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** 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.

‘ CATALYST MONITOR OPERATION:

DTCs

P0420 - Catalyst System Efficiency Below Threshold, Bank 1 (or Y-pipe),
P0430 - Catalyst System Efficiency Below Threshold, Bank 2

Monitor execution

once per driving cycle

Monitor Sequence

The monitor will not make the pass or fail call until the following diagnostics
complete: UEGO sensor (all), CMS heater, CMS circuit.

Sensors OK

There are MIL DTCs that will disable the monitor for the rest of the key cycle if
they have failed this key cycle. Sensors and systems included include: Primary
02, Rear O2, ECT, IAT, TP, VSS, CKP, MAF, fuel level, fuel pressure,
barometric pressure, misfire, ignition coil, fuel monitor, VCT, evap system,
electronic throttle control, intake manifold runner control, cylinder head
temperature, closed loop fuel control, fuel rail pressure, fuel volume regulator,
direct injector, port fuel injector, cam position, knock sensor, output shaft sensor,
purge control, transmission control module data, variable displacement engine.

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 index ratio monitor.

3 Decel Fuel Cutoff events for IAF catalyst monitor

TYPICAL IAF CATALYST MONITOR ENTRY CONDITIONS:

Entry condition Minimum Maximum
Engine Coolant Temp 71°C 121 °C
Intake Air Temp -6.7°C 60 °C
Inferred catalyst mid-bed temperature 510C 815C
Fuel Level 15%

Air Mass Flow 2.0 Ib/min
Minimum inferred rear O2 sensor temperature 800 °F

closed loop fuel adaptation within limits 97% 103%
Rear O2 sensor rich since last monitor attempt 0.45 volts

Rear O2 sensor lean with injectors off (voltage needed to enter monitor) 0.1 volts

complete monitor)

Rear O2 sensor reads rich after fuel turned back on (voltage needed to | 0.45 volts

Engine speed

3000 RPM

Vehicle speed during decel fuel cut off 5 KPH

VDE not disabling cylinders during decel fuel shut off

TYPICAL MALFUNCTION THRESHOLDS:

Catalyst monitor index ratio > 0.75 (bank monitor)

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

Mode $06 reporting for IAF Catalyst Monitor

The catalyst monitor results are converted to a ratio for Mode $06 reporting to keep the same look and feel for the
service technician. The equation for calculating the Mode $06 monitor result is:

1 — (Actual reactivation fuel/ Good catalyst reactivation fuel)

J1979 CATALYST MONITOR MODE $06 DATA

Monitor ID | Test ID Description

$21 $81 Bank 1 Oxygen Storage Capacity and max. limit (P0420) unitless

$22 $81 Bank 2 Oxygen Storage Capacity and max. limit (P0430) unitless

Catalyst Efficiency Monitor: Model Based (New)

CATALYST MONITOR OPERATION:

DTCs P0420 - Catalyst System Efficiency Below Threshold, Bank 1 (or Y-pipe),
P0430 - Catalyst System Efficiency Below Threshold, Bank 2

Monitor execution once per driving cycle

Monitor Sequence The monitor will not make the pass or fail call until the following diagnostics
complete: UEGO sensor response, CMS heater, CMS circuit.

Sensors OK There are MIL DTCs that will disable the monitor for the rest of the key cycle if
they have failed this key cycle. Sensors and systems included include: Primary
02, Rear O2, ECT, IAT, TP, VSS, CKP, MAF, fuel level, fuel pressure,
barometric pressure, misfire, ignition cail, fuel monitor, VCT, evap system,
electronic throttle control, intake manifold runner control, cylinder head
temperature, closed loop fuel control, fuel rail pressure, fuel volume regulator,
direct injector, port fuel injector, cam position, knock sensor, output shaft sensor,
purge control, transmission control module data, variable displacement engine.

Monitoring Duration 100 seconds of ‘enabled time’ (calibratable). Enabled time occurs during more
steady ‘cruise’ driving conditions.

TYPICAL MODEL BASED CATALYST MONITOR ENTRY CONDITIONS:

Entry condition Minimum Maximum
Engine Coolant Temp 71°C 127 °C
Intake Air Temp -6.7°C 60 °C
Inferred catalyst mid-bed temperature 538 C 825C
Fuel Level 15%

Air Mass Flow 17 g/s 759/s
Minimum inferred rear O2 sensor temperature 800 °F

Fuel adaptation learned within limits 97% 103%

Ford Motor Company Confidential Revision Date Jan. 26, 2023 Page 3 of 172



battery voltage 11 volts

ambient air temperature -6.7 °C 60 °C
flex fuel adaptation complete

Normalized engine load 0 2
FAQOS (outer loop control using rear O2 sensor) is enabled n/a n/a

Air flow 17 g/s 759/s
Engine speed 1100 rpm 2500 rpm
Seondary O2 sensor voltage: (slow — heavily filtered ) 045V 0.85V
Rear O2 sensor voltage (fast — no filtering). Only used when the rear O2 | 0.35 V 09V
sensor output has crossed 0.45 V < calibratable number (typically 4 to 12)

times.

Air flow fractional change per 0.02 s loop 0.5

TYPICAL MALFUNCTION THRESHOLDS:

Catalyst gain with compensation > 1.5 (bank monitor)

Mode $06 reporting for model based Catalyst Monitor

J1979 CATALYST MONITOR MODE $06 DATA

Monitor ID | Test ID Description

$21 $81 Bank 1 Oxygen Storage Capacity and max. limit (P0420) unitless

$22 $81 Bank 2 Oxygen Storage Capacity and max. limit (P0430) unitless
Ford Motor Company Confidential Revision Date Jan. 26, 2023 Page 4 of 172



Misfire Monitor

‘ Misfire Monitor Operation: ‘
DTCs P0300 to P0310 (general and specific cylinder misfire)
PO33F or P1336 (noisy crank sensor, no cam/crank synchronization)
P0315 (unable to learn profile)
P0316 (misfire during first 1,000 revs after start-up)

P0313 (misfire detected with low fuel level)

Monitor execution Continuous, misfire rate calculated every 200 or 1000 revs
Monitor Sequence None

Sensors OK CKP, CMP, MAF

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 | 2 revs after exceeding redline on tach or fuel
delay) 150 rpm below “drive” cutoff
idle rpm
Profile correction factors learned in NVRAM Yes
Fuel tank level 15%

Typical misfire temporary disablement conditions:

Temporary disablement conditions:

Closed throttle decel (negative torque, engine being driven) > -100 ft lbs

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) > -450 deg/sec or 250 deg/sec ; > -200 ft Ibs/sec
or > 250 ft Ibs/sec

Rough Road conditions present

‘ Typical misfire monitor malfunction thresholds:

Type A (catalyst damaging misfire rate): misfire rate is an rpm/load table ranging from 40% at idle to 5% at high
rpm and loads

Type B (emission threshold rate): 0.9% to 1.5%

J1979 Misfire Mode $06 Data
Monitor ID | Test ID Description

A1 $80 Total engine misfire and catalyst damage misfire rate (updated every | percent
200 revolutions) (PO30x)
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A1 $81 Total engine misfire and emission threshold misfire rate (updated every | percent
1,000 revolutions) (P030x)

A1l $82 Highest catalyst-damage misfire and catalyst damage threshold misfire | percent
rate (updated when DTC set or clears) (PO30x)

Al $83 Highest emission-threshold misfire and emission threshold misfire rate | percent
(updated when DTC set or clears) (P030x)

A1l $84 Inferred catalyst mid-bed temperature (P030x) °C

A2 - AD $0B EWMA misfire counts for last 10 driving cycles (P030x) events

A2 - AD $0C Misfire counts for last/current driving cycle (P030x) events

A2 - AD $80 Cylinder X misfire rate and catalyst damage misfire rate (updated every | percent
200 revolutions) (PO30x)

A2 - AD $81 Cylinder X misfire rate and emission threshold misfire rate (updated | percent
every 1,000 revolutions) (P030x)

‘ Profile Correction Operation

DTCs

P0315 - unable to learn profile 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 (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%

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%
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EVAP System Monitor - 0.040” dia. Vacuum Leak Check

‘ 0.040” EVAP Monitor Operation:

DTCs P0455 - EVAP System Leak Detected (large leak)

P0457 - EVAP System Leak Detected (fuel cap loose/off)

P0442 - EVAP System Leak Detected (small leak) (0.040” leak),

P1450 - Unable to Bleed Up Fuel Tank Vacuum (excessive vacuum)  or
P0496 - EVAP System High Purge Flow

Note: P1450 is being replaced by P0496

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 time OR 4 - 6 hours

ECT at start — |AT at start <= 12 °F

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 Ibm/min
Fuel Fill Level 15% 85%

Fuel Tank Pressure Range -17 H0 1.5 H0
Battery Voltage 11 volts 18 volts
Clean Canister

Change in load: > 30%

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

Change in tank pressure: > 1 “ H20

Change in fuel fill level: > 15%

Number of aborts: > 255

Vehicle Accel > 1 mph / sec
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‘ Typical 0.040 EVAP monitor malfunction thresholds:

P1450/P0496 (Excessive vacuum): < -4.0 in H20 delta vacuum from time that CVS is closed, or > -4. in H20
stagnant vapor over a 10 second evaluation time.

P0455 (Gross leak): > -8.0 in H20 over a 30 second evaluation time.
P0457 (Gross leak, cap off): > -8.0 in H20 over a 30 second evaluation time after a refueling event.
P0442 (0.040” leak): > 2.5 in H20 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 H20 over a 120 second evaluation time

J1979 Evaporative System Mode $06 Data prior to 2017 MY

TestID | Comp ID Description Units

$3A $80 Phase 0 end pressure result and test limits (data for P1450/P0496 — | Pa
excessive vacuum)

$3A $81 Phase 4 vapor generation minimum change in pressure and test limits | Pa
(data for P1450/P0496, 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 (data | Pa
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.

J1979 Evaporative System Mode $06 Data for 2017 MY and beyond

TestID | Comp ID Description Units

$39 $82 HD 0.150” Leak test - Phase 0 end pressure result and test limits (data | Pa
for P0455/P0457 — gross leak/cap off) (P0455)

$3A $83 0.090” Leak test - Phase 2 0.040"/0.090" leak check vacuum bleed-up | Pa
and maximum 0.040"/0.090" leak threshold (P0442)

$3B $83 0.040” Leak test - Phase 2 0.040" leak check vacuum bleed-up and | Pa
maximum 0.040" leak threshold (P0442)

$3D $88 Purge Flow Monitor - Excessive vacuum limit (Fail on time out) | Pa
(P1450/P0496)

$3D $88 Purge Flow Monitor - Excessive vacuum limit (Fail on delta pressure) | Pa
(P1450/P0496)

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. Engine Off Natural Vacuum

‘ 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.
Entry conditions to allow EONV test (prior to key off) Minimum Maximum
Engine off (soak) time 3.5-6 hours
OR
Inferred soak criteria met: - (ECT at start — IAT at start) 12°FF
Inferred soak criteria met — ECT at start 35°F F 105°F F
Inferred soak criteria met - minimum engine off soak time 0 sec
Time since engine start-up to allow EONV test 20 minutes 90 minutes
Ambient Temperature at start-up 40°F 95 °F
Battery Voltage to start EONV test 11 volts
Number of completed EONV tests in 24hr cycle 6
Cumulative test time in 24hr cycle 90 minutes
Fuel level 15% 85%
ECU time since power-up to allow EONV test 180 seconds
Flex fuel inference complete Learned
BARO (<8,000 ft altitude) 22.0 “Hg
Summation of air mass of the combustion engine since start ensures that | 7500 to 15000
vehicle has been operated off idle (function of ambient temperature). lbm/min
Ratio of drive time to (drive + soak) time. (This allows for the driver to | 0.8
key-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" H20 during stabilization phase (indicates excessive vapor)

Tank pressure not stabilized for tank pressure offset determination

Rapid change in tank pressure > 0.5"H20 (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 (only for standalone satellite micro applications)

Canister Vent Solenoid fault detected

Driver turns key-on

‘ Typical 0.020 EONV EVAP monitor malfunction thresholds:

P0456 (0.020” leak): < 0.75 in H20 pressure build and

< 0.50 in H20 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 Units
$3C $81 EONV Positive Pressure Test Result and Limits (data for P0456) | Pa
$3C $82 EONV Negative Pressure (Vacuum) Test Result and Limits(data | Pa
for P0456)
$3C $83 Normalized Average of Multiple EONV Tests Results and Limits | unitless
(where 0 = pass, 1 = fail) (data for P0456)

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

‘ Canister Purge Valve Check Operation:
DTCs

Monitor execution

P0443 — Evaporative Emission System Purge Control Valve "A" Circuit

continuous

Monitor Sequence None
Sensors OK

Monitoring Duration

not applicable

5 seconds to obtain smart driver status

Typical Canister Purge Valve check malfunction thresholds:

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

‘ Canister Vent Solenoid Check Operation:

DTCs 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:

P0446 (Canister Vent Solenoid Circuit): open/shorted

‘ 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

‘ 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 H20
0.100 20 -17.82
0.500 102 -15.0
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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, 10 seconds for noisy sensor test

Typical Fuel Tank Pressure Sensor check malfunction thresholds:
P0452 (Fuel Tank Pressure Sensor Circuit Low): < -17.82 in H20
P0453 (Fuel Tank Pressure Sensor Circuit High): > 16.06 in H20

P0454 (Fuel Tank Pressure Sensor Circuit Noisy): > open circuit, short circuit or > 4 in H20 change between
samples, sampled every 100 msec

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/P0496 DTCs

Sensors OK not applicable

Monitoring Duration < 1 second

Typical Fuel Tank Pressure Sensor Offset Check Entry Conditions:

Entry condition Minimum Maximum
Ignition key on, engine off, engine rpm 0 rpm
Purge Duty Cycle 0%
Engine off (soak) time 4 - 6 hours

Fuel Tank Pressure Sensor Variation during test 0.5in H0
Battery Voltage 11.0 Volts

Typical Fuel Tank Pressure Sensor Offset Check Malfunction Thresholds:

Fuel tank pressure at key on, engine off is 0.0 in H20 +/- 2.0 in H20
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‘ Fuel Level Input Check Operation:

DTCs P0461 — Fuel Level Sensor A Circuit Noisy
P0462 — Fuel Level Sensor A Circuit Low
P0463 — Fuel Level Sensor A Circuit High
P2066 — Fuel Level Sensor B Circuit Noisy
P2067 — Fuel Level Sensor B Circuit Low
P2068 — Fuel Level Sensor B Circuit High

Monitor execution continuous

Monitor Sequence None

Sensors OK not applicable

Monitoring Duration 30 seconds for electrical malfunctions,

Typical Fuel Level Input check malfunction thresholds:

P0460 or P0462 (Fuel Level Input Circuit Low): < 5 ohms (< 1 A/D count)
P0460 or P0463 (Fuel Level Input Circuit High): > 200 ohms (>253 A/D counts)

P0461 or P2066 (Fuel Level Input Noisy): > 40% change between samples, > 100 occurrences, sampled

every 0.100 seconds

‘ Fuel Level Input Stuck Check Operation:

DTCs P25B0 - Fuel Level Sensor "A" Stuck
P25B1 - Fuel Level Sensor "B" Stuck
P25B2 - Fuel Level Sensor "A" or "B" 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

P25B0/P25B1/P25B2 (Fuel Level Input Stuck):

change in fuel level input reading
in fuel level input reading

change in fuel level input reading

Typical Fuel Level Input Stuck check malfunction thresholds:

Fuel level stuck at greater than 90%: > 60% difference in calculated fuel tank capacity consumed versus
Fuel level stuck at less than 10%: > 30% difference in calculated fuel tank capacity consumed versus change

Fuel level stuck between 10% and 90%: > 25% difference in calculated fuel tank capacity consumed versus
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‘ Evap Monitor Microprocessor Performance:

DTCs P260F - Evap System Monitoring Processor Performance
Monitor execution continuous

Monitor Sequence None

Sensors OK not applicable

Monitoring Duration 5 seconds

Evap Switching Valve (EVAPSV) Diagnostics

‘ EVAP Switching Valve (EVAPSV) Monitor Operation:

DTC P2450

Monitor execution once per driving cycle

Monitor Sequence Runs during Phase 3 of the evap 0.040" cruise test
Sensors/Components OK | MAF, IAT, VSS, ECT, CKP, TP, FTP, CPV, CVS
Monitoring Duration 2 to 3 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: Calculated ratio < 2.75

‘ J1979 Evaporative System Mode $06 Data

Test ID Comp ID Description Units

$3D $82 Vapor blocking valve performance (P2450) Unitless

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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Blocked Purge Line Diagnostics

‘ EVAP Blocked Line Monitor Operation:

DTC

P144A - EVAP System Purge Vapor Line Restricted/Blocked
POOFE - EVAP System Tank Vapor Line Restricted/Blocked
Note: P144A DTC is being replaced by POOFE

or

Monitor execution

once per driving cycle

Monitor Sequence

Phases 3 & 4 to confirm a fault.

Runs during Phase 0 of evap 0.040" cruise test. Performs an intrusive test in

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 1.5 (Ib/min)

Manifold vacuum high enough for intrusive portion of test 5"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/POOFE: Phase 0 portion of test delta pressure < -5 "Hz0/sec
P144A/POOFE: Phase 3 & 4 (intrusive test) pressure response < -2 "H20

J1979 Evaporative System Mode $06 Data

Test ID Comp ID Description Units
$3D $80 Blocked Evap System Line - Screening test (P144A/POOFE) Pa/sec
$3D $81 Blocked Evap System Line - Fault confirmation test (P144A/POOFE) 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

‘ Evaporative System Purge Check Valve Performance Diagnostic Operation:

DTC P144C - Evaporative Emission System Purge Check Valve Performance or
P04FO0 - EVAP System High Load Purge Line "A" Performance
Note: P144C is being replaced by P04F0

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) 410 8" Hg

Engine Delta Load 0.2

Vehicle Acceleration 0.5 mph/sec

Typical Evaporative System Purge Check Valve Diagnostic malfunction thresholds:

Pressure Rise Rate (delta pressure / delta time) > 0.50 " H20/sec
Threshold is a function of fuel level with a range of 0.5t0 1.0
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Dual Path Purge Check Valve Diagnostics

‘ Evaporative System Purge Check Valve Performance Diagnostic Operation:

DTC P144C - Evaporative Emission System Purge Check Valve Performance or
P04FO0 - EVAP System High Load Purge Line "A" Performance
Note: P144C is being replaced by P04F0

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, WASTEGATE
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 air temperature 40° F 105° F
Battery Voltage 11.0 Volts

Fuel level 15% 90%
Engine Coolant Temperature 160° F

Atmospheric Pressure (BARO) 23" Hg

Boost Pressure (MAP — BARO) 8" Hg

Typical Evaporative System Purge Check Valve Diagnostic malfunction thresholds:

CV1- Pressure Rise Rate (delta pressure / delta time) > 1 " H20O/sec

CV1- Threshold is a function of fuel level with a range of 1.5 t0 2.6

CV2- Vacuum Rate (delta vacuum / delta time) >-0.4 and < 0.5 H20O/sec

CV2- Threshold is a function of fuel level with a range of 0.5 to 0.7 for the upper band and -0.4 to -0.3 for the

lower band
‘ J1979 Evaporative System Mode $06 Data

TestID | Comp ID | Description Units

$3D $89 Check valve test for dual path purge. (Check Valve 1 Failed- | Pa/sec
P144C/P04FO0)

$3D $89 Check valve test for dual path purge. (Check Valve 2 Failed- | Pa/sec
P144C/P04FO0)

$3D $89 Check valve test for dual path purge. (Check Valve 1 and 2 Passed - | Pa/sec
P144CP04F0)

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.

Ford Motor Company Confidential Revision Date Jan. 26, 2023 Page 17 of 172



Fuel System Monitor

Fuel Monitor Operation:
DTCs P0171 Bank 1 Lean, PO174 Bank 2 Lean
P0172 Bank 1 Rich, P0175 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

Typical fuel monitor entry conditions:

Entry condition Minimum Maximum
Engine Coolant Temp 170°F/70°C 230 °F/ 110°C
Engine load 12%

Intake Air Temp -30°F /-40°C 150 °F / 65 °C
Fuel Level 10%

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 > 1%
Rich malfunction: LONGFT < 25%, SHRTFT < 1%
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FAOSC (Rear Fuel Trim) Monitor

‘ 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, MAP, VSS, TP, ETC, FRP, FVR, DPFE EGR, VCT, VMV/EVMV,
CVS, CPV, EVAPSV, FTP, CKP, CMP, ignition coils, injectors, no misfire DTCs, no
system failures affecting fuel, no EVAP gross leak failure, UEGO heaters OK, rear

response rate malfunction.

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

Monitoring Duration 5 seconds to register a malfunction

Typical UEGO "FAOS Monitor" entry conditions:

Entry condition Minimum Maximum
Closed loop stoich fuel control

Time since engine start 20 seconds

Engine Coolant Temp 160 °F 250 °F
Time since entering closed loop fuel 20 seconds

Fuel Level 15%

Short Term Fuel Trim Range -13% 18%

Air mass range 2 lbm/min 8 Ibm/min
Learning conditions stability time (based on air mass) 15 seconds

Injector fuel pulse width (not at minimum clip) 650 usec

Inferred HO2S 2 Heated Tip Temperature 1100 °F

No excessive movement between currently utilized long term fuel trim 0.5

cells (1 = complete change from one cell to adjacent cell)

UEGO sensor within +/- 2 % from the fuel control target

UEGO ASIC not in recalibration mode

Stream1 UEGO response test not running

Intrusive UEGO catalyst monitor not running

Not performing intrusive UEGO Lack-of-Movement fuel control defib

No air passing through during valve overlap (scavenging).

Battery Voltage 11.0 Volts 18.0 Volts
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Typical UEGO "FAOS Monitor" malfunction thresholds:

>= 5 seconds since reaching the FAOSC lean or rich limits while system bias maturity is met.
Lean malfunction: -0.083 rear bias trim limit

Rich malfunction: 0.087 rear bias trim limit
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Air Fuel Ratio Imbalance Monitor - 02 Sensor Monitor

‘ Air Fuel Ratio Imbalance Operation

DTCs

P219A — Bank 1 Air-Fuel Ratio Imbalance
P219B — Bank 2 Air-Fuel Ratio Imbalance

Monitor execution

Once per driving cycle during closed loop

Monitor Sequence

Monitor runs after fuel monitor has adapted

Sensors OK

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

CKP, CMP, ignition coils, 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

Air Fuel Ratio Imbalance entry conditions:

Time to complete monitor ranges from 300 to 700 seconds

Entry condition Minimum Maximum
Closed Loop Fuel Control

Engine Air Mass 2 Ib/min 10 Ib/min
Engine RPM Cell 0 1250 rpm 1700 rpm
Engine RPM Cell 1 1700 rpm 2100 rpm
Engine RPM Cell 2 2100 rpm 3400 rpm
Engine Load Cell 0 40% 70%
Engine Load Cell 1 50% 80%
Engine Load Cell 2 60% 90%
Engine Coolant Temp 150 °F 250 °F
Intake Air Temp 20 °F 150 °F
Throttle Position Rate of Change 0.122 v/100 msec
Fuel percentage from purge 40%

Fuel Level 15%

Fuel monitor has adapted

No purge on/off transition

Fuel type leaning is complete (FFV only)

Air Fuel Ratio Imbalance malfunction thresholds:

Imbalance Ratio Bank 1 >.75

Imbalance Ratio Bank 2 > .75
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‘ J1979 AFIMN MONITOR MODE $06 DATA

Monitor ID | Test ID Description

$81 $80 Bank 1 imbalance-ratio and max. limit (P219A/P219B) unitless

$82 $80 Bank 2 imbalance-ratio and max. limit (P219A/P219B) unitless
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Front HO2S Monitor

‘ HO2S “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 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

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)

No air passing through during valve overlap (scavenging).

Inferred Ambient Temperature -40 °F

Time within entry conditions 10 seconds

Fuel Tank Pressure 10in H20
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

DTCs P0131 HO2S11 Circuit Low Voltage (Bank 1 Sensor 1)
P0151 HO2S21 Circuit Low Voltage (Bank 2 Sensor 1)

Monitor execution continuous

Monitor Sequence None

Sensors OK front HO2S heaters OK

Monitoring Duration 10 seconds to register a malfunction
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Typical HO2S “Circuit Open/Shorted to Ground Test via HO2S Impedance Measurement” entry

conditions:

Entry condition Minimum Maximum

Closed Loop

Inferred Stream 1 HO2S Temperature 680 °F 1526 °F (short to ground)

Inferred Stream 1 HO2S Element Temperature (applicable | 480 °F

only if Stream 1 HO2S Impedance Monitor is enabled)

Time Stream 1 HO2S inferred element temperature within 1 second

10% of the predicted steady state temperature (applicable

only if Stream 1 HO2S Impedance Monitor is enabled)

Sensor 1 HO2S heater-on time 60 seconds

All injectors on (no Decel Fuel Shut Off)

Not commanding lean lambda due to torque reduction

Not requesting enrichment due to catalyst reactivation

following decel fuel shut off

Sensor 1 HO2S voltage (open circuit voltage fault band):

Conti-Moto CBP-A2 PCM -0.05 Volts 0.05 Volts
Other PCMs 0.27 Volts 0.50 Volts
or depending on feedback circuit 1.30 Volts 1.90 Volts

Sensor 1 HO2S voltage (circuit shorted to ground voltage -3.00 Volts 0.06 Volts

fault band):

Voltage at sensor 1 HO2S connector 11.0 Volts

Battery Voltage 11.0 Volts 18.0 Volts

Typical HO2S “Circuit Open/Shorted to Ground Test” malfunction thresholds:

HO2S Circuit Open:

HO2S Impedance > 500k ohms (Conti-Moto CBP-A2, Conti-Siemens CBP-C2, Bosch Green Oak, Bosch
MED ECM, Conti EMS22xx processors)

> 250k ohms (Conti EMS22xx, Conti EMS23xx, Conti EMS24xx without feedback circuit

processors)

> 150k ohms (Bosch MEDG, Bosch MED ECM with feedback circuit, Bosch MG1

multicore, Bosch ME processors)

> 20k ohms (Conti EMS24xx with feedback circuit, Conti EMX25xx, Conti EMS27xx,
Conti EMS28xx, Conti EMS290x, Conti EMS295x processors)

Fault counter > 14 (200 msec test every 500 msec check)

HO2S Circuit Shorted to ground:
HO2S Impedance < 10 ohms

Fault counter > 17 (100 msec test every 500 msec check)
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‘ HO2S “Over Voltage Test” Operation:

DTCs P0132 — O2 Sensor Circuit High Voltage, Bank 1
P0152 - O2 Sensor Circuit High 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:

HO2S Voltage > 1.1 volts or 1.9 volts (pending on feedback circuit) for 10 seconds for over voltage test
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‘ HO2S Response Rate Operation: ‘

DTCs

P0133 - O2 Sensor Circuit Slow Response Bank 1)
P0153 - O2 Sensor Circuit 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 coils, 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

Typical HO2S response rate entry conditions:

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

Typical HO2Sresponse rate malfunction thresholds:

Voltage amplitude: < 0.5 volts
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‘ J1979 Front HO2S Mode $06 Data

Monitor ID | Test ID Description

$01 $80 HO2S11 voltage amplitude and voltage threshold P0O133) Volts

$01 $01 H02S11 sensor switch-point voltage Volts

$05 $80 HO2S21 voltage amplitude and voltage threshold P0153) Volts

$05 $01 H02S21 sensor switch-point voltage Volts
Front HO2S Heaters

HO2S Heater Monitor Operation:

DTCs Sensor 1

P0030 — HO2S511 Heater Control Circuit, Bank 1
P0050 — HO2S21 Heater Control Circuit, Bank 2
P0135 - O2 Sensor Heater Circuit, Bank 1
P0155 - O2 Sensor Heater Circuit, Bank 2
P0053 - HO2S Heater Resistance, Bank 1
P0059 - HO2S Heater Resistance, Bank 2

Monitor execution

once per driving cycle for heater current, continuous for voltage monitoring and
HO2S heater temperature control monitoring.

Monitor Sequence

Heater current monitor: Stream 1 HO2S response test completed (2010 MY
and earlier), Stream 2 and 3 HO2S functional tests completed (2010 MY and
earlier), HO2S heater voltage check completed.

HO2S heater temperature control monitor: Stream 1 HO2S heater voltage check
completed, Stream 1 HO2S circuit check completed, intrusive heater current
monitor completed (if applicable).

Sensors OK

Heater current monitor: no HO2S heater voltage DTCs.

HO2S heater temperature control monitor: Stream 1 HO2S heater voltage check
completed, Stream 1 HO2S circuit check completed, intrusive heater current
monitor completed (if applicable).

Monitoring Duration

< 10 seconds for heater voltage check, < 5 seconds for heater current check, >=
30 seconds for the HO2S heater temperature control monitor to register a
malfunction.

Typical HO2S heater monitor entry conditions:

Entry condition Minimum Maximum
Heater Voltage Test:
Inferred HO2S 1 Temperature 150 °F 1250 °F
Battery Voltage 11.0 18.0 Volts
Heater Current Test:
Inferred HO2S 1 Temperature 250 °F 1250 °F
HO2S 1 heater-on time 30 seconds
Engine RPM 5000 rpm
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Battery Voltage 11.0 18.0 Volts

HO2S Heater Temperature Control Monitor:

Heater voltage test completed

Stream 1 HO2S circuit check completed

Intrusive heater current monitor completed (if applicable)
Battery Voltage 11.0 18.0 Volts

Typical HO2S heater check malfunction thresholds:

Smart driver status indicated malfunction
Number monitor retries allowed for malfunction > = 30
Heater current outside limits: < 0.220 Amps or > 3 Amps, (NTK Thimble)

< 0.400 Amps or > 3 Amps, (Bosch Thimble)

< 0.550 Amps or > 3 Amps, (Bosch Planar)

< 0.465 Amps or > 3 Amps, (NTK Fast Light Off)

< 0.230 Amps or > 3 Amps, (Bosch Fast Light Off)
Monitor ID | TestID Description Units
$41 $81 HO2S11 Heater Current (P0053) Amps
$45 $81 HO2S21 Heater Current (P0059) Amps
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Front UEGO Monitor

‘ 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, MAP, VSS, TP, ETC, FRP, FVR, DPFE EGR, VCT,

VMV/EVMV, CVS, CPV, EVAPSV, FTP, CKP, CMP, ignition coils, 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

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 Sens