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1

P0420/P0430

A Murder Mystery On Who 

Killed The Cat

D.A.D.S

Conversation Topics

Theory and operation of the catalytic converter

Suggested tools for the investigation

How the P.C.M condemns the catalytic converter

Suggested tests and the outcomes of each test

Mode 6

Code setting criteria

Data analysis

Case studies
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Tools For The Investigation

D.A.D.S

Year:__________________ 

Make:_________________

Model:_________________

Engine_________________

DTC:

 Pending/Current/History___________

___________________________________

 Permanent_______________________

 Does Freeze Frame show any useful data

 Mode 6 Data______________________

 T.S.B.____________________________

 Visual Inspection of exhaust

Data Collection:

 Oxygen sensor appear to switching

Tests: Ok     Fail

Battery Test

Relative Comp

Cylinder Cont.

Vacuum Testing:

Idle

Snap Throttle

Air Intake Test 

V.E.

Fuel Trims

Fuel Pressure
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Oxygen Sensor Info – The Witnesses 

The oxygen sensor measures the remaining oxygen in the exhaust stream after the 

combustion process. The control module uses this sensor to help regulate air/fuel 

ratio for optimal combustion in a gasoline engine.

Good oxygen sensors have even waves in the  150 mV to 850 mV range that switch 

from rich to lean or lean to rich in 100 ms or less when the system is in Closed 

Loop. 

D.A.D.S

Oxygen Sensor Info– The Witnesses 

Less oxygen than optimal in the exhaust results in a signal voltage over 900 mV. 

This reflects a RICH CONDITION. More oxygen in the exhaust than optimal 

results in a signal voltage under 100 mV. This reflects a LEAN CONDITION.

Voltage switching between 150-850 MV is stoichiometric and is a lambda of 1
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Toyota Air Fuel Sensor – Example – The Witnesses 

3.3

Voltage 

under 3.3 

volts is rich 

from 11:1 – 

14.7:1

Voltage 

over 3.3 

volts is lean 

from 14.7:1 

– 19:1

D.A.D.S

Why do we have Cat Converter – The Victim

• In the late 1960s and early 1970s, 

cities like Los Angeles were 

experiencing severe smog problems 

caused largely by car exhaust. 

• The main pollutants coming out of 

tailpipes were:

• Carbon monoxide (CO) – poisonous 

gas 

• Unburned hydrocarbons (HC) –

contribute to smog and ozone

• Nitrogen oxides (NOx) – also major 

contributors to smog and acid rain

• The U.S. Clean Air Act of 1970 required 

drastic reductions in these emissions. The 

most practical way to achieve that on a 

gasoline engine was to add a catalytic 

converter to the exhaust system
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Gases – The Suspects

Nitrogen (N2) - a non-flammable, colorless, and odorless gas. Makes up for 

78% of the air we breathe 

Oxygen (O2) is a colorless, odorless, and tasteless gas. Makes up for 21% 

of the air we breathe 

Hydrocarbons (HC) are unburnt fuel components that occur in the 

exhaust emissions after incomplete combustion. 

Carbon monoxide (CO) - results from the incomplete combustion of 

combustibles containing carbon. It is colorless, odorless, explosive, and 

highly toxic.
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D.A.D.S

Gases – The Suspects

Nitrogen oxides (NOX) are produced by high pressure, high temperature, 

and a surplus of oxygen in the engine during the combustion cycle.  

Carbon dioxide (CO2) is a colorless, non-flammable gas. It is produced by 

the combustion of fuel containing carbon (e.g., petrol, diesel). Carbon 

combines with oxygen induced into the engine. 

Water (H2O) is partly induced by the engine (atmospheric humidity) or 

occurs during low-temperature combustion (warm-up period). Water is a 

harmless exhaust gas component.
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What Goes In-Must Come Out

HC

CO2

NOX

CO2

H2O

N2

• Reduction part → gets rid of NOx (rhodium)

• Oxidation part → gets rid of CO and HC (platinum/palladium)

• Oxygen-storage part → keeps everything working perfectly (cerium)

D.A.D.S

What Goes In-Must Come Out

NOX are reduced to form CO2 

and N2

HC are oxidized to form CO2 and H20

CO is oxidized

to form CO2
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Monolith

• Catalytic converters contain a honeycomb 

structure called a monolith

• The monolith contains a washcoat that has 

platinum, palladium, cerium, rhodium, 

and other materials

• The washcoat enlarges the affected area 

that it applied to but a factor of 10k

• These metals are the actual catalysts —

they make reactions happen much faster 

without being consumed

D.A.D.S

Sintering

Sintering is the irreversible loss of active surface area of the precious-metal 

catalyst particles (Pt, Pd, Rh) and the wash coat support (mainly alumina and 

ceria-zirconia) caused by prolonged exposure to high temperatures.

• At normal operating temperatures (~800–1200 °F) the tiny catalyst 

nanoparticles (1–10 nm) are stable.

• Above ~1500°F, the metal atoms become mobile and start migrating.

• Small particles merge into larger ones or clump together.

• Severely sintered catalyst: dull, larger shiny metal 

• beads or clumps visible even without magnification;

washcoat looks glassy or collapsed
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Stoichiometric

A catalytic converter can only convert all 3 gases at 

the same time when the engine runs at or extremely 

close to the stoichiometric air-fuel ratio 

When the mixture is lean (>14.7:1) 

• plenty of extra O₂

• but there is no CO/HC left to reduce NOₓ

When the mixture is rich (<14.7:1) 

• plenty of CO and HC - NOₓ is reduced beautifully

• almost no O₂ left → CO and HC conversion 

collapses.

Only right at stoichiometric (or within ±0.1 AFR, 

lambda 0.99–1.01) do all three gases have exactly 

what they need at the same time.

D.A.D.S

Stoichiometric

Fuel Trims Drive the oxygen sensor signal rich and lean by 

switching back and forth.
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Light Off

A catalytic converter, when at proper operating temperatures, has a 100% 

conversion rate

• HC and CO emissions are high when the engine is cold

• Fuel condenses when cold and leaves unburned HC on the cylinder and intake 

manifold walls

• This rise in pollutants can not be cleaned up when the converter is cold

This light-off time can be sped up through different processes:

• Exhaust design

• Ignition timing

• Camshaft timing

• Secondary air injection

• High speed idle

• Homogeneous split injection

D.A.D.S

Light Off

To minimize light-off time of the primary catalytic converter is 

mounted as close to the engine as possible along with other strategies

To get the vehicle in to closed loop status the catalytic converter needs to be up to 

operating temp as quickly as possible
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SULEV 2.0L TFSI Engine

Courtesy Of Volkswagen

D.A.D.S

Cold Start Emission Strategy – Toyota Dual Fuel Injection

On a cold start, the system will start and run on direct injection only. This is done 

for cold start emissions to help light off the catalytic converter faster.

• For the first 30 seconds of engine run time, the ignition timing is retarded to -

15 degrees. Retarded ignition timing reduces the efficiency of the combustion 

chamber, at the same time raising combustion gas temperature. This results in 

hotter exhaust entering the catalytic converter and reduces the time for it to 

light off.

• The other strategy is by injecting fuel closer to the top dead center 

compression. This late injection time increases exhaust gas temperature. This 

results in hotter exhaust entering the catalytic converter and reduces the time 

for it to light off. Toyota will inject fuel via the direct-injection system 200 

degrees before top dead center compression, and after 30 seconds, move it 

further away to 270 degrees.
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Cold start after setting 5 hours – catalyst heat mode

Ignition 

timing 

retards to 

-15 deg

In the first 30 seconds, the ignition timing is retarded to -15 degrees, then 

moves to 8 degrees.

D.A.D.S

Cold engine start - Toyota

The first 90 seconds on a cold start show being run in direct injection



9/30/2026

12

D.A.D.S

Cold engine start - Toyota

The first 30 seconds direct-injection timing is about 200 

degrees and then changes to 270

200 deg

270 deg

D.A.D.S

Cold engine start – General Motors

GDI 

Injector 

fires 70°

BTDC

GDI 

Injector 

fires 250°

BTDC

Red is cylinder 1 ignition, green and blue are cylinder 1 GDI 

injector
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Cold engine start – Ford F-150 

59℉

0 RPM

50℉

60℉

60℉

70℉

1300 RPM

-21°

50℉

600℉

600℉

D.A.D.S

Catalyst Break-In
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Catalyst Break-In

Courtesy of Eastern Catalytic

D.A.D.S

Catalyst Break-In

Courtesy of Eastern Catalytic
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Catalyst Break-In

D.A.D.S

Switch/Index Ratio

In order to determine catalyst oxygen storage, the monitor counts front and rear 

HO2S switches during closed-loop fuel conditions after the engine is warmed up 

and inferred catalyst temperature is within limits

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 the front HO2S to compute a catalyst index ratio. 

• An index ratio near 0.0 indicates high oxygen storage capacity

• A switch ratio near 1.0 indicates low oxygen storage capacity

• If the actual index ratio exceeds the threshold index ratio, the catalyst is 

considered failed. 
Courtesy of Ford
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Toyota

Courtesy of Toyota

D.A.D.S

Switch/Index Ratio - Graphing Data - Good

B1S1

B1S2

B2S1

B2S2



9/30/2026

17

D.A.D.S

Switch/Index Ratio – Graphing Data

The Front and rear oxygen sensors mimic each other

B1S1

B2S2

B1S2

B2S1

D.A.D.S

Rear O2 Operation

1.5 volts
.775 voltsB1S2
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Rear O2 Operation – Heater Circuit

D.A.D.S

Switch/Index Ratio - Escan

Bad Good
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Switch/Index Ratio - Escan

Both banks are bad

D.A.D.S

Switch/Index Ratio - Escan

Both banks good
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Switch/Index Ratio – Escan – Air/Fuel Sensor

D.A.D.S

Switch/Index Ratio – Escan – Air/Fuel Sensor
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Integrated Air/Fuel Method 

The Integrated Air/Fuel Catalyst Monitor assesses the oxygen storage capacity of a 

catalyst after a fuel cut event.

• The monitor integrates how much excess fuel is needed to drive the monitored 

catalyst to a rich condition starting from an oxygen-saturated, lean condition.

• The monitor is a measure of how much fuel is required to force catalyst 

breakthrough from lean to rich. 

• To accomplish this, the monitor runs during fuel reactivation following 

a Decel Fuel Shut Off (DFSO) event.

D.A.D.S

Integrated Air/Fuel Method 

Bad

Good

Very little fuel is needed to bring the rear o2 from lean to rich 

Substantial amount of fuel is needed to bring the rear o2 from lean to 

rich 
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2010 Toyota Corola

D.A.D.S

2010 Toyota Corola

450mv
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The Gap

The internal combustion engine is a pump. On DeCell Fuel, Shut off the control 

module, which shuts off the injectors, and large amounts of air are pumped into 

the exhaust.  The catalytic converter will store as much of this oxygen as it can.

• The “ Gap” that I'm referring to is the time the front O2 goes full lean to when 

the rear O2 goes full lean

• The better the oxygen storage 

- the longer the gap will be

• The worst oxygen storage

- the shorter the gap will be

D.A.D.S

The Gap Known Good

There is a delay from when the front air/fuel senor goes full 

lean and the rear o2 goes full lean
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The Gap - Bad

All 4 sensor go lean at the exact same time

D.A.D.S

On-Board Monitoring Test Results for Non-Continuously Monitored Systems"

Term Meaning

TID Test ID:

what is being tested

CID Component ID:

which sensor or bank

Test Value:

The actual measured number

Min:

Minimum limit to pass

Max:

Maximum limit to pass

Raw test values and pass/fail results for many of the Non-Continuous 

emissions-related monitors that the ECU runs in the background.
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Monitors

To use mode 6 data, the monitors should be run and completed

D.A.D.S

Monitors

Catalyst Monitor is set, but Oxygen Sensors are not?
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If the catalyst monitor conditions are met, the catalyst monitor may run and 

complete after all  the upstream HO2S functional tests are complete and the EVAP 

system is functional, with no stored DTCs

• However, the catalyst monitor may run and complete before 

the downstream HO2S deceleration fuel shut-off test is 

complete. In this case, the catalyst monitor readiness flag 

may indicate complete before the O2S I/M readiness flag 

indicates complete.

• If the catalyst monitor does not complete during a 

particular driving cycle, the already accumulated 

switch/signal data is retained in the KAM and is used 

during the next driving cycle to allow the catalyst 

monitor a better opportunity to complete

D.A.D.S

Fuel Shut off Rich to Lean Response Rate
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Catalyst Monitor Operation – Ford Example

Why does 

the monitor 

not run?

Always check for pending DTC’s

D.A.D.S

Mode 9 - In-Use Performance Tracking

In-Use Performance Tracking:

• It provides counters for emissions-related monitors

How In-Use Performance Tracking Works:

• The ECU tracks two main values for each supported monitor:

• Numerator/Completion - Counts how many times the monitor has completed a 

diagnostic test (ran fully and checked for faults under suitable conditions)

• Denominator/Condition - Counts how many times the vehicle has met the 

general driving conditions required for that monitor to run (based on a 

standardized drive cycle), potentially.
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Mode 9 - In-Use Performance Tracking

The In-Use Performance Ratio is calculated 

as Numerator / Denominator. This ratio 

indicates how frequently the monitor runs 

in real-world driving compared to 

regulatory expectations

1840/1625=1.13

A low ratio might explain why readiness monitors aren't completing after repairs, 

or DTC clears

D.A.D.S

O.E.M. Information
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O.E.M. Information

D.A.D.S

O.E.M. Information
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O.E.M. Information

D.A.D.S

On-Board Monitoring Test Results for Non-Continuously Monitored Systems
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Ford FDRS – Mode 6 – Brand New F150 

D.A.D.S

Mode 6 - Good
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D.A.D.S

Kia Factory Scan Tool – Mode 6

Courtesy Of Smitty's Maintenance and Repair

D.A.D.S

Mode 6 - Misfire
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Aftermarket Tunes

Aftermarket Tuning software can Disable Monitors and DTC’s

D.A.D.S

Integrated Air/Fuel Method – Mode 6 - Ford
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Integrated Air/Fuel Method – Mode 6 - Ford

D.A.D.S

Integrated Air/Fuel Method – General Motors
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Kia – Hyundai Mode 6 Data

D.A.D.S

• As the catalyst ages, air/fuel fluctuations begin to break through the catalyst and 

the “GAP” length will tend to decrease. 

• Eventually, the length of the “GAP” signal becomes too short to identify a failure 

for the catalyst monitor. 

• When an HO2S sensor ages, its response to air/fuel fluctuations slows down.

• A slowdown stream HO2S, therefore, may cause the catalyst monitor to 

incorrectly pass a failed catalyst. 

• The purpose of the Rear DFSO Response diagnostic is to ensure the catalyst 

monitor has a valid HO2S to perform the catalyst monitor diagnostic.

• The monitor is set to trigger at the level of degradation that will cause the 

catalyst monitor to falsely pass a malfunction threshold catalyst. 
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Fuel Shut off Rich to Lean Response Rate

D.A.D.S

Melting Or Damaged

Courtesy of Ford
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What Is Needed For Complete Combustion

Air Fuel Spark Compression

Propper Combustion

D.A.D.S

Possible Causes For Catalyst Below Threshold
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Possible Causes For Catalyst Below Threshold

D.A.D.S

How Does It Work with a High Current Clamp?

The test leverages the fact that during 

cranking:

• The starter motor draws more 

current when a cylinder has good 

compression (as the motor works 

harder against the rising piston)

• less current with lower compression. 

• A high amp clamp measures this 

starter current draw, which can be 

displayed as waveform peaks on a 

lab scope.
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Mechanical Testing – Relative Compression testing

D.A.D.S

Running Compression Test

A cylinder power balance test is a diagnostic procedure used on internal

combustion engines to evaluate the relative power output of each cylinder. In a 

healthy engine, all cylinders should contribute equally to the engine's total power. 

This test compares the engine's RPM drop when each cylinder is temporarily 

disabled. A normal cylinder will cause a noticeable RPM drop (typically 50-100 

RPM at idle), while a weak one will cause little or no drop.
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Snap Throttle Vacuum Test

Idle

Snap 

Throttle

Recovers 

into a deeper 

vacuum

D.A.D.S

Checking Fuel Trims

W.O.T

Idle
Always check fuel trims at all RPM’s
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What Good V.E. and Good Fuel Trims Should Look Like

D.A.D.S

Low V.E. And Positive Fuel Trims From Bottom To Top
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Good V.E and Positive Fuel Trims At Wide Open Throttle 

20

D.A.D.S

Good V.E and Positive Fuel Trim Correction at Idle

21
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Good V.E and Negative Fuel Trim Correction at Idle

-27

D.A.D.S

Back Pressure Test
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New Way To look At Back Pressure

13% load

2020 RPM

5.42 G/S

5.83 G/S

98% load

3571 RPM

75.84 G/S

79.83 G/S

What goes in should come out

At 98% load the Mass Airflow read a little under what the exhaust 

rate reading is

D.A.D.S

Fuel Pressure K.O.E.O
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Fuel Pressure Running Test

D.A.D.S

Fuel Pressure Desired VS. Actual
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Fuel Injector Flow Testing

D.A.D.S

Fuel Injector Flow Test With A Scope

All cylinders have the same amount of fuel drop across all injector 

events
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Fuel Injector Flow Test With A Scope

Red injector #4 and Yellow is the fuel rail Pressure sensor

Cylinder 8 shows very low fuel drop across the injection event

D.A.D.S

Fuel Trim Resets

Do not forget to RESET Fuel Trim / Adaptive Fuel before giving the vehicle back to 

the customer. Clearing DTCs will not reset fuel trims. If not done could be harmful 

to the catalytic converter.
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Often Overlooked

D.A.D.S

Technical Service Bulletins
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GM 16 – NA-111

D.A.D.S

Ford - TSB 22-2260
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Ford - TSB 22-2260

D.A.D.S

Ford - TSB 22-2260
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Ford Recall

D.A.D.S

2018 Ford F-150
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2018 Ford F-150

B2 cat shows a failure with a test value of .668, which is .008 more than the max of .660

D.A.D.S

2018 Ford F-150

Bank 1

Bank2

B1S2

Lambda B1S1

O2S11 ma

B2S2

Lambda B2S1

O2S21 ma



9/30/2026

53

D.A.D.S

2018 Ford F-150 – After Reflash

D.A.D.S

2018 Ford F-150 – After Reflash

Max value  have been changed on B1 from .691 -.820 and B2 has been changed 

from .668 -.750
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2006  Mini Cooper

Year: 2006

Make: Mini

Model: Cooper

Engine 1.6L 

Concern: 

Check engine light is on

D.A.D.S

2006  Mini Cooper
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2006  Mini Cooper

B1S2

B1S2 stay lean but moves up and follows T.P.S.

D.A.D.S

2006  Mini Cooper
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D.A.D.S

2006  Mini Cooper

D.A.D.S

2006  Mini Cooper
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Air Testing For Exhaust Leaks

• Oxygen sensor sense oxygen

• If there's a leak in front of or around the 

oxygen sensors is can lean out the reading

• If the sensor does not read properly the 

engine computer could think that the cat is 

not storing oxygen

D.A.D.S

2015 Hyundai Accent

Year: 2015

Make: Hyundai

Model: Accent

Engine 1.5L

Concern: 

• Check engine light is on for P0420

• Car has a hard time accelerating

• Catalytic converter replaced

A year ago, with after market
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D.A.D.S

2015 Hyundai Accent

Black BlackBlack White

D.A.D.S
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D.A.D.S

Year: 2011

Make: Kia

Model: Sorento

Engine 2.4L

Concern: 

Check engine light goes

On and off.

D.A.D.S
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D.A.D.S

D.A.D.S
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D.A.D.S

2014 BMW 2 Series

Year: 2014

Make: BMW

Model: 2 Series

Engine 3.0L

Concern: 

Customer just bought and

the check engine light is on

D.A.D.S

2014 BMW 2 Series
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2014 BMW 2 Series

D.A.D.S

2014 BMW 2 Series
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2003 Chevy Trailblazer

Year: 2003

Make: Chevrolet

Model: Trailblazer

Engine 4.2L

Concern: 

check engine light is 

on

D.A.D.S

2003 Chevy Trailblazer
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Data

B1S1

B1S2

D.A.D.S

Bad Cat
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2007 Subaru Tribeca

Year: 2006

Make: Subaru

Model: Tribeca

Engine 3.0L

Concern: 

check engine light is on

D.A.D.S

2007 Subaru Tribeca

B1S1

B2S1

B1S2

B2S2

Both rear 02 sensors mimic the front Air/fuel sensors
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2007 Subaru Tribeca

No P0430 ?

D.A.D.S

2009 Volvo XC90

Year: 2009

Make: Volvo

Model: XC90

Concern: The check engine light is on and 

has been at the dealer several times.

• Dealership replaced the converter

• both oxygen sensors

• replaced all gaskets

• Light comes back on within 60 miles
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2009 Volvo XC90 – Mode 6

D.A.D.S

2009 Volvo XC90 – Mode 6

Mode 6 shows that B1 Catalyst monitor has failed and is past the 

maximum limit
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D.A.D.S

2009 Volvo XC90

D.A.D.S

2009 Volvo XC90
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D.A.D.S

2009 Volvo XC90 - O.E.M. Confusion

D.A.D.S

2004 Ford F-150

Year: 2004

Make: Ford

Model:F-150

Engine: 5.4L

Concern: 

No Power and 

misfires
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D.A.D.S

2004 Ford F-150

D.A.D.S

2004 Ford F-150

Fuel injectors from B1 are firing in order 2,4,1 and 3
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D.A.D.S

2004 Ford F-150

Fuel Injectors fire and stay in order but double strike

D.A.D.S

2004 Ford F-150
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2004 Ford F-150

D.A.D.S

IAT Test

IAT Temp Test is a go to test to see if the motor is drawing in fresh air.

Set up:

Hood Open – lets all the hot air out of the engine bay

PID’s Selection – IAT, RPM, Engine Run Time

Raise the RPM to 2000

Results:

• IAT temp should drop if the motor is capable 

of drawing in fresh air 

• IF Temp goes up there maybe a in-haling

or ex-haling issue in the engine
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Known Good Vehicle

IAT Temp Drops

RPM Raised and steady

D.A.D.S

2004 Ford F-150
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2004 Ford F-150

D.A.D.S

2004 Ford F-150
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2004 Ford F-150

D.A.D.S

2004 Ford F-150
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2004 Ford F-150

D.A.D.S

2004 Ford F-150
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Year: 2011

Make: Toyota

Model: Camry

Engine: 2.4L Hybrid

Concern: 

No power on acceleration

D.A.D.S

Low V.E. And No Fuel Trim Correction
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2011 Kia Sorento

Year: 2011

Make: Kia

Model: Sorento

Engine: 2.4L

Concern: 

• Check engine light is on

• Has no power

• Won't accelerate



9/30/2026

79

D.A.D.S

D.A.D.S

2011 Kia Sorento
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2011 Kia Sorento

D.A.D.S

2011 Kia Sorento

W.O.T Snap
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2011 Kia Sorento

30 P.S.I.

of Back 

pressure

D.A.D.S

2016 Nissan Versa

Year: 2016

Make: Nissan

Model: Versa

Engine 1.6L

Concern: 

• Vehicle has no power

• Boyfriend replaced spark plugs

• No check engine light on
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2016 Nissan Versa

No DTC’s and all the monitors 

are set

D.A.D.S

Relative Compression Test
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Horsepower Test

D.A.D.S

Fuel Trims

Fuel is -27% at idle and -11 at W.O.T.
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Volumetric Efficiency 

D.A.D.S

Fuel Efficiency
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W.O.T. Data

91.37%

-10.16

4126

98.04

0.91

70.59

D.A.D.S

Clogged Cat
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1

Questions

Thank You

Email: 

joshweaver2448@gmail.com


