehicle Speed 30 mph 75 mph

Learning tolerance 1%

Typical profile learning entry conditions (Assembly Plant or Service Bay):

Entry condition Minimum Maximum

Engine in decel-fuel cutout mode for 4 engine cycles

Park/Neutral gear
Engine RPM 2000 rpm 3000 rpm

Learning tolerance 1%
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EVAP System Monitor - 0.040” dia. vacuum leak check

Vehicles that meet enhanced evaporative requirements utilize a vacuum-based evaporative system integrity
check. The evap system integrity check uses a Fuel Tank Pressure Transducer (FTPT), a Canister Vent Solenoid
(CVS) and Fuel Level Input (FLI) along with a Canister Purge Valve (CPV) to find 0.040” diameter or larger evap
system leaks. Federal vehicles can utilize a 0.040" leak check rather than the 0.020" leak check required for
California vehicles. Additionally, some programs may elect to run a 0.090" / 0.020" detection configuration and
turn the 0.040" leak test off as provided for in the regulations. In the case of heavy duty gasoline engines (>
14,000 Ibs), the regulations require 0.150" leak detection only
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The evap system integrity test is done under conditions that minimize vapor generation and fuel tank pressure
changes due to fuel slosh since these could result in false MIL illumination. The check is run after a 6 hour cold
engine soak (engine-off timer), during steady highway speeds at ambient air temperatures (inferred by IAT)
between 40 and 100 °F.

A check for refueling events is done at engine start. A refuel flag is set in KAM if the fuel level at start-up is at least
20% of total tank capacity greater than fuel fill at engine-off. It stays set until the evap monitor completes Phase 0
of the test as described below. Note that on some vehicles, a refueling check may also be done continuously,
with the engine running to detect refueling events that occur when the driver does not turn off the vehicle while
refueling (in-flight refueling).

The evap system integrity test is done in four phases.
(Phase O - initial vacuum pulldown):

First, the Canister Vent Solenoid is closed to seal the entire evap system, and then the Canister Purge Valve
(CPV) is opened to pull an 8" HO vacuum. If the initial vacuum could not be achieved, a large system leak is
indicated (P0455). This could be caused by a fuel cap that was not installed properly, a stuck open Capless Fuel
Fill valve, a large hole, an overfilled fuel tank, disconnected/kinked vapor lines, a Canister Vent Solenoid that is
stuck open, a CPV that is stuck closed, or a disconnected/blocked vapor line between the CPV and the FTPT.

Note: 2009 Model Year and beyond implementations require 2 or 3 gross leak failures in-a-row prior to setting a
P0455 DTC.

If the initial vacuum could not be achieved after a refueling event, a gross leak, fuel cap off (P0457) is indicated
and the recorded minimum fuel tank pressure during pulldown is stored in KAM. A “Check Fuel Cap” light may
also be illuminated. On vehicles with capless fuel fill, a message instructing the customer to check the Capless
Fuel Fill valve will appear in conjunction with a P0457 DTC. Depending on calibration, the MIL may be illuminated
in two or three trips with a P0457 failure.

If the initial vacuum is excessive, a vacuum malfunction is indicated (P1450). This could be caused by kinked
vapor lines or a stuck open CPV. If a P0455, P0457, or P1450 code is generated, the evap test does not continue
with subsequent phases of the small leak check, phases 1-4.

Note: Not all vehicles will have the P0457 test or the Check Fuel Cap light implemented. These vehicles will
continue to generate only a P0455. After the customer properly secures the fuel cap, the P0457, Check Fuel Cap
and/or MIL will be cleared as soon as normal purging vacuum exceeds the P0457 vacuum level stored in KAM.

Phase 1 - Vacuum stabilization

If the target vacuum is achieved, the CPV is closed and vacuum is allowed to stabilize for a fixed time. If the
pressure in the tank immediately rises, the stabilization time is bypassed and Phase 2 of the test is entered.

Some software has incorporated a "leaking" CPV test, which will also set a P1450 (excessive vacuum) DTC. This
test is intended to identify a CPV that does not seal properly, but is not fully stuck open. If more than 1 " H,O of
additional vacuum is developed in Phase 1, the evap monitor will bypass Phase 2 and go directly to Phase 3 and
open the canister vent solenoid to release the vacuum. Then, it will proceed to Phase 4, close the canister vent
solenoid and measure the vacuum that develops. If the vacuum exceeds approximately 4 " H,O, a P1450 DTC
will be set.
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Phase 2 - Vacuum hold and decay

Next, the vacuum is held for a calibrated time and the vacuum level is again recorded at the end of this time
period. The starting and ending vacuum levels are checked to determine if the change in vacuum exceeds the
vacuum bleed up criteria. Fuel Level Input and ambient air temperature are used to adjust the vacuum bleed-up
criteria for the appropriate fuel tank vapor volume. Steady state conditions must be maintained throughout this
bleed up portion of the test. The monitor will abort if there is an excessive change in load, fuel tank pressure or
fuel level input since these are all indicators of impending or actual fuel slosh. If the monitor aborts, it will attempt
to run again (up to 20 or more times). If the vacuum bleed-up criteria is not exceeded, the small leak test is
considered a pass. If the vacuum bleed-up criteria is exceeded on three successive monitoring events, a 0.040 “
dia. leak is likely and a final vapor generation check is done to verify the leak, phases 3-4. Excessive vapor
generation can cause a false MIL.

Phase 3 - Vacuum release

This stage of the vapor generation check is done by opening the CVS and releasing any vacuum. The system
will remain vented to atmosphere for approximately 30 - 60 seconds and then proceed to phase 4.

Phase 4 - Vapor generation

This stage of the vapor generation check is done by closing the CVS and monitoring the pressure rise in the
evaporative system. If the pressure rise due to vapor generation is below the threshold limit for absolute pressure
and change in pressure, a P0442 DTC is stored.
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0.040" Evaporative System Monitor
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0.040” EVAP Monitor Operation:

DTCs P0455 (gross leak),

P1450 (excessive vacuum),
P0457 (gross leak, cap off),
P0442 (0.040” leak)

Monitor execution once per driving cycle

Monitor Sequence HO2S monitor completed and OK
Sensors/Components OK | MAF, IAT, VSS, ECT, CKP, TP, FTP, CPV, CVS

Monitoring Duration 360 seconds (see disablement conditions below)

Typical 0.040” EVAP monitor entry conditions, Phases 0 through 4:

Entry condition Minimum Maximum

Engine off (soak) time 6 hours

Time since engine start-up 330 seconds | 1800 to 2700
seconds

Intake Air Temp 40 °F 95-100 °F

BARO (<8,000 ft altitude) 22.0 “Hg

Engine Load 20% 70%

Vehicle Speed 40 mph 90 mph

Purge Duty Cycle 75% 100%

Purge Flow 0.05 Ibm/min | 0.10 lbm/min

Fuel Fill Level 15% 85%

Fuel Tank Pressure Range -17 H0 1.5 H.0

Typical 0.040” EVAP abort (fuel slosh) conditions for Phase 2:

Change in load: > 20%

Change in tank pressure: > 1 “ H,O

Change in fuel fill level: > 15%
Number of aborts: > 255

Typical 0.040 EVAP monitor malfunction thresholds:

P1450 (Excessive vacuum): < -8.0 in H,O over a 30 second evaluation time or > -4. in H,O vapor generation

(
P0455 (Gross leak): > -8.0 in H>O over a 30 second evaluation time.
P0457 (Gross leak, cap off): > -8.0 in H,O over a 30 second evaluation time after a refueling event.

P0442 (0.040” leak): > 2.5 in H,O bleed-up over a 15 second evaluation time at 75% fuel fill. (Note: bleed-up
and evaluation times vary as a function of fuel fill level and ambient air temperature)

P0442 vapor generation limit: < 2.5 in HO over a 120 second evaluation time
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J1979 Evaporative System Mode $06 Data

TestID | Comp ID Description Units

$3A $80 Phase 0 end pressure result and test limits (data for P1450 — | Pa
excessive vacuum)

$3A $81 Phase 4 vapor generation minimum change in pressure and test limits | Pa
(data for P1450, CPV stuck open)

$3A $82 Phase 0 end pressure result and test limits (data for P0455/P0457 — | Pa
gross leak/cap off)

$3B $80 Phase 2 0.040” cruise leak check vacuum bleed-up and test limits | Pa
(data for P0442 — 0.040" leak)

Note: Default values (0.0 Pa) will be displayed for all the above TIDs if the evap monitor has never
completed. Each TID is associated with a particular DTC. The TID for the appropriate DTC will be updated
based on the current or last driving cycle, default values will be displayed for any phases that have not
completed.
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EVAP System Monitor - 0.020” dia. vacuum leak check

Some vehicles that meet enhanced evaporative requirements utilize a vacuum-based evaporative system
integrity check that checks for 0.020” dia leaks. The evap system integrity check uses a Fuel Tank Pressure
Transducer (FTPT), a Canister Vent Solenoid (CVS) and Fuel Level Input (FLI) along with the Canister Purge
Valve (CPV) to find 0.020” diameter, 0.040” diameter, or larger evap system leaks.
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The evap system integrity test is done under two different sets of conditions - first a cruise test is performed to
detect 0.040” dia leaks and screen for 0.020” leaks. If a 0.020” dia leak is suspected during the cruise test, an idle
test is performed to verify the leak under more restrictive, but reliable, cold-start-idle conditions.

The cruise test is done under conditions that minimize vapor generation and fuel tank pressure changes due to
fuel slosh since these could result in false MIL illumination. The check is run after a 6 hour cold engine soak
(engine-off timer), during steady highway speeds at ambient air temperatures (inferred by IAT) between 40 and
100 °F.

A check for refueling events is done at engine start. A refuel flag is set in KAM if the fuel level at start-up is at least
20% of total tank capacity greater than fuel fill at engine-off. It stays set until the evap monitor completes Phase 0
of the test as described below. The refueling flag is used to prohibit the 0.020” idle test until the gross leak check
is done during cruise conditions. This is done to prevent potential idle concerns resulting from the high fuel vapor
concentrations present with a fuel cap off/gross leak condition. Note that on some vehicles, a refueling check may
also be done continuously, with the engine running to detect refueling events that occur when the driver does not
turn off the vehicle while refueling (in-flight refueling).

The cruise test is done in four phases.
Phase O - initial vacuum pulldown

First, the Canister Vent Solenoid is closed to seal the entire evap system, and then the CPV is opened to pull an
8” H,O vacuum.

If the initial vacuum could not be achieved, a large system leak is indicated (P0455). This could be caused by a
fuel cap that was not installed properly, a large hole, an overfilled fuel tank, disconnected/kinked vapor lines, a
Canister Vent Solenoid that is stuck open, a CPV that is stuck closed, or a disconnected/blocked vapor line
between the CPV and the FTPT.

If the initial vacuum could not be achieved after a refueling event, a gross leak, fuel cap off (P0457) is indicated
and the recorded minimum fuel tank pressure during pulldown is stored in KAM. A “Check Fuel Cap” light may
also be illuminated.

If the initial vacuum is excessive, a vacuum malfunction is indicated (P1450). This could be caused by blocked
vapor lines between the FTPT and the Canister Vent Solenoid, or a stuck open CPV. If a P0455, P0457, P1443,
or P1450 code is generated, the evap test does not continue with subsequent phases of the small leak check,
phases 1-4. These codes also prevent the idle portion of the 0.020” dia leak check from executing.

Note: Not all vehicles will have the P0457 test or the Check Fuel Cap light implemented. These vehicles will
continue to generate only a P0455. After the customer properly secures the fuel cap, the P0457, Check Fuel Cap
and/or MIL will be cleared as soon as normal purging vacuum exceeds the P0457 vacuum level stored in KAM.

Phase 1 - Vacuum stabilization

If the target vacuum is achieved, the CPV is closed and vacuum is allowed to stabilize for a fixed time. If the
pressure in the tank immediately rises, the stabilization time is bypassed and Phase?2 of the test is entered.

Some software has incorporated a "leaking" CPV test, which will also set a P1450 (excessive vacuum) DTC. This
test is intended to identify a CPV that does not seal properly, but is not fully stuck open. If more than 1 " H,O of
additional vacuum is developed in Phase 1, the evap monitor will bypass Phase 2 and go directly to Phase 3 and
open the canister vent solenoid to release the vacuum. Then, it will proceed to Phase 4, close the canister vent
solenoid and measure the vacuum that develops. If the vacuum exceeds approximately 4 " H,O, a P1450 DTC
will be set.
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Phase 2 - Vacuum hold and decay

Next, the vacuum is held for a calibrated time. Two test times are calculated based on the Fuel Level Input and
ambient air temperature. The first (shorter) time is used to detect 0.040” dia leaks; the second (longer) time is
used to detect 0.020” dia leaks. The initial vacuum is recorded upon entering Phase 2. At the end of the 0.040”
dia test time, the vacuum level is recorded. The starting and ending vacuum levels are checked to determine if
the change in vacuum exceeds the 0.040” dia vacuum bleed up criteria. If the 0.040” dia vacuum bleed-up criteria
is exceeded on three successive monitoring attempts, a 0.040” dia leak is likely and a final vapor generation
check is done to verify the leak (phases 3 and 4).

If the 0.040” dia bleed-up criteria is not exceeded, the test is allowed to continue until the 0.020” dia leak test time
expires. The starting and ending vacuum levels are checked to determine if the change in vacuum exceed the
0.020” dia vacuum bleed-up criteria. If the 0.020” dia vacuum bleed-up is exceed on a single monitoring attempt,
a 0.020” dia leak is likely and a final vapor generation check is done to verify the leak (phases 3 and 4).

If the vacuum bleed-up criteria is not exceeded, the leak test (either 0.040” or 0.020” dia is considered a pass. For
both the 0.040” and 0.020” dia leak check, Fuel Level Input and Intake Air Temperature is used to adjust the
vacuum bleed-up criteria for the appropriate fuel tank vapor volume and temperature. Steady state conditions
must be maintained throughout this bleed up portion of the test. The monitor will abort if there is an excessive
change in load, fuel tank pressure or fuel level input since these are all indicators of impending or actual fuel
slosh. If the monitor aborts, it will attempt to run again (up to 20 or more times) until the maximum time-after-start
is reached.

Phase 3 - Vacuum release

The vapor generation check is initiated by opening the Canister Vent Solenoid for a fixed period of time and
releasing any vacuum. The CPV remains closed.

Phase 4 - Vapor generation

In this phase, the sealed system is monitored to determine if tank pressure remains low or if it is rising due to
excessive vapor generation. The initial tank pressure is recorded. The pressure is monitored for a change from
the initial pressure, and for absolute pressure. If the pressure rise due to vapor generation is below the threshold
limit for absolute pressure and for the change in pressure, and a 0.040” dia leak was indicated in phase 2, a
P0442 DTC is stored. If the pressure rise due to vapor generation is below the threshold limit for absolute
pressure and for the change in pressure, and a 0.020” dia leak was indicated in phase 2, a 0.020” idle check flag
is set to run the 0.020” leak check during idle conditions.
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Idle Check

The long test times required to detect a 0.020” dia leak in combination with typical road grades can lead to false
0.020” leak indications while the vehicle is in motion. The Idle Check repeats Phases 0, 1, and 2 with the vehicle
stationary to screen out leak indications caused by changes in altitude. The 0.020” idle check is done under cold-
start conditions to ensure that the fuel is cool and cannot pick up much heat from the engine, fuel rail, or fuel
pump. This minimizes vapor generation. The 0.020” idle check is, therefore, conducted only during the first 10
minutes after engine start.

The 0.020” dia leak test entry conditions, test times and thresholds are used. Unique criteria for excessive
changes in load, fuel tank pressure and fuel level are used to indicate fuel slosh. The test is aborted if vehicle
speed exceeds a calibrated threshold, approx. 10 mph. The initial vacuum pull-down (phase 0) can start with the
vehicle in motion in order to minimize the required time at idle to complete the test. If the vacuum bleed-up is
greater than the 0.020” dia max. criteria during a single monitoring event, a P0456 DTC is stored. If the vacuum
bleed-up is less than the 0.020” dia min. criteria, the pending P0456 DTC may be cleared. If the vacuum bleed-up
is in between, no leak assessment is made. A flowchart of the entire 0.020” test sequence is provided below, on a
subsequent page.

Ford's 0.020” evaporative system monitor is designed to run during extended, cold-start idle conditions where the
fuel is cool and not likely to generate excessive vapors. These conditions will typically occur at traffic lights or
immediately after start-up, (e.g. idle in the driveway).

As indicated previously, the 0.020” idle test uses two sets of malfunction thresholds to screen out test results in
the area where “leak” and “no-leak” distributions overlap. Loss of vacuum greater than the 0.020” malfunction
criteria is designated as a failure. No/low vacuum loss below the pass criteria is designated a pass. Vacuum loss
that is greater than the pass criteria but less that the failure criteria is indeterminate and does not count as a pass
or afail.

Test results in this overlap area can stem from high volatility fuel at high ambient temperatures. These situations
are not expected to be encountered routinely by customers. Therefore, this strategy will only temporarily hamper
monitor performance, while effectively preventing false MIL illumination.

A more detailed description of the functional characteristics of the Evaporative Monitor is provided in the

representative calibration submissions to the agency. Additional calibration information is contained on file by
Ford Motor Company and may be obtained via agency request.
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0.020” EVAP Monitor Operation:

DTCs P0455 (gross leak),

P1450, (excessive vacuum),
P0457 (gross leak, cap off),
P0442 (0.040” leak),

P0456 (0.020” leak)

Monitor execution once per driving cycle for 0.040” dia leak

once per driving cycle, no refueling event for 0.020” dia leak

Monitor Sequence

HO2S monitor for front sensors completed and OK

Sensors/Components OK

MAF, IAT, VSS, ECT, CKP, TP, FTP, CPV, CVS

Monitoring Duration

360 seconds for 0.040” (see disablement conditions below)

60 seconds for 0.020” (see disablement conditions below)

Typical 0.020” EVAP monitor entry conditions, Phases 0 through 4:

Entry condition

Minimum

Maximum

Engine off (soak) time

6 hours

Time since engine start-up for 0.040”

330 seconds

1800 to 2700

seconds

Time since engine start-up for 0.020” idle test 30 seconds 600 seconds
Refueling event (for 0.020” idle test only) none
Intake Air Temp for 0.040” 40°F 90 - 100 °F
Intake Air Temp for 0.020” 40°F 90 °F
Vehicle Speed for cruise test, 0.040 and 0.020” 40 mph 80 mph
Vehicle Speed for idle test, 0.020” 3 mph
Fuel Fill Level for 0.040” (may be 30% to 85% for some large, >25 gal | 15% 85%
tanks)
Fuel Fill Level for 0.020” (may be 30% to 85% for some large, >25 gal | 15% 85%
tanks)
BARO (<8,000 ft altitude) 22.0“Hg
Engine Load 20% 70%
Purge Duty Cycle 75% 100%
Purge Flow 0.05 Ibm/min | 0.10 lbm/min
Fuel Tank Pressure Range -17 H0 16.06 H.O
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Typical 0.020” EVAP abort (fuel slosh) conditions for Phase 2:

Change in load: > 20% for 0.040”
Change in load: > 10% for 0.020”

Change in tank pressure: > 1 “ H,O for 0.040”

Change in tank pressure: > 1 “ H,O for 0.020”
Change in fuel fill level: > 15% for 0.040”
Change in fuel fill level: > 8% for 0.020”

Number of aborts: > 20 (may be up to 255)

Typical 0.020 EVAP monitor malfunction thresholds:
P1450 (Excessive vacuum): < -8.0 in H,O over a 30 second evaluation time or > -4. in H,O vapor generation.
P0455 (Gross leak): > -8.0 in H>O over a 30 second evaluation time.
P0457 (Gross leak, cap off): > -8.0 in H,O over a 30 second evaluation time after a refueling event.
P0442 (0.040” leak): > 2.5 in H,O bleed-up over a 15 sec. evaluation time at 75% fuel fill.

(Note: bleed-up and evaluation times vary as a function of fuel fill level and ambient temperature).
P0456 (0.020” leak): > 2.5 in H,O bleed-up over a 30 sec. evaluation time at 75% fuel fill.

(Note: bleed-up and evaluation times vary as a function of fuel fill level and ambient temperature)
P0442 vapor generation limit: < 2.5 in HO over a 100 second evaluation time.

J1979 Evaporative System Mode $06 Data

Monitor ID | Test ID Description for CAN Units

$3A $80 Phase 0 Initial tank vacuum and minimum vacuum limit (data for | Pa
P1450 — excessive vacuum)

$3A $81 Phase 4 Vapor generation minimum change in pressure and | Pa
minimum vacuum limit (data for P1450, CPV stuck open)

$3A $82 Phase 0 Initial tank vacuum and gross leak maximum vacuum | Pa
limit (data for P0455/P0457 — gross leak/cap off)

$3B $80 Phase 2 0.040” cruise leak check vacuum bleed-up and | Pa

maximum vacuum limit (data for P0442 — 0.040" leak)

$3C $80 Phase 2 0.020” idle leak check vacuum bleed-up and maximum | Pa
vacuum limit (data for P0456 — 0.020" leak)

Note: Default values (0.0 Pa) will be displayed for all the above TIDs if the evap monitor has never
completed. Each TID is associated with a particular DTC. The TID for the appropriate DTC will be updated
based on the current or last driving cycle, default values will be displayed for any phases that have not
completed.

FORD MOTOR COMPANY REVISION DATE: APRIL 6, 2009 PAGE 30 OF 235



EVAP System Monitor - 0.020” dia. Engine Off Natural Vacuum leak check

Some vehicles that meet enhanced evaporative requirements utilize an engine off natural vacuum (EONV)
evaporative system integrity check that tests for 0.020" dia. leaks while the engine is off and the ignition key is off.
The evap system integrity check uses a Fuel Tank Pressure Transducer (FTPT), a Canister Vent Solenoid (CVS)
and Fuel Level Input (FLI) to find 0.020” diameter evap system leaks.

Canister Purge Valve
{(ECM controlled)

= = ] II =% = =%
i Intake
Manifold
f _
ECM
/ | Engine
“ Wires from ECM
pr = =

From Atmo=phere

Vapor Blocking Valve )

(Optional, ECM
controlled)

— | 1 — e
]_E_[ Fuel Tank
HﬂPressure
}
r
% -

= Sensar

Canister Yent YWalve
(ECM controlled)

|

Fuel Tank Evap Canister

The Ideal Gas Law (PV=mRT) defines a proportional relationship between the Pressure and Temperature of a
gas that is contained in a fixed Volume. Therefore, if a sealed container experiences a drop in temperature it will
also experience a drop in pressure. In a vehicle, this happens when a sealed evaporative system cools after the
engine has been run, or if it experiences a drop in temperature due to external environmental effects. This natural
vacuum can be used to perform the leak check, hence the name Engine Off Natural Vacuum (EONV).
Condensation of fuel vapor during cooling can add to the vacuum produced by the Ideal Gas Law.

In contrast to the vacuum produced by drops in temperature, an additional factor can be heat transfer to the
evaporative system from the exhaust system immediately after key-off. Heat transfer from the exhaust at key-off
aided by fuel vaporization may produce a positive pressure shortly after key-off, which can also be used for leak
detection.
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The EONV system is used to perform only the 0.020" leak check while 0.040" dia. leaks and larger (including fuel
cap off) will continue to be detected by the conventional vacuum leak monitor performed during engine running
conditions.

Ford's EONV implementation for California and Green State applications uses a Motorola Star-12 microprocessor
in the PCM to process the required inputs and outputs while the rest of the PCM is not powered and the ignition
key is off. The Star-12 microprocessor draws substantially less battery current than the PCM; therefore, powering
only the Star-12 during engine-off conditions extends vehicle battery life and allows the EONV monitor to run
more often. The PCM is the only difference between California/Green State and Federal vehicles.

Inputs to EONV Microprocessor
e Fuel Tank Pressure
e Battery Voltage
Outputs from EONV Microprocessor
e Canister Vent Solenoid
e 0.020" leak data

MY2005 EONV System Hardware Design

PCM High-Speed Cluster
CAN BUS
Main |« g IV
Moo Micro
A
VBATT > Stay_—alive
FTPT ——»{ Micro Intake Manifold
Fuel Level
VMV Indication
Atmosphere CVSQY(\/ | |
Canister
Fuel Tank

Red: Indicates evaporative system
being monitored for leaks.

FORD MOTOR COMPANY REVISION DATE: APRIL 6, 2009 PAGE 32 OF 235



Phase 0- Stabilization Phase

The purpose of the Stabilization Phase is to allow tank pressure to stabilize after vehicle shutdown (i.e. ignition in
the OFF position). During this phase, the Canister Vent Solenoid (CVS) is open, thus allowing the pressure in the
fuel tank to stabilize at atmospheric pressure. The duration of the Stabilization Phase is approximately 2 minutes.
A fuel volatility check is performed just prior to its completion.

The fuel volatility check measures tank pressure and will abort the test if more than 1.5 "H.0 is observed in the
tank. Because the CVS is open during this test, it would take a good deal of fuel vaporization to produce this
level of pressure on a vented system. As an example, this condition may occur when a customer performs a long
drive with highly volatile, winter fuel on a 100-deg F day. Note: This feature is not used in most applications.

If the fuel volatility check passes, a Fuel Tank Pressure Transducer (FTPT) offset correction factor is learned as
the last step of this phase. This correction factor is applied to pressure measurements in the next phase to
improve FTPT accuracy.

Phase 1 - First Test Phase

At the start of this phase, the CVS is commanded shut, thus sealing up the entire evaporative system. If the
system is sufficiently sealed, a positive pressure or vacuum will occur during depending on whether the tank
temperature change is positive or negative. Other effects such as fuel vaporization and condensation within the
fuel tank will also determine the polarity of the pressure. As the leak size increases, the ability to develop a
positive pressure or vacuum diminishes. With a 0.020" leak, there may be no measurable positive pressure or
vacuum at all depending on test conditions.

During this phase, tank pressure is continuously measured and compared to calibrated detection thresholds (both
positive pressure and vacuum) that are based on fuel level and ambient temperature. If either the pressure or
vacuum threshold is exceeded, the test will be considered a pass, and the monitor will proceed to "Phase 4 —
Test Complete”. If a positive plateau occurs in tank pressure without exceeding the pass threshold, the monitor
will progress to "Phase 2 — Transition Phase". If a vacuum occurs, the monitor will remain in Phase 1 until the
test times out after 45 minutes have elapsed since key-off, or the pass threshold for vacuum is exceeded. In
either case, the monitor will transition to "Phase 4 — Test Complete.”

Phase 2- Transition Phase

This phase will occur if a positive pressure plateau occurred in Phase 1 without the positive pass threshold being
exceeded. At the start of the Transition Phase, the CVS is opened and the evaporative system is allowed to
stabilize. The Transition Phase lasts approximately 2 minutes, and a new FTPT offset correction is learned just
prior to its completion. The monitor will then progress to "Phase 3 — Second Test Phase".

Note: This phase is termed the Transition Phase because there is a chance that a vacuum will be seen in the
next phase if a positive pressure plateau occurred in Phase 1. The reason for this is that a positive plateau may
be coincident with vapor temperature starting to decrease, which is favorable for developing a vacuum in the fuel
tank. This is not always the case, and it is possible to see a positive pressure in Phase 3 as well.

Phase 3- Second Test Phase

Upon completion of the Transition Phase, the CVS is commanded shut and the FTPT is monitored for any
positive pressure or vacuum that develops. As with "Phase 1 — First Test Phase", if either the positive pressure
or vacuum pass threshold is exceeded, the test is considered a pass and proceeds to "Phase 4 — Test
Complete". Also, if the test times out after 45 minutes have elapsed since key-off, the test will be considered a fail
(i.e. leak detected) and will also proceed to "Phase 4 — Test Complete”.
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Phase 4 - Test Complete

In this phase, the EONV test is considered complete for this key-off cycle. The resultant peak pressure and peak
vacuum are stored along with total test time and other information. This information is sent to the main
microprocessor via CAN at the next engine start. During this phase, the CVS is commanded open and the
electrical components performing the EONV test are shutdown to prevent any further power consumption.

Test Aborts

During the EONV test, several parameters are monitored to abort the EONV test under certain conditions. The
primary abort conditions are instantaneous changes in tank pressure and fuel level. They are used to detect
refuel events and rapidly open the CVS upon detection of them. A list of abort conditions is given below.

Pre-2009 Model Year Fault Filtering

Test results are transferred to the main microprocessor upon detection where they are processed to
determine if MIL illumination should occur. Because of the inherent variability in vapor temperature
changes and fuel volatility, results from multiple EONV runs are normalized and averaged to
determine if a malfunction should be set. Often, an average of four key-off EONV runs is used to
determine a malfunction. If two malfunctions are set in a row, the MIL will be illuminated. Using this
approach, a total of eight, key-off EONV runs will be required to illuminate the MIL. The in-use
performance numerator will be incremented by one after each malfunction is detected.

Alternatively, the fault filtering can be calibrated so that an average of five key-off EONV runs are used
to immediately illuminate the MIL. Using this approach, a total of five, key-off EONV runs will be
required to illuminate the MIL. The in-use performance numerator will be incremented by two after the
MIL is illuminated. Most new 2006 MY and later vehicles will be calibrated in this manner in order to
improve EONV monitor completion frequency in the field.

Post-2009 Model Year Fault Filtering

To increase the IUMP (rate-based) numerator once per monitor completion, the fault filtering logic for
EONV was revised. The logic incorporates several important CARB requirements. These are:

e Fast Initial Response (FIR): The first 4 tests after a battery disconnect or code clear will
process unfiltered data to quickly indicate a fault. The FIR will use a 2-trip MIL. This will help
the service technician determine that a fault has been fixed.

e Step-change Logic (SCL): The logic will detect an abrupt change from a no-fault condition to
a fault condition. The SCL will be active after the 4th EONV test and will also use a 2-trip MIL.
This will illuminate the MIL when a fault is instantaneously induced.

e Normal EWMA (NORM): This is the normal mode of operation and uses an Exponentially
Weighted Moving Average (EWMA) to filter the EONV test data. It is employed after the 4th
EONV test and will illuminate a MIL during the drive cycle where the EWMA value exceeds
the fault threshold. (1 trip MIL). The recommended filter/time constant will produce filtering
comparable to a previously-described 5-test average.

If there is a failure using any of the fault filtering logic shown above, a P0456 DTC will be set.
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Phases of EONV Test
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PO = Phase 0, Stabilization Phase — With CVS open, Tank Pressure is allowed to stabilize. A fuel volatility test is
performed and FTPT offset correction is learned if volatility test passes.

P1 = Phase 1, First Test Phase — CVS is closed and pressure peaks below positive pass threshold sending test to
Phase 2. If the positive pass threshold were exceeded, the test would have completed and a pass would have
been recorded.

P2 = Phase 2, Transition Phase — CVS is opened and a second stabilization phase occurs. A second FTPT offset
is learned during this time.

P3 = Phase 3, Second Test Phase — CVS is closed again and a vacuum develops that eventually exceeds the
negative pass threshold. When this occurs the test proceeds to Phase 4, test complete.

P4 = Phase 4, Test Compete — CVS opens (not pictured in above data file), results are recorded, and stay-alive
electronics shutdown.
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0.020” EONV EVAP Monitor Operation:

DTCs P0456 (0.020” leak)

P260F (Evaporative System Monitoring Processor Performance)

Monitor execution Once per key-off when entry conditions are met during drive. Monitor will run
up to 2 times per day, or 90 cumulative minutes per day (whichever comes
first)

Monitor Sequence none

Sensors/Components OK EONV Processor, Canister Vent Solenoid, Fuel Tank Pressure Sensor, Fuel

Level Input, Vapor Management Valve, CAN communication link

Monitoring Duration 45 minutes in key-off state if fault present. Tests will likely complete quicker if
no fault is present.

Typical 0.020” EONV EVAP monitor entry conditions:

Entry conditions seen just prior to engine off Minimum Maximum
Engine off (soak) time 3.5-6 hours

Time since engine start-up 20 minutes 90 minutes
Ambient Temperature at start-up 40°F 95 °F
Battery Voltage 11 volts

Number of completed tests in 24hr cycle 2
Cumulative test time in 24hr cycle 90 minutes
Fuel level 15% 85%

ECU time since power-up 180 seconds

Flex fuel inference complete Learned

Summation of air mass since start ensures that vehicle has been operated

off idle.

Ratio of drive time to (drive + soak) time. (This allows for the driver to key- | 0.8

off for a short time without losing the initial soak condition.)
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Typical 0.020” EONV EVAP key-off abort conditions:

Tank pressure at key-off > 1.5" H,0 during stabilization phase (indicates excessive vapor)

Tank pressure not stabilized for tank pressure offset determination

Rapid change in tank pressure > 0.5"H.0 (used for refuel/slosh detection)

Rapid change in fuel level > 5% (used for refuel/slosh detection)

Battery voltage < 11 Volts

Rapid change in battery voltage > 1 Volt
Loss of CAN network

Canister Vent Solenoid fault detected

Driver turns key-on

Typical 0.020 EONV EVAP monitor malfunction thresholds:
P0456 (0.020” leak): < 0.75 in HxO pressure build and

< 0.50 in H,O vacuum build over a 45 minute maximum evaluation time

Note: EONV monitor can be calibrated to illuminate the MIL after two malfunctions (an average of four key-off
EONV tests, eight runs in all) or after a single malfunction (an average of five key-off EONV tests, five runs in
all), or using EWMA with Fast Initial Response and Step Change Logic. Most new 2006 MY and later
vehicles will use the five-run approach, most new 2009 MY and later use the EWMA approach.

J1979 EONV EVAP monitor Mode $06 Data

Monitor ID | Comp ID | Description for CAN Units

$3C $81 EONV Positive Pressure Test Result and Limits Pa

$3C $82 EONV Negative Pressure (Vacuum) Test Result and Limits Pa

$3C $83 Normalized Average of Four EONV Tests Results and Limits unitless
(where 0 = pass, 1 =fail)

Note: Default values (0.0) will be displayed for all the above TIDs if the evap monitor has never completed.
The appropriate TID will be updated based on the current or last driving cycle, default values will be displayed
for any phases that have not completed.
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EVAP System Monitor Component Checks

Additional malfunctions that are identified as part of the evaporative system integrity check are as follows:

The Canister Purge Valve (CPV) output circuit is checked for opens and shorts (P0443)
Note that a stuck closed CPV generates a P0455, a leaking or stuck open CPV generates a P1450.

Canister Purge Valve Check Operation:

DTCs P0443 — Evaporative Emission System Purge Control Valve "A" Circuit
Monitor execution continuous

Monitor Sequence None

Sensors OK not applicable

Monitoring Duration 5 seconds to obtain smart driver status

Typical Canister Purge Valve check malfunction thresholds:

P0443 (CPV): open/shorted at 0 or 100% duty cycle

The Canister Vent Solenoid output circuit is checked for opens and shorts (P1451 or P0446), a stuck closed CVS
generates a P1450, a leaking or stuck open CVS generates a P0455.

Canister Vent Solenoid Check Operation:

DTCs P1451 or P0446 — Canister Vent Solenoid Circuit
Monitor execution continuous

Monitor Sequence None

Sensors OK not applicable

Monitoring Duration 5 seconds to obtain smart driver status

Typical Canister Vent Solenoid check malfunction thresholds:

P1451 or P0446 (Canister Vent Solenoid Circuit): open/shorted
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The Evap Switching Valve (EVAPSV) output circuit is checked for opens and shorts (P2418).

Evap Switching Valve Check Operation:

DTCs P2418 - Evap Switching Valve Circuit
Monitor execution continuous

Monitor Sequence None

Sensors OK not applicable

Monitoring Duration 5 seconds to obtain smart driver status

Evap Switching Valve check malfunction thresholds:

P2418 (Evap Switching Valve Circuit): open/shorted

The Fuel Tank Pressure Sensor input circuit is checked for out of range values (P0452 short, P0453 open), noisy
readings (P0454 noisy) and an offset (P0451 offset).

Note that carryover 2004 MY software and 2003 MY and earlier software will set P0451 for the noisy sensor test.

Note that an open power input circuit or stuck check valve generates a P1450.

Fuel Tank Pressure Sensor Transfer Function

FTP volts = [ Vref * (0.14167 * Tank Pressure) + 2.6250]/5.00

Volts A/D Counts in PCM Fuel Tank Pressure, Inches H,O
0.100 20 -17.82

0.500 102 -15.0

1.208 247 -10.0

2.625 464 0
3.475. 712 6.0

4.750 973 15.0

4.90 1004 16.06

Fuel Tank Pressure Sensor Check Operation:
DTCs P0452 — Fuel Tank Pressure Sensor Circuit Low
P0453 — Fuel Tank Pressure Sensor Circuit High

P0454 — Fuel Tank Pressure Sensor Intermittent/Erratic (noisy)

Monitor execution continuous

Monitor Sequence None

Sensors OK not applicable

Monitoring Duration 5 seconds for electrical malfunctions, 16.7 minutes for noisy sensor test
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Typical Fuel Tank Pressure Sensor check malfunction thresholds:

P0452 (Fuel Tank Pressure Sensor Circuit Low): < -17.82 in H,O

P0453 (Fuel Tank Pressure Sensor Circuit High): > 16.06 in H,O

P0454 (Fuel Tank Pressure Sensor Circuit Noisy): > 14 in HO change between samples, sampled every 10
seconds, more than 100 fault occurrences

Fuel Tank Pressures Sensor Offset Check Operation

DTCs P0451 — Fuel Tank Pressure Sensor Range/Performance (offset)
Monitor execution once per driving cycle

Monitor Sequence No P0443 or P1450 DTCs

Sensors OK not applicable

Monitoring Duration <1 second

Entry condition Minimum Maximum
Ignition key on, engine off, engine rpm 0 rpm
Purge Duty Cycle 0%
Engine off (soak) time 2 hours

Battery Voltage 11.0 Volts

Typical Fuel Tank Pressure Sensor Offset Check Malfunction Thresholds:

Fuel tank pressure at key on, engine offis 0.0 in HO +/- 2.0 in H,O

The Fuel Level Input is checked for out of range values (opens/ shorts). The FLI input can be hardwired to the
PCM or be obtained from the serial data link, typically from the instrument cluster. If the FLI signal is open or
shorted, a P0460 is set. Some software will be able to discriminate between an open and short and set the
appropriate DCT (P0462 circuit low and P0463 circuit high).

Finally, the Fuel Level Input is checked for noisy readings. If the FLI input changes from an in-range to out-of-range
value repeatedly, a P0461 DTC is set.

Fuel Level Input Check Operation:

DTCs P0460 — Fuel Level Input Circuit
P0461 — Fuel Level Input Circuit Noisy
P0462 — Fuel Level Input Circuit Low
P0463 — Fuel Level Input Circuit High

Monitor execution continuous

Monitor Sequence None

Sensors OK not applicable

Monitoring Duration 30 seconds for electrical malfunctions, Fuel Level Stuck test (P0460) can take up

to 120 miles to complete
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Typical Fuel Level Input check malfunction thresholds:

P0460 or P0462 (Fuel Level Input Circuit Low): < 5 ohms
P0460 or P0463 (Fuel Level Input Circuit High): > 200 ohms

P0461 (Fuel Level Input Noisy): > 100 circuit low or circuit high exceedences, sampled every 0.100 seconds

The FLI signal is also checked to determine if it is stuck. The PCM calculates the amount of fuel being consumed
by accumulating fuel pulse width. (Fuel consumed and fuel gauge reading range are both stored in KAM and reset
after a refueling event or DTC storage.) If the there is an insufficient corresponding change in fuel tank level, a
P0460 DTC is set.

Different malfunction criteria are applied based on the range in which the fuel level sensor is stuck.

In the range between 15% and 85%, a 30% difference between fuel consumed and fuel used is typical. The actual
value is based on the fuel economy of the vehicle and fuel tank capacity.

In the range below 15%, a 40% difference between fuel consumed and fuel used is typical. The actual value is
based on reserve fuel in the fuel tank and the fuel economy of the vehicle.

In the range above 85%, a 60% difference between fuel consumed and fuel used is typical. The actual value is
based on the overfill capacity of the fuel tank and the fuel economy of the vehicle. Note that some vehicles can be
overfilled by over 6 gallons.

Fuel Level Input Stuck Check Operation:

DTCs P0460 — Fuel Level Input Circuit Stuck

Monitor execution continuous

Monitor Sequence None

Sensors OK not applicable

Monitoring Duration Between 15 and 85%, monitoring can take from100 to 120 miles to complete

Typical Fuel Level Input Stuck check malfunction thresholds:
P0460 (Fuel Level Input Stuck):

Fuel level stuck at greater than 85%: > 40% difference in calculated fuel tank capacity consumed versus
change in fuel level input reading

Fuel level stuck at less than 85%: > 40% difference in calculated fuel tank capacity consumed versus change
in fuel level input reading

Fuel level stuck between 15% and 85%: > 60% difference in calculated fuel tank capacity consumed versus
change in fuel level input reading
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Evap Switching Valve (EVAPSV) Diagnostics

The Evap Switching Valve (EVAPSV) is included on HEV applications for 2009 Model Year. It is very similar to
the Fuel Tank Isolation Valve (FTIV) used in previous model years. The Evap Switching Valve is also known as a
Vapor Blocking Valve (VBV). The purpose of the EVAPSV is to isolate the fuel tank from the rest of the
evaporative system so that the Canister Purge Valve (CPV) can purge more aggressively with minimal risk of
purge vapor slugs being ingested into the intake.

The EVAPSV is normally closed during engine operation, but may vent during a drive to relieve positive pressure.
The exact pressure points at which the valve opens and closes are vehicle dependent. When the vehicle isin a
key-off state, the EVAPSYV is not powered and the valve is open.

The VBV circuit and functional diagnostics will set the following DTCs:

P2418 — EVAPSV circuit fault
P2450 — EVAPSV stuck open fault

The EVAPSV circuit diagnostics are very similar to that of the Canister Purge Valve (CPV) and Canister Vent
Solenoid (CVS). See Evap System Monitor Component Checks below.

A diagram of an evaporative system with an EVAPSV (shown as a VBV) is shown below:

3-Port Canister
Engine | CPS Buffer Main Canister
VBV | Optional |
i Bleed |
FTPT ;  Canister ;
— CVS
Fuel Tank -
Dust Filter
Key:
CPS — Canister Purge Solenoid '
VBV - Vapor Blocking Valve
FTPT — Fuel Tank Pressure Atmospheric
Transducer
Pressure
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The Evaporative System monitor performs a functional check of the EVAPSV in Phase 3 of the evap monitor
cruise tests if the 0.040" leak test passes. At the end of Phase 2, tank pressure will be in the range of -8 to -5 "H20
and the EVAPSV will be open. At the beginning of Phase 3, the EVAPSV is commanded closed and the CVS is
commanded open. If the EVAPSYV fails to close, there will be a rapid pressure loss in the fuel tank. If this pressure
loss exceeds a calibrated threshold, a P2450 DTC is set. (Requires 2 or 3 failures in a row during a driving cycle
(calibratable)). If the fault is present on a second driving cycle, the MIL will be illuminated.

EVAP Switching Valve (EVAPSV) Monitor Operation:

DTC P2450

Monitor execution once per driving cycle

Monitor Sequence Runs after evap 0.040" cruise test
Sensors/Components OK | MAF, IAT, VSS, ECT, CKP, TP, FTP, CPV, CVS
Monitoring Duration 30 seconds (see disablement conditions below)

Typical EVAP Switching Valve (EVAPSV) monitor entry conditions:

Entry condition Minimum Maximum

0.040" Cruise Test completes

Typical EVAP Switching Valve (EVAPSV) abort conditions:

Change in fuel fill level: > 15%

Typical EVAP Switching Valve (EVAPSV) malfunction thresholds:

P2418: Presence of short, open, or intermittent fault for more than 5 seconds

P2450: Pressure loss > 3" Ho0 during phase 3.

J1979 Evaporative System Mode $06 Data

Test ID CompID Description Units

$3D $82 Vapor blocking valve performance Pa

Note: Default values (0.0 Pa) will be displayed for all the above TIDs if the evap monitor has never
completed. Each TID is associated with a particular DTC. The TID for the appropriate DTC will be updated
based on the current or last driving cycle, default values will be displayed for any phases that have not
completed.
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Blocked Purge Line Diagnostics

If an in-line Fuel Tank Pressure Transducer is used, it is possible for a blockage to occur between the Fuel Tank
Pressure Transducer (FTPT) and fuel tank. If this occurs, the evap monitor would run and pass all leak check
diagnostics even if there is a leak at the fuel cap. (The blockage will make the system look sealed despite the
leak.). The blocked line diagnostic looks for a rapid drop in pressure during Phase 0 of the cruise test. This rapid
pressure drop occurs because the Canister Purge Valve (CPV) applies a vacuum to just the canister and evap
lines. Upon seeing an excessively fast pressure drop in Phase 0, the evap monitor will invoke a special execution
of Phase 3 & 4 where a CPV pressure pulse is applied to the evap system. This pressure pulse is at a very low
flow and short duration (0.5 -1.0 seconds) to avoid drivability issues. If this intrusive test fails, the Phase 0 test and
the intrusive test are repeated 2 or 3 times prior to setting a P144A DTC.

Diagram of an evaporative system with a blockage is shown below:

3-Port Canister
Engine | CPS Buffer Main Canister
VBV { Optional |
: Bleed
FTPT j_Canister |
Blockag I:EI
e\>X—‘ CVS
Fuel Tank -
Dust Filten
Key:
CPS - Canister Purge Solenoid ‘
VBV — Vapor Blocking Valve
FTPT — Fuel Tank Pressure Atmospheric
Transducer Pressure
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EVAP Blocked Line Monitor Operation:

DTC P144A
Monitor execution once per driving cycle
Monitor Sequence Runs during Phase 0 of evap 0.040" cruise test. Performs an intrusive test in

Phases 3 & 4 to confirm a fault.
Sensors/Components OK | MAF, IAT, VSS, ECT, CKP, TP, FTP, CPV, CVS

Monitoring Duration 30 seconds (see disablement conditions below)

Typical Blocked Line monitor entry conditions:

Entry condition Minimum Maximum

General 0.040" Cruise Test conditions apply

Air mass high enough for intrusive portion of test 0.05 (Ib/min)

Manifold vacuum high enough for intrusive portion of test 2"Hg

Not in open loop fueling

CPV purging

Typical EVAP Blocked Line abort conditions:

All items cited under entry conditions apply.

Typical EVAP Blocked Line malfunction thresholds:

P144A: Phase 0 portion of test delta pressure < -5 "H.0/sec
P144A: Phase 3 & 4 (intrusive test) pressure response < -2 "H.0

J1979 Evaporative System Mode $06 Data

TestID | Comp ID Description Units
$3D $80 Blocked Evap System Line - Screening test Pa/sec
$3D $81 Blocked Evap System Line - Fault confirmation test Pa

Note: Default values (0.0) will be displayed for all the above TIDs if the evap monitor has never completed.
Each TID is associated with a particular DTC. The TID for the appropriate DTC will be updated based on the
current or last driving cycle, default values will be displayed for any phases that have not completed.
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Single Path Purge Check Valve Diagnostics

Boosted applications use a mechanical check valve between the intake manifold and the Canister Purge Valve
(CPV). The purpose of this check valve is to prevent reverse flow through the evaporative emissions system
under boosted conditions. The check valve is a simple diaphragm type valve were the rubber diaphragm slides
inside a cylinder and is pushed against a stop under boost closing off flow through the valve. While at atmosphere
or under vacuum the valve is pulled off the stop allowing flow from the evaporative system to the intake manifold.
The check valve diagnostic looks for a failed open, improperly installed, or missing valve that could result in intake
manifold vapors being pushed back into the evaporative emissions system (see figure below). A failed check
valve is detected if the rate of rise in Fuel Tank Pressure Sensor is greater than a calibratable threshold while the
Canister Vent Valve is closed, Canister Purge Valve open, and the engine is boosted above a minimum level
(under boost the system should be sealed if the check valve is operating properly). This condition will set DTC
P144C.

Figure: System schematic showing the potential for reverse flow if the check valve is failed.

Intake
Manifold

Fuel Tank
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Evaporative System Purge Check Valve Performance Diagnostic Operation:

DTC P144C - Evaporative Emission System Purge Check Valve Performance
Monitor execution Once per driving cycle, during boosted operation
Monitor Sequence None

Sensors/Components OK | ECT/CHT, IAT, MAP, CPV, CVV, FTPT, FLI, BARO, TIP

Monitoring Duration 5 to 10 seconds depending on level of boost

Typical Evaporative System Purge Check Valve Performance Entry Conditions

Entry condition Minimum Maximum
Ambient temperature (IAT) 40 °F 95 °F
Battery Voltage 11.0 Volts

Fuel level 15% 85%
Engine Coolant Temperature (CHT/ECT) 160 °F

Atmospheric Pressure (BARO) 23" Hg

Boost Pressure (MAP — BARO) 4" Hg

Typical Evaporative System Purge Check Valve Diagnostic malfunction thresholds:

Pressure Rise Rate (delta pressure / delta time) > 0.50 " H.O/sec
Threshold is a function of fuel level with a range of 0.5t0 1.0
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Fuel System Monitor

The adaptive fuel strategy uses O2 sensors for fuel feedback. The fuel equation includes short and long term fuel
trim modifiers:

FUEL MASS = AIR MASS * SHRTFT * LONGFT
EQUIV_RATIO * 14.64

Where:

Fuel Mass = desired fuel mass

Air Mass = measured air mass, from MAF sensor

SHRTFT = Short Term Fuel Trim, calculated

LONGFT = Long Term Fuel Trim, learned table value, stored in Keep Alive Memory
EQUIV_RATIO = Desired equivalence ratio, 1.0 = stoich, > 1.0 is lean, < 1.0 is rich
14.64 = Stoichiometric ratio for gasoline

A conventional O2 sensor (not a wide-range sensor) can only indicate if the mixture is richer or leaner than
stoichiometric. During closed loop operation, short term fuel trim values are calculated by the PCM using oxygen
sensor inputs in order to maintain a stoichiometric air/fuel ratio. The PCM is constantly making adjustments to the
short term fuel trim, which causes the oxygen sensor voltage to switch from rich to lean around the stoichiometric
point. As long as the short term fuel trim is able to cause the oxygen sensor voltage to switch, a stoichiometric
air/fuel ratio is maintained.

When initially entering closed loop fuel, SHRTFT starts 1.0 and begins adding or subtracting fuel in order to
make the oxygen sensor switch from its current state. If the oxygen sensor signal sent to the PCM is greater than
0.45 volts, the PCM considers the mixture rich and SHRTFT shortens the injector pulse width. When the cylinder
fires using the new injector pulse width, the exhaust contains more oxygen. Now when the exhaust passes the
oxygen sensor, it causes the voltage to switch below 0.45 volts, the PCM considers the mixture lean, and
SHRTFT lengthens the injector pulse width. This cycle continues as long as the fuel system is in closed loop
operation.
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As fuel, air, or engine components age or otherwise change over the life of the vehicle, the adaptive fuel strategy
learns deviations from stoichiometry while running in closed loop fuel. Corrections are only learned during closed
loop operation, and are stored in the PCM as long term fuel trim values (LONGFT). They may be stored into an
8x10 rpm/load table or they may be stored as a function of air mass. LONGFT values are only learned when
SHRTFT values cause the oxygen sensor to switch. If the average SHRTFT value remains above or below
stoichiometry, the PCM “learns” a new LONGFT value, which allows the SHRTFT value to return to an average
value near 1.0. LONGFT values are stored in Keep Alive Memory as a function of air mass. The LONGFT value
displayed on the scan tool is the value being used for the current operating condition.

02 sensor voltage

SHRTFT, Short Term
Fuel Trim, shifted rich

LONGFT, Long Term
Fuel Trim, leaming the
rich correction

02 sensor voltage

SHRTFT, Short Term
Fuel Trim, shifted rich

LONGFT, Long Term
Fuel Trim, leaming the
rich correction

-0.140
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02 sensor voltage

SHRTFT, Short Term
Fuel Trim, shifted rich

LONGFT, Long Term
Fuel Trim, leaming the
rich correction

As components continue to change beyond normal limits or if a malfunction occurs, the long-term fuel trim values
will reach a calibratable rich or lean limit where the adaptive fuel strategy is no longer allowed to compensate for
additional fuel system changes. Long term fuel trim corrections at their limits, in conjunction with a calibratable
deviation in short term fuel trim, indicate a rich or lean fuel system malfunction.

Note that in the PCM, both long and short-term fuel trim are multipliers in the fuel pulse width equation. Scan tools

normally display fuel trim as percent adders. If there were no correction required, a scan tool would display 0%
even though the PCM was actually using a multiplier of 1.0 in the fuel pulse width equation.
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Fuel System Monitor
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Fuel Monitor Operation:

DTCs P0171 Bank 1 Lean, P0174 Bank 2 Lean
P0172 Bank 1 Rich, P0O175 Bank 2 Rich
Monitor execution continuous while in closed loop fuel
Monitor Sequence none
Sensors OK Fuel Rail Pressure (if available), IAT, CHT/ECT, MAF, TP
Monitoring Duration 2 seconds to register malfunction
Entry condition Minimum Maximum
Engine Coolant Temp 150 °F 230 °F
RPM Range idle
Air Mass Range 0.75 Ib/min
Purge Duty Cycle 0% 0%

Typical fuel monitor malfunction thresholds:

Long Term Fuel Trim correction cell currently being utilized in conjunction with Short Term Fuel Trim:
Lean malfunction: LONGFT > 25%, SHRTFT > 5%
Rich malfunction: LONGFT < 25%, SHRTFT < 10%
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FAOSC (Rear Fuel Trim) Monitor

As the front UEGO sensor ages and gets exposed to contaminants, it can develop a rich or lean bias in its transfer
function. The rear bias control (also called FAOSC — Fore/Aft Oxygen Sensor Control) system is designed to
compensate for any of these bias shifts (offsets) using the downstream HO2S sensor. The "FAOS" monitor looks
for any bias shifts at the stoichiometric point of the front UEGO sensor lambda curve. If the UEGO has developed a
bias beyond the point for which it can be compensated for, lean (P2096, P2098) or rich (P2097, P2099) fault codes

will be set.

UEGO "FAOS
Monitor" Operation:

DTCs

P2096 — Post catalyst fuel trim system too lean (Bank 1)
P2097 — Post catalyst fuel trim system too rich (Bank 1)
P2098 — Post catalyst fuel trim system too lean (Bank 2)
P2099 — Post catalyst fuel trim system too rich (Bank 2)

Monitor execution

Continuous while in closed loop fuel

Monitor Sequence > 30 seconds time in lack of movement test, > 30 seconds time in lack of switch
test
Sensors OK ECT, IAT, MAF, VSS, TP, ETC, FRP, DPFE EGR, VCT, VMV/EVMV, CVS, FTP,

CKP, CMP, ignition cails, injectors, no misfire DTCs, no system failures affecting
fuel, no EVAP gross leak failure, UEGO heaters OK, rear HO2S heaters OK, no
"lack of switching" malfunction, no "lack of movement" malfunction, no UEGO
circuit malfunction, no rear stream 2 HO2S circuit malfunction, no rear stream 2
HO2S functional DTCs, no rear stream 2 HO2S response rate malfunction.

Monitoring Duration

5 seconds to register a malfunction

Typical UEGO "FAOS Monitor" entry conditions:

Entry condition Minimum Maximum
Engine Coolant Temp 170 °F 234 °F
Time since entering closed loop fuel 5 seconds

Fuel Level 15%

Short Term Fuel Trim Range -13% 18%
Short Term Fuel Trim Absolute Change 10%

Air mass change for transient rejection 2 Ibm/min
Learning conditions stability ime (based on air mass) 15 seconds

Stream1 UEGO response test not running

Intrusive UEGO catalyst monitor not running

Battery Voltage 11.0 Volts 18.0 Volts

Typical UEGO "FAOS Monitor" malfunction thresholds:

>= 5 seconds since reaching the FAOSC lean or rich limits while system bias maturity is met.
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Flex Fuel Operation

Ford Motor Company is cooperating with the Department of Energy in providing customers with vehicles capable
of using alcohol-blended fuels. These fuels are renewable and can lower some engine emission byproducts. The
original 1993 Taurus vehicle hardware and calibration were designed for use on any combination of gasoline or
methanol up to 85% methanol. Current flex fuel vehicles, however, are no longer designed for methanol, but are
designed to be compatible with any combination of gasoline and ethanol, up to 85% ethanol.

This flexible fuel capability allows the vehicle to be usable in all regions of the country, even as the alcohol
infrastructure is being built. Operation of a vehicle with the alcohol-blended fuels is intended to be transparent to
the customer. Drivability, NVH, and other attributes are not notably different when using the alcohol-blended fuels.
The higher octane of alcohol-blended fuels allows a small increase in power and performance (approximately 4%),
but this is offset by the lower fuel economy (approximately 33%) due to the lower energy content. Cold starts with
alcohol-blended fuels are somewhat more difficult than with gasoline due to the lower volatility of alcohol-blended
fuels; 10% vaporization occurs at approximately 100 °F for gasoline vs. 160 °F for 85% ethanol. Ethanol requires
approximately 37% more flow than gasoline due to a lower heating value (29.7 vs. 47.3 MJ/kg). Consequently,
Flex Fuel vehicles require higher flow injectors than their gasoline counterparts. This results in a smaller fuel pulse
widths with gasoline and makes the task of purging the canister more difficult during idles and decels.

In order to maintain proper fuel control, the PCM strategy needs to know the stoichiometric Air/Fuel Ratio for use in
the fuel pulse width equation. On pre-2000 MY flex fuel vehicles, the percent alcohol in the fuel was determined by
reading the output of the Flex fuel Sensor. The percent alcohol was stored in a register called Percent Methanol
(PM). Although current alcohol-blended fuels only include ethanol, the percent methanol nomenclature has
persisted. On 2000 MY and later vehicles, the Flex Fuel Sensor has been deleted and PM is inferred. The strategy
to infer the correct A/F Ratio (AFR) relies on the oxygen sensor input to maintain stoichiometry after vehicle
refueling occurs.

The relationship between PM and AFR is shown in the table below.

Stoich Air Fuel Ratio = 14.64 - 5.64 * PM
PM (percent alcohol) Stoichiometric AFR

0.00 (100 % gasoline) 14.64
0.05 14.36
0.10 (standard gasoline) 14.08
0.15 13.79
0.20 13.51
0.25 13.23
0.30 12.95
0.35 12.67
0.40 12.38
0.45 12.10
0.50 11.82
0.55 11.54
0.60 11.26
0.65 10.97
0.70 10.69
0.75 10.41
0.80 10.13
0.85 (standard E85) 9.85
0.90 9.56
0.95 9.28
1.00 (100% ethanol) 9.00
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The fuel level input is used to determine if a refueling event has occurred, either after the initial start or while the
engine is running. If refueling event is detected (typically calibrated as a 10% increase in fuel level), the PCM tracks
the "old" fuel being consumed by the engine. After a calibrated amount of "old" fuel has been consumed from the
fuel lines, fuel rail, etc., the "new" fuel is assumed to have reached the engine. Normal long term fuel trim learning
and purge control are temporarily disabled along with the evaporative system monitor and fuel system monitor to
allow the composition of the fuel to be determined. The filtered value of short-term fuel trim is used during closed
loop to adjust AFR in order to maintain stoichiometry. During learning, all changes in AFR are stored into the
AFRMOD register. As updates are made to the AFRMOD register, the fuel composition register (PM) is updated
and stored in Keep Alive Memory. Learning continues until the inference stabilizes with stabilized engine operating
conditions. The PM inference and engine operating conditions are considered to have stabilized when all of the
following conditions are satisfied:

e ECT indicates the engine has warmed up (typically 170 °F) or an ECT related fault is present.

e Enough "new" fuel has been consumed (typically 0.5 Ib - vehicle dependant) to insure fuel is adequately
mixed.

e The filtered value of short term fuel trim is in tight fuel control around stoichiometry, (typically +/- 2%) for at
least 5 O2 sensor switches or AFRMOD is at a clip.

e The engine has been operated for a calibratable length of time, based on ECT temperature at start
(typically 200 sec. at 40 °F and 30 sec at 200 °F) or an ECT related fault is present.

e The engine has been operating in closed loop fuel, with the brake off, within a calibratable (off-idle) air
mass region (typically 2.4 to 8 Ib/min) for 5 seconds, to minimize the effect of errors such as vacuum
leaks.

Once the value of PM has stabilized (usually about 7 miles of driving), AFRMOD and PM are locked and deemed
to be "mature." After PM is deemed "mature," normal fuel trim learning and purge control are re-enabled along with
the fuel system monitor and evaporative system monitor. Any observed fueling errors from that point on are rolled
into normal long term fuel trim (via adaptive fuel learning).

All remaining OBD-II monitors remain enabled unless AFR is observed to be changing. If AFR is changing, all
monitors (except CCM and EGR) are disabled until the AFR stabilizes. This logic is same as was used for FFV
applications that used a sensor. The AFR rate of change required to disable OBD-II monitor operation is typically
0.1 A/F (rate is based on the difference between a filtered value and the current value). For a fuel change from
gasoline to E85 or vice versa, AFR typically stabilizes after 2 to 3 minutes on an FTP cycle.

If alarge refueling event is detected (typically calibrated as a 40% to 50% increase in fuel level), the PCM strategy
tries to assign the "new" fuel as gasoline or ethanol (E85) on the assumption that the only fuels available are either
gasoline or E85. The strategy performs this fuel assignment to gasoline or ethanol (E85) only if the "old" and the
"new" stabilized inferred fuel composition values are within a specified amount of each other (typically 5-10%),
indicating that the fuel in the tank is the same as the fuel that was added and therefore must be either gasoline or
ethanol (E85). If the "old" and "new" stabilized inferred fuel composition values are not near each other, the fuel
added must be different from what was in the tank and the strategy retains the current inferred value of PM until the
next refuel. By assigning the fuel to gasoline or ethanol (E85) in this manner, normal fuel system errors can be
learned into normal long term fuel trip for proper fuel system error diagnosis.

After a battery disconnect or loss of Keep Alive Memory, the strategy will infer AFR immediately after going into
closed loop fuel operation. A vehicle that previously had fuel system errors learned into long term fuel trim will infer
incorrect values of AFR. After the value of AFR is determined, it is fixed until the next refueling event. If the next
refueling event is performed with the same fuel (either E85 or gasoline), the value of AFR will not change. The fuel
is then assigned to be E85 or gasoline as explained above. The long term fuel trim will again be a reliable
indication of normal fuel system errors.

Only one large tank fill is required to assign the fuel as being either gasoline or ethanol, if the inferred AFR did not
change significantly. If AFR did change significantly, several tank fills with the same fuel may be necessary to
assign the fuel as gasoline or ethanol.

As the vast majority of vehicles are expected to be operated with gasoline, the initial value of AFR is set to
gasoline. This is the starting point for the AFR after a battery disconnect and will allow for normal starting. Some
vehicles may have E85 in the fuel tank after having a battery disconnect, and may not have a good start or drive
away. The startability of alcohol-blended fuels at extreme cold temperatures (< 0 °F) is difficult under normal
conditions; these vehicles may be required to be towed to a garage for starting if a battery disconnect occurs.
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Front HO2S Monitor

Front HO2S Signal

The time between HO2S switches is monitored after vehicle startup when closed loop fuel has been requested,
during closed loop fuel conditions and when open loop fuel has been requested due to an HO2S fault. Excessive
time between switches with short term fuel trim at its limits (up to +/- 40%), or no switches since startup indicate a
malfunction. Since “lack of switching” malfunctions can be caused by HO2S sensor malfunctions or by shifts in the
fuel system, DTCs are stored that provide additional information for the “lack of switching” malfunction. Different
DTCs indicate whether the sensor was always indicates lean/disconnected (P1131 or P2195, P1151 or P2197), or
always indicates rich (P1132 or P2196, P1152 or P2198).

Characteristic Shift Downward (CSD) is a deviation from the normal positive voltage output of the HO2S signal to
negative voltage output. During a full CSD, the HO2S signal shifts downward (negative) by 1 volt. CSD occurs
when the reference chamber of the HO2S becomes contaminated, causing negative HO2S voltage to be
generated. Even though CSD can occur in both front and rear HO2S signals, only the front HO2S are
compensated for CSD. The CSD compensation algorithm must not be in the process of driving fuel to bring the
HO2S out of CSD before running some of the HO2S monitors.

2005 MY and later vehicles monitor the HO2S signal for high voltage, in excess of 1.1 volts and store a (P0132,
P0152) DTC. An over voltage condition is caused by a HO2S heater or battery power short to the HO2S signall
line.

HO2S “Lack of Switching” Operation:

DTCs P1131 or P2195 - Lack of switching, sensor indicates lean, Bank 1
P1132 or P2196 - Lack of switching, sensor indicates rich, Bank 1

P1151 or P2197 - Lack of switching, sensor indicates lean, Bank 2
P1152 or P2198 - Lack of switching, sensor indicates rich, Bank 2

Monitor execution continuous, from startup and while in closed loop fuel or open loop fuel due to HO2S
fault

Monitor Sequence None

Sensors OK ECT, IAT, MAF, VSS, TP, ETC, FRP, DPFE EGR, VCT, VMV/EVMV, CVS, FTP,

CKP, CMP, ignition cails, injectors, no misfire DTCs, no system failures affecting fuel,
no EVAP gross leak failure, front HO2S heaters OK, no front HO2S over voltage

Monitoring Duration 30 seconds to register a malfunction
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Typical HO2S “Lack of Switching” entry conditions:

Entry condition Minimum Maximum

Closed Loop or Open Loop Requested due to HO2S fault

Stream 1 HO2S not in CSD recovery mode

No fuel flow entering thru PCV during cold start when
flashing off fuel in ail (for O2 Sensor Stuck Rich DTCs only)

Inferred Ambient Temperature -40 °F

Time within entry conditions 10 seconds

Fuel Tank Pressure 10 in HO
Fuel Level 15%

Battery Voltage 11.0 Volts 18.0 Volts

Typical HO2S “Lack of Switching” malfunction thresholds:

< 5 switches since startup for > 30 seconds in test conditions or > 30 seconds since last switch while closed
loop fuel

HO2S “Over Voltage Test” Operation:
DTCs P0132 Over voltage, Bank 1
P0152 Over voltage, Bank 2

Monitor execution Continuous

Monitor Sequence None

Sensors OK front HO2S heaters OK

Monitoring Duration 10 seconds to register a malfunction

Typical HO2S “Over Voltage Test” entry conditions:

Entry condition Minimum Maximum
Inferred Stream 1 HO2S temperature 400 °F
Battery Voltage 11.0 Volts 18.0 Volts

Typical HO2S “Over Voltage Test” malfunction thresholds:

> 1.1 volts for 10 seconds for over voltage test
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The HOZ2S is also tested functionally. The response rate is evaluated by entering a special 1.5 Hz. square wave,
fuel control routine. This routine drives the air/fuel ratio around stoichiometry at a calibratable frequency and
magnitude, producing predictable oxygen sensor signal amplitude. A slow sensor will show reduced amplitude.
Oxygen sensor signal amplitude below a minimum threshold indicates a slow sensor malfunction. (P0133 Bank 1,
P0153 Bank 2). If the calibrated frequency was not obtained while running the test because of excessive purge
vapors, etc., the test will be run again until the correct frequency is obtained.

HO2S Response Rate Operation:
DTCs P0133 (slow response Bank 1)
P0153 (slow response Bank 2)

Monitor execution once per driving cycle
Monitor Sequence > 30 seconds time in lack of switch test
Sensors OK ECT, IAT, MAF, VSS, TP, ETC, FRP, DPFE EGR, VCT, VMV/EVMV,

CVS, FTP, CKP, CMP, ignition coails, injectors, no misfire DTCs, no
system failures affecting fuel system, no EVAP gross leak failure, no
"lack of switching" malfunctions, front HO2S heaters OK no front

HO2S over voltage
Monitoring Duration 6 seconds
Entry condition Minimum Maximum
Stream 1 HO2S not in CSD recovery mode
Flex Fuel Composition not changing
Not in Phase 0 of Evaporative System Monitor
No Purge System reset
Purge intrusive test not running
Not performing CSER spark retard
Engine Coolant Temp 150 °F 240 °F
Intake Air Temp 140 °F
Time since entering closed loop fuel 10 seconds
Inferred Catalyst Midbed Temperature 1600 °F
Fuel Level 15%
Short Term Fuel Trim Range -9% 11%
Short Term Fuel Trim Absolute Change while in monitor 10%
Engine Load 20% 50%
Maximum change in engine load while in monitor 0.13
Vehicle Speed 30 mph 80 mph
Maximum change in vehicle speed while in monitor 3 mph
Engine RPM 1000 rpm 2000 rpm
Maximum change in engine rpm while in monitor 150 rpm
Battery Voltage 11.0 Volts 18.0 Volts
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Typical HO2Sresponse rate malfunction thresholds:
Voltage amplitude: < 0.5 volts

J1979 Front HO2S Mode $06 Data

Monitor ID | Test ID Description for CAN

$01 $80 HO2S11 voltage amplitude and voltage threshold Volts
$01 $01 H02S11 sensor switch-point voltage Volts
$05 $80 HO2S21 voltage amplitude and voltage threshold Volts
$05 $01 H02S21 sensor switch-point voltage Volts
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Front HO2S Heaters

The HO2S heaters are monitored for proper voltage and current. A HO2S heater voltage fault is determined by
turning the heater on and off and looking for corresponding voltage change in the heater output driver circuit in the

PCM.

A separate current-monitoring circuit monitors heater current once per driving cycle. The heater current is actually
sampled three times. If the current value for two of the three samples falls below a calibratable threshold, the
heater is assumed to be degraded or malfunctioning. (Multiple samples are taken for protection against noise on

the heater current circuit.)

HO2S Heater Monitor Operation:

DTCs Sensor 1

P0135 O2 Heater Circuit, Bank 1
P0155 O2 Heater Circuit, Bank 2
P0053 O2 Heater Resistance, Bank 1
P0059 O2 Heater Resistance, Bank 2

Monitor execution

once per driving cycle for heater current, continuous for voltage monitoring

Monitor Sequence Heater current monitor: Stream 1 HO2S/UEGO response test complete, Stream
2 and 3 HO2S functional tests complete, HO2S/UEGO heater voltage check
complete

Sensors OK Heater current monitor: no HO2S/UEGO heater voltage DTCs

Monitoring Duration

< 10 seconds for heater voltage check, < 5 seconds for heater current check

Typical HO2S heater monitor entry conditions:

Entry condition Minimum Maximum
Inferred HO2S 1 Temperature (heater voltage check only) 150 °F 1250 °F
Inferred HO2S 1 Temperature (heater current check only) 250 °F 1250 °F
HO2S 1/2/3 heater-on time (heater current check only) 30 seconds

Engine RPM (heater current check only) 5000 rpm
Battery Voltage (heater voltage check only) 11.0 18.0 Volts

Typical HO2S heater check malfunction thresholds:

Smart driver status indicated

Heater current outside limits:

malfunction

Number monitor retries allowed for malfunction > = 30

< 0.220 amps or > 3 amps, (NTK)

Bosch)

NTK Fast Light Off)
< 0.230 amps or > 3 amps, (Bosch Fast Light Off)

< 0.400 amps or > 3 amps,

< 0.465 amps or > 3 amps,

(
(
(
(
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J1979 HO2S Heater Mode $06 Data

Monitor ID | Test ID Description for CAN Units
$01 $81 HO2S11 Heater Current Amps
$05 $81 HO2S21 Heater Current Amps
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HO2S Monitor
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Front UEGO Monitor

Front UEGO Signal

The UEGO sensor infers an air fuel ratio relative to the stoichiometric (chemically balanced) air fuel ratio by
balancing the amount of oxygen pumped in or out of a measurement chamber. As the exhaust gasses get richer or
leaner, the amount of oxygen that must be pumped in or out to maintain a stoichiometric air fuel ratio in the
measurement chamber varies in proportion to the air fuel ratio. By measuring the current required to pump the
oxygen in or out, the air fuel ratio (lambda) can be estimated. Note that the measured air fuel ratio is actually the
output from the UEGO ASIC pumping current controller and not a signal that comes directly from the sensor.

H Pump :
PC : Current

Bosch LSU 4.9 |

e

Connector
Senso a T
FRARasaNmaeERaEEauEARaERaRSEASRRssannSan R nannn B : Measurement
: H kS P . Measured Resistor
: Y . H 5 k4 . Pumping Current (61.9 Ohm)
: o R Al | HE Trim Resistor W 1A .
Exhaust  : — N (30 —300 Ohm) It :
Detection i : .
Gasses g o | H 1IN :
0, i : T
HC.CO (o) l Nernst cell | RE : .
" > H +2.5V H
Reference Air : Virtual H
: H { 20ma reference pump |
Heater : H :
H M Impedance . Measured :
: Measuremen Impedanc
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Bosch UEGO sensor interface:
IP — primary pumping current that flows through the sensing resistor
IA - current flow through trim resistor in parallel with sense resistor.
VM - Virtual ground, approximately 2.5 volts above PCM ground.
RE - Nernst cell voltage, 450mv from VM. Also carries current for pumped reference.
H+ — Heater voltage — to battery.
H- — Heater ground side — Duty cycle on/off to control sensor temperature.
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NTK UEGO sensor interface:
IP — primary pumping current that flows through the sensing resistor
COM - Virtual ground, approximately 3.6 volts above PCM ground.
VS — Nernst cell voltage, 450mv from COM. Also carries current for pumped reference.
RL - Voltage input from label resistor.
H+ — Heater voltage — to battery.
H- — Heater ground side — Duty cycle on/off to control sensor temperature.

The primary component of a UEGO sensor is the diffusion passage that controls the flow of exhaust gasses into a
detection cavity, a Nernst cell (essentially an EGO sensor inside the UEGO sensor) that measures the air fuel ratio
in the detection cavity. A control circuitry in the ASIC chip (mounted in the PCM) controls the pumping current (IP)
to keep the detection cavity near stoichiometry by holding the Nernst cell at 450 mV. This Nernst cell voltage (RE,
VS) is 450mV from the virtual ground (VM, COM), which is approximately 2.5V (Bosch UEGO) or 3.6V (NTK
UEGO) above the PCM ground. For the Nernst cell to generate a voltage when the detection cavity is rich, it needs
an oxygen differential across the cell. In older UEGO (and HEGO) sensor designs, this was provided by a
reference chamber that was connected to outside air through the wire harness that was subject to contamination
and "Characteristic Shift Down (CSD)". The new UEGO sensor uses a pumped reference chamber, which is
sealed from the outside to eliminate the potential for contamination. The necessary oxygen is supplied by
supplying a 20 mA pumping current across the Nernst cell to pump small amounts of oxygen from the detection
cavity to the reference chamber. The pumping cell pumps oxygen ions in and out of the detection cavity from and
to the exhaust gasses in response to the changes in the Nernst cell voltage. The pumping current flows through
the sense resistor and the voltage drop across the sense resistor is measured and amplified. Offset volts are sent
out of the ASIC to one of the PCM's A/D inputs. The PCM measures the voltage supplied by the ASIC, determines
the pumping current, and converts the pumping current to measured lambda. In general, the circuitry that
measures the pumping current is used to estimate the air fuel ratio in the exhaust system.

The UEGO sensor also has a trim (IA) or label resistor (RL). The biggest source of part to part variability in the
measured air fuel ratio is difference in the diffusion passage. This source of variation is simply the piece-to-piece
differences from the manufacturing process. To compensate for this source of error, each sensor is tested at the
factory and a trim or label resistor is installed in the connector. The value of this resistor is chosen to correlate with
the measured difference between a particular sensor and a nominal sensor.
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For NTK UEGO, the variation in the Ip signal value is corrected for by a compensation coefficient (CC), and then
processed by the PCM. The value of CC (lp rank) is determined by the value of RL. The PCM must command the
ASIC to read the value of RL, so CC can be determined. After measuring the value of the label resistor, the PCM
software will multiply the measured pumping current (Ip) by a compensation coefficient and determine a corrected
pumping current that is used to calculate the measured exhaust air fuel ratio. During each power up, the PCM wiill
briefly turn the UEGO heater power off, measure the output voltage from the voltage divider several times, average
it, and estimate the resistance of the label resistor. The PCM will do this estimation multiple times, and if all
samples are consistently within one resistor "rank", then the RL compensation coefficient determination is
completed and the resistor "rank" compensation coefficient value will be stored in keep alive memory. On the other
hand, if the several readings are not consistently within one rank for some amount of time, then the PCM A/D input
is considered not reliable/RL erratic, and a trim circuit erratic malfunction (P164A, P164B) will be set. Conversely, if
the estimated resistance is too high, then the software in the PCM will indicate RL circuit shorted to ground or
open, and a trim circuit low malfunction (P2627, P2630) will be set. If the estimated resistance is too low, then the
software will indicate RL circuit shorted to power, and a trim circuit high malfunction (P2628, P2631) will be set.
Once a trim circuit malfunction is detected, then the compensation coefficient of the label resistor "rank” stored in
KAM will be used.

For Bosch UEGO, the trim resistor is connected in parallel to the pumping current sense resistor and the pumping
current flows through both. The trim resistor adjusts the measured pumping current back to the expected nominal
value at any given air fuel ratio (correcting for the sensor to sensor variations in the diffusion passage). Small trim
resistors are required for sensors that require more pumping current at any particular lambda. Conversely, for
sensors with lower diffusion rates than average, less pumping current is required, so a higher than average
impedance trim resistor is installed. When IA circuit is open, all of the pumping current flows through the measuring
resistor which increases the measured voltage. Since the pumping current is amplified, the UEGO pumping current
to lambda transfer function will reflect the error. The slope of the UEGO sensor transfer function changes, which
results in the wrong output of the UEGO signal (the slope of the pumping current to lambda relationship can
increase or decrease). For "stoichiometric” air/fuel control applications, an open IA circuit is not monitored since the
lambda error is minimal in "stoichiometric” mode. A worst case (40 ohm resistor) open IA was tested on a 2008MY
3.5L Taurus PZEV and showed no impact on tailpipe emissions.

For "Non-Stoichiometric Closed Loop (NSCL)" air/fuel control applications, a continuous open |A diagnostics (Air
Rationality Test) is required since the lambda error is more significant in this mode. The air rationality test will
always monitor the UEGO sensor voltage reading during Decel Fuel Shut Off (DFSO) event. The monitor
compares the UEGO sensor voltage reading in air against the expected value for pure air. If the UEGO sensor
voltage during DFSO exceeds the maximum UEGO voltage in air threshold, then the fault timer increments. If the
fault timer exceeds the fault time threshold, then open IA DTC P2626 and/or P2629 will set. Since transient
sources of fuel in the exhaust after injector cut can contribute to the UEGO sensor voltage to read lower (rich), the
air rationality monitor will not call a pass until the transient sources of fuel have been exhausted and pure air entry
conditions during DFSO are met (i.e. all injectors must be off, purge must be off, no fuel must be leaking around
the PCV valve, and a few transport delays must have passed to allow the last fuel transients to be exhausted
leaving nothing for the sensor to see, but air).

FORD MOTOR COMPANY REVISION DATE: APRIL 6, 2009 PAGE 66 OF 235



Graph
L4 5 (p“ﬁ’_\ A,/_{ Maximum UEGO veltage in air threshold | P
\—{ UEGO woltage during injectar cut with L& circuit open |
4.0
\—{ UEGO woltage during injectar cut with no Fault |
5.2
1
/—{ Fault tirner increments az soon az the UEGD voltage excesds the threshald after injector cut
1
=24
1
1
ﬁﬁh .EV\'J\ M Mww
"y
] Y,
o5 | |‘\|
-1 NN

1 1 1 1 1
S4.00 93.00 112.0 126.0 140.0

The time spent at the limits of the short term fuel trim and the time when the measured lambda is nearly 1.0 are
monitored after vehicle startup when closed loop fuel has been requested, during closed loop fuel conditions, or
when open loop fuel has been requested due to UEGO sensor fault. Excessive time with short term fuel trim at its
limits (up to +/- 40%), or no rich / lean activity seen since startup indicates a "lack of switch" malfunction. Also,
excessive time without measured lambda deviating from 1.0, in spite of attempts to force activity (defib) in the
measured lambda, indicates a "lack of movement" malfunction. Since “lack of switching” malfunctions can be
caused by UEGO sensor malfunctions or by shifts in the fuel system, DTCs are stored that provide additional
information for the “lack of switching” malfunction. Different DTCs indicate whether the sensor always indicates
lean (P2195, P2197), or always indicates rich (P2196, P2198). "Lack of movement" malfunction, (Bosch UEGO
application only), typically indicating a disconnected wire (pumping current, IP), results in P0134, P0154 DTCs.

UEGO equipped vehicles will also monitor the circuitry between the PCM and the UEGO sensor via the wire
diagnostics capability included on the UEGO ASIC chip. The wire diagnostics will detect wires (IP, 1A, VM/COM,
RE/VS) shorted to battery, or ground, and in most cases will detect open circuits (IP, VM/COM, RE/VS). The
diagnostic bits are transmitted to the PCM via SPI (serial peripheral interface). The SPI communication is validated
continuously, and if a SPI communication failure is detected, fault code(s) P064D and/or PO64E will be set. The
ASIC is also capable of detecting internal circuitry failure; in which case, an ASIC failure DTC (P1646, P1647)
along with the SPI communication failure DTC (P064D, PO64E) will be set.
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UEGO “Lack of Switching” Operation:

DTCs P2195 - Lack of switching, sensor indicates lean, Bank 1
P2196 - Lack of switching, sensor indicates rich, Bank 1
P2197 - Lack of switching, sensor indicates lean, Bank 2

P2198 - Lack of switching, sensor indicates rich, Bank 2

Monitor execution continuous, from startup and while in closed loop fuel or open loop fuel due to
UEGO sensor fault

Monitor Sequence None

Sensors OK ECT, IAT, MAF, VSS, TP, ETC, FRP, DPFE EGR, VCT, VMV/EVMV, CVS,

FTP, CKP, CMP, ignition cails, injectors, no misfire DTCs, no system failures
affecting fuel, no EVAP gross leak failure, UEGO heaters OK, no "lack of
movement" malfunction, no UEGO circuit malfunction

Monitoring Duration 30 seconds to register a malfunction

Typical UEGO “Lack of Switching" entry conditions:

Entry condition Minimum Maximum

Closed Loop or Open Loop Requested due to UEGO
sensor fault

No fuel flow entering thru PCV during cold start when
flashing off fuel in ail (for O2 Sensor Stuck Rich DTCs only)

Inferred Ambient Temperature -40 °F

Time within entry conditions 10 seconds

Fuel Tank Pressure 10 in HO
Fuel Level 15%

Battery Voltage 11.0 Volts 18.0 Volts

Typical UEGO “Lack of Switching” malfunction thresholds:

> 30 seconds since reaching the short term fuel trim limits while closed loop fuel or < 0.5 seconds rich or <
0.5 seconds lean since startup for > 30 seconds in test conditions while open loop fuel is requested due to
UEGO sensor fault.
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UEGO “Lack of Movement” Operation:

DTCs P0134 - Lack of movement, Bank 1
P0154 — Lack of movement, Bank 2

Monitor execution continuous, from startup and while in closed loop fuel or open loop fuel due to
UEGO sensor fault

Monitor Sequence None

Sensors OK ignition cails, injectors, no misfire DTCs, no system failures affecting fuel,
UEGO heaters OK, no "lack of switching" malfunction, no UEGO circuit
malfunction

Monitoring Duration 20 seconds to register a malfunction

Typical UEGO “Lack of Movement" entry conditions:

Entry condition Minimum Maximum
Closed Loop or Open Loop Requested due to UEGO

sensor fault

Inferred Ambient Temperature -40 °F

Battery Voltage 11.0 Volts 18.0 Volts

Typical UEGO “Lack of Movement” malfunction thresholds:

> 20 seconds in test conditions without lambda movement during "defib" while in closed loop fuel or < 0.2
seconds without lambda movement since startup for > 30 seconds in test conditions while open loop fuel is

requested due to UEGO sensor fault.
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UEGO "Wire Diagnostic"” Operation:

DTCs

P0130 — O2 circuit (Bank 1, Sensor 1).

Note: This DTC will set for open IP (NTK), RE/NVS, VM/COM, short to
ground IP (Bosch), RE, VM, IA, short to battery IP (Bosch), RE, VM, IA.

P0150 — O2 circuit (Bank 2, Sensor 1).

Note: This DTC will set for open IP (NTK), RE/VS, VM/COM, short to
ground IP (Bosch), RE, VM, IA, short to battery IP (Bosch), RE, VM, IA.

P0131 — O2 circuit low voltage (Bank 1, Sensor 1).

Note: This DTC will set for short to ground IP (NTK), VS, COM.
P0151 — O2 circuit low voltage (Bank 2, Sensor 1).

Note: This DTC will set for short to ground IP (NTK), VS, COM.
P0132 — O2 circuit high voltage (Bank 1, Sensor 1).

Note: This DTC will set for short to battery IP (NTK), VS, COM.
P0152 — O2 circuit high voltage (Bank 2, Sensor 1).

Note: This DTC will set for short to battery IP (NTK), VS, COM.

P164A — O2 sensor positive current trim circuit performance (Bank 1, Sensor 1).
Note: This DTC will set for an erratic RL.

P164B — O2 sensor positive current trim circuit performance (Bank 2, Sensor 1).
Note: This DTC will set for an erratic RL.

P2627 — O2 sensor positive current trim circuit low (Bank 1, Sensor 1).
Note: This DTC will set for open or short to ground RL.

P2630 — O2 sensor positive current trim circuit low (Bank 2, Sensor 1).
Note: This DTC will set for open or short to ground RL.

P2628 — O2 sensor positive current trim circuit high (Bank