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• National Trainer, ASE World Class, Master: Auto, Truck, School Bus, L1, L3, CNG and…

•ATTP Master Instructor, New York State, CT and New Jersey 

• STS (Service Technician Society) 2003 President 

• TST (Technicians Service Training) Founder and President 

•Author / Co Author/ Technical adviser on 25 plus books including         

OBD II and Mode 6, and Understanding and Diagnosing Hybrid Vehicles 

• Published articles for multiple newsletters, and magazines 

• Picked as one of the Top Instructors in the country by EPA & SAE 

• Numerous Radio, TV, Internet, and SAE Video appearances 

• PTEN, MotorAge and TST Webcast Instructor

•Motor Magazine Top 20 award winner 

• Provider of OBD II Training for 14 states, Ontario Canada and the US EPA 

• Guest speaker at SAE Congress, IM Solutions and Clean Air Conference

"G" Jerry Truglia

Your Instructor For This Seminar
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What Will Be Covered:

PCM Control

Sensors 

Fuel Trim 

Fuel Trim Reset

Case Study

© A.T.T.S. Inc. - 2020

PCM Control

The heart of the fuel injection 

system is the computer or 

powertrain control module 

(PCM). 

The PCM receives signals from 

all of  the system’s sensors, 

processes them and transmits 

programmed electrical pulses 

to  the fuel injectors.  
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Fuel Control

Think of a vehicle computer 

(PCM) system as the human 

body. A sensor (a sensor such 

as the HO2S) is like your 

finger tips touching 

something hot, sending the  

signal to your brain (the 

PCM) then sending the signal 

to your arm muscles (an 

actuator like injectors) to 

pull away.

Sense, Compare and Adjust
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Sensors

CKP (Crankshaft Sensor)

This sensor monitors 

engine speed and piston 

position, which send an 

electrical signal to the 

PCM to control ignition, 

ignition timing & other 

functions. 
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Sensors

CMP (Camshaft Sensor)

is the primary input used by 

the PCM for fuel injection 

timing. An engine may start 

with this signal missing but 

sequential injection fuel 

delivery will be disabled. On 

some engines this sensor may 

cause a no start condition. 
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Sensors

ECT (Engine Coolant Temperature) 

sensor this sensor, located on the 

water outlet housing, detects engine  

coolant temperature and transmits   

a signal to the PCM. The analog DC 

voltage input to the PCM is 

influential in determining cold start 

up injector control base pulse width, 

cold ignition control programming, 

cold idle RPM adjustment, and Open 

Loop to Closed Loop timer 

expiration setting.  
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Sensors

IAT (Intake Air Temperature) 

sensor functions like other 

temperature sensors and is used 

primarily to adjust ignition 

timing advance to prevent 

knocking when intake air is 

extremely hot. This input also 

has secondary functions of 

influencing fuel injection pulse 

width, transmission shifting, 

cooling fan control, and fuel 

pressure control.   
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Sensors

Other NTC (Negative 

Temperature Coefficient) 

Sensors BTS (Battery 

Temperature Sensor) and TOT 

(Transmission Temperature 

Sensor) are tested the same way 

ECT and IAT sensor are tested.  

They all test high voltage and 

resistance cold and low when 

they are hot.
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Sensors

HO2S (Heated Oxygen Sensor)

can respond to a sudden change in fuel 

delivery. The PCM responds to  O2 sensor                                                       

extremes with a modulated correction that 

brings the corrected fuel command delivery 

into the stochiometric air fuel ratio window

Of rich lean operation for peak converter                                    

efficiency. The front (upstream before the

converter) HO2S is mainly used for fuel 

control (fuel delivery – more or less fuel to

Be delivered) while the rear HO2S is used for 

catalytic converter efficiency and at times for

some fuel control.  
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Sensors

The Air Fuel Ratio (AFR) sensor, also known as the AF (Air 

Fuel) or WR (Wide Range) sensor – WRAF (Wide Range Air 

Fuel) sensor. The AF sensor's ability to indicate the exact 

air/fuel ratio and accurately measure extremely rich and lean 

mixtures, make it very desirable. The term Wide Range comes 

from the sensor's ability to generate a signal that identifies 

air/fuel ratios from 10:1 (rich) all the way to lean mixtures 

consisting of pure air. 
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Sensors

KS (Knock Sensor) consists 

of a piezoelectric element 

attached to the cylinder block 

to detect engine knocking 

conditions. Knocking in the 

cylinder block is converted to 

an AC varying voltage signal 

which is sent to the PCM and 

used for timing adjustment.   

© A.T.T.S. Inc. - 2020

Sensors

MAF (Mass Airflow Sensor) is 

usually mounted in the intake 

air flow path with an air duct 

between the sensor and the engine. 

This sensor measures the mass 

flow (normally at least 1 gram per                                                             

liter) rate of intake air and sends 

an electrical (analog or digital) 

signal to the PCM. On some

sensors the control circuit’s 

electrical output corresponds 

to the amount of heat dissipated from a hot wire that is located 

on the sensor. On the film type (no exposed wire) the 

calculation is done without an exposed wire.

GM 8 wire MAF built in humidity with a sensor.
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Sensors
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Sensors

VSS (Vehicle Speed Sensor) is 

an AC or DC voltage depending 

on the sensor installed. This 

sensor informs the PCM of the 

rate of acceleration and how 

fast the vehicle is moving. VSS 

is a major input to the TCM 

(Transmission Controller 

Computer).
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Sensors

TP – TPS (Throttle Position                                                                

Sensor) is a potentiometer that                                                                

indicates accelerator pedal 

movement. While a TS (Throttle                                                       

Switch) detects the opening and 

closing of the throttle and sends                                                                 

that voltage signal to the PCM. 

The PCM uses the TP/TPS or                                                                     

TS input to determine base idle                                                                

position. The signal is uses for                                                                           

fuel delivery, transmission shift                                                      

control and possibly other systems 

commands depending on the 

manufacturers requirements.
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The Accelerator Pedal Position Sensor (APP)  

is a drive by wire system that has replaced a 

mechanical connection from the gas pedal to 

the throttle plate. The sensor outputs a 

redundant signal at different voltage levels.

APP 1 Sensor 0.98 off to 4.25 Full Throttle

APP2 Sensor 0.49 off to 2.14 Full Throttle Example on GM…                                                        

* See Manufacturer Specifications

Sensors
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Fuel Trim and Vehicle Diagnostics

Fuel System information is sent to the PCM and stored in memory as Short Term 

Fuel Trim (STFT) and Long Term Fuel Trim (LTFT) values. STFT is like GM 

Integrator and LTFT is like Block Learn from back

in the day.

In plain English, fuel trim is how much commands 

the injectors fuel the PCM to fire.  If the engine                                                                           

has a LEAN condition the PCM issues a RICH 

command. To the contrary, if the engine has a RICH

condition the PCM issues a LEAN command. This 

PCM dance is fuel trim.
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Zero is perfect fuel trim. Fuel trim that is

positive means that the PCM is adding fuel

and fuel trim that is negative means that the

PCM is negating fuel.

Fuel trim more/less than +10/-10 (I use +6/-6

when I diagnosis a problem vehicle) indicates

there is a problem somewhere. More/less than

+15/-15 (depending on the vehicle) will set a

system lean/rich code.

Fuel Trim and Vehicle Diagnostics
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O2 Sensor Fuel Control

Fuel Injector (more pulse width = RICH, less = LEAN)

HO2S Sensor (HIGH voltage/ up RICH,                        

LOW = LEAN condition)
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Understanding STFT

STFT is fuel trim in the short term. The PCM constantly moves it up and down, 

trying to make it as close to zero as possible, equaling the optimal air/fuel mixture.  

Every time you restart the vehicle, you restart the STFT reading.

Fuel Trim and Vehicle Diagnostics
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Understanding LTFT

LTFT is the average of STFT in the long term.  So, if you have STFTs that tend to 

range between +5 to +15, expect your LTFT to be about +10.  While STFT changes 

rapidly, it takes time for LTFT to move upwards or downwards, because it takes a 

lot of STFT readings to alter the cumulative fuel trim average that is LTFT.

Fuel Trim and Vehicle Diagnostics
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STFT and LTFT Working Together

Here’s how STFT and LTFT work together: STFT makes constant adjustments in 

closed loop to keep the air/fuel ratio perfect (a stoichiometric number of 14.7 parts 

air to 1 part fuel). Decreasing oxygen sensor voltage causes an increase in STFT. 

While increasing oxygen sensor voltage causes a decrease in STFT. 

Fuel Trim and Vehicle Diagnostics
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STFT and LTFT Working Together CONTINUED

But let’s say that the engine starts running lean due to a weak fuel pump. The

condition worsens as the fuel pump delivers less and less fuel. To compensate, STFT

adds more and more fuel by holding the injectors open longer and longer. As our

chart shows, the trend steadily worsens and the LTFT increases.

Fuel Trim and Vehicle Diagnostics

© A.T.T.S. Inc. - 2020

STFT and LTFT Working Together CONTINUED

Both STFT and LTFT can compensate for a rich or lean condition, but only so far. 

When they have gone as far as they can, they run out of steam at a point called their 

"Adaptive Limit." When the PCM determines that both are "pegged" out at their 

limits, and a severe air/fuel imbalance still exists, it will store a DTC.

Fuel Trim and Vehicle Diagnostics
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Fuel Trim and Vehicle Diagnostics
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Fuel Trim Cheat Sheet
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Snap On Fuel Trim Cell

Fuel Trim Cell Number – What does it mean?
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Autel Fuel Trim Cell

Fuel Trim Cell Number – What does it mean?
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ATS Escan Fuel Trim Data - Good
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ATS Escan Fuel Trim Data – Problem

31

32



17

© A.T.T.S. Inc. - 2020

Most mapping 

systems use a 

total of 16 cells 

that includes 0 to 

15 cells. While 

some others will 

use a few more 

cells for decal 

(fuel cut off), 

power 

enrichment, and 

EVAP purge to 

name a few.  

Fuel Trim & Fuel Cell
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Fuel Trim & Fuel Cell

The LTFT uses cells to "cover" the VE table. The current cell in use is called the 

Fuel Trim Cell. There are 16 basic fuel cells (0 – 15) and others at different loads. 
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Fuel Trim - Fuel Cell – Fuel Mapping
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Fuel Trim & Fuel Cell

Fuel Trim Normal – NO PROBLEM
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Fuel Trim & Fuel Cell

Fuel Trim High– Problem is___________
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Fuel Trim & Fuel Cell

Fuel Trim High Top – Problem is___________
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Fuel Trim & Fuel Cell

Fuel Trim High Bottom to Top – Problem is___________
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Fuel Trim & Fuel Cell

Fuel Trim Cells at Idle 0 to 6
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Fuel Trim & Fuel Cell

Fuel Trim Cells 10 to 16
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Do not forget to reset Fuel Trim / 

Adaptive Fuel before sending the 

vehicle out the door, when doing a 

fuel trim related repair, such as a 

clogged fuel filter or defective fuel 

pump. If not, the engine may not 

idle correctly or properly perform. 

Fuel Trim Tip And Tricks
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Causes For a Lean Fuel System

• Vacuum leaks 

•  Clogged fuel filter

• Worn fuel pump

•  Clogged fuel injectors

•  HO2S AF/WR problem 

•  Wrong PCM command

•  Mechanical problems
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Causes For a Rich Fuel System

•  High fuel pressure 

•  Leaking injectors

•  EVAP problem

•  HO2S AF/WR problem

•  MAF problem

•  Wrong PCM command

•  Mechanical problem
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Ford Expedition 5.4L with Lean Codes

So, we had a Ford Explorer with a P0171 Lean Bank # 1 and a P0174 Lean Bank # 2

code. We started with our most important tools: Brain, Ears, Eyes, Nose, and

Hands—the tools God gave us.

We did no fancy diagnostics. Our eyes caught sight of the EGR vacuum supply line

rubber elbow. This line connects to the intake manifold that is located in the back of

the intake manifold, just below the IAC motor.

Fuel Trim Case Studies
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Fuel Trim Case Studies

The hose becomes soft and full of holes due to internal oil contamination and high

engine compartment temperatures. Replacing the EGR vacuum supply line rubber

elbow did the trick.

Another common fix for these Fords running lean is an intake manifold gasket.
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Webcast

TSTseminars.org

Check out our YouTube channel…type in tstseminars in the search box

TST Big Event    

Saturday    

March 27, 2021

Tarrytown NY

Free     

Android Tablet

TST Big Event    

Saturday    

March 27, 2021

Tarrytown NY

Free     

Android Tablet
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Interested In More Training?

p. 845 628-1062

f.  845 628-9109

e. gt@attstraining.com

w. ATTStraining.com

Thank You !
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