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"Computers Strategies & Diagnostics"

Presents
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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 13 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 Class
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ATTS Training Program For Dorman Training Has Won The Training 

Award For The Best Training Program

© A.T.T.S. Inc. 2001 - 2022

What Will Be Covered

"Computers Strategies & Diagnostics"

This class/seminar utilizes real-world examples and strategies for effective diagnosis

and repairs. Subjects covered are: "Game Plan", computer controls, sensors,

actuators, Monitors, Mode 6 & 0A/10, case studies and so much more.
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Information on Alldata, AutoData, 

Identifix, Pro Demand / Mitchell,

MotoLogic, Diag.net, iATN, or 

even Google and YouTube

can be very helpful 

identifying if the vehicle

you are working on needs

a reflash or has a silver

bullet problem. 

Remember, when looking

at a silver bullet solution 

always check and test the 

components and the system 

before replacing anything.

The Game Plan
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Before we go to deep, let’s get the caveats out of the way. When it comes to 

diagnosing engine performance, DTCs or driveability problems use a 

Generic/Global scan tool to expedite your diagnosis. 

A Generic/Global OBD II scan tool allows us to view information quickly while 

allowing access to, Pending DTCs, Monitors, Mode 6, Mode 0A/10 and Freeze 

Frame to name a few. You won’t get all that information in the enhanced side of 

your scan tool, so start with the Generic/Global side first and if you need more data 

PIDs or bi-directional control switch to the Enhanced side. 

Also, Generic/Global PIDs are the same on every vehicle, whether it’s a GM, Toyota  

BMW or any other vehicle. The data PIDs are all the same and easier to understand. 

Understanding The Diagnostic Process
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Get Factory Scan Tool Capabilities With J2534 And LSID / VSP
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The Number 1 Tool Used For Driveability and DTC Problems
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WE’RE NOT WORKING ON THESE ANYMORE

BUT YOU MAYBE 

WORKING ON 

ONE OF THESES 
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Computer Systems - Sense, Compare And Adjust
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Computer Systems - How to Verify PCM Control
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Computer’s need memory in order to do everything from remembering the radio 

presets to complicated timing calculations. Memory comes in three flavors: ROM, 

RAM, and KAM

ROM, RAM, & KAM
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Computers speak in 1s & 0s.  I don’t know that language and 

neither do you!  If we want to talk directly to one computer or

listen in on conversations between several interconnected 

computers in the same vehicle, we need an interpreter to convert 

all those 1s & 0s into words and messages we can understand.

To give you a visual idea of what the computer speak looks 

like, we have to the right a screen shot of a PICO labscope

waveform capture.

How Computers "Think"
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The Scan Tool as Interpreter

Our dialog with the vehicle computer begins when 

We use the scan tool to enter a request for data. We 

may ask for information about fault codes, or about 

the current state of engine sensors. The computer

responds to our request and sends back a string of 

coded voltage pulses representing data. The scan 

tool converts data from the vehicle computer into 

words and measurements and displays them on the 

scan tool display screen. 

The scan tool is the middleman - the interpreter - in our communication with 

the computer.

How Computers "Think"
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Analog 

Sensors

A/D 

Converters

Digital Signal    

Generators

Computer Signals
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Checking Computer Inputs & Outputs
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OBD II DTCs
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Freeze Frame
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What You Need to Know About Monitors
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What You Need to Know About Monitors

Different 

Kinds

of 

Monitors
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Top six causes of Incomplete (NOT READY) Monitors:

1. Incorrect engine coolant/antifreeze mixture

2. Defective engine thermostat

3. Crankshaft relearn needs to be completed 

4. Vehicle fuel level below 15% and above 85 % * (check specs)  

5. DTCs or Pending DTC's stored

6. Incorrect battery and charging voltage 

Tough To Run Monitors
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Looking At Monitors
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What You Need to Know About Monitors
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Looking At Monitors
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Looking At Toyota Monitors

Courtesy of Toyota Motor Company USA
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Tough Monitors Case Studies: 2004 Ford F150 5.4L
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Tough Monitors Case Studies: 2004 Ford F150 5.4L
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Why Is Generic - Global Slow?

Picking PIDs
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Generic / Global OBD II Scan Data
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Don’t Get Fooled Again… Use 

Generic / Global OBD II First
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DTCs & Pending DTCs
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Scan Tool Pending DTC And DTC
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Modes Of OBD II
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Mode 6
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Mode 5 & Mode 6 HO2s Sensor And Converter Test

Mode 5 is not available on all vehicles but when it is you should view the data. The 

results can be helpful in deciding on a P0420 DTC. When Mode 5 is not available 

Mode 6 should be used to view O2 sensor test. Note: When Mode 6 does not have O2 

sensor test look for info in Mode 5.
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Mode 6
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Mode 6
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Mode 6 Factory Enhanced Scan Data
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Coolant  
Warmup Rate 
(per second) Symptom Possible Cause 

Near 0°F 
Water is not moving through the engine 
and cannot transfer heat away from the 
engine’s metal components. 

 Missing water pump drive belt 

 Voltage drop or open circuit on an 
electric water pump 

 Faulty or broken water pump 

Slow 
<0.2°F 

Cold (or cooler) coolant from the radiator 
is able to move into the engine, thus 
slowing the warmup rate. 

 Thermostat not sealing properly 

 Thermostat leaking 

Fast 
0.5°F to 0.7°F 

Engine heats too quickly.  System doesn’t have enough coolant 

Warmup rate 
correct but 

temperature 
keeps climbing 

Engine overheats. 

 Thermostat open: Check for 
temperature drop at ~175°F. If 
temperature drops, thermostat is 
open.  

 Thermostat closed: Check for 
temperature drop; if no drop is 
apparent, the thermostat is stuck 
closed.  

NOTE: If the coolant temperature is below 30°F on start, the coolant warmup rate will be higher due to the large 

difference in temperatures. For proper test results, the cooling system must have no air in the system, and the 
coolant mixture must be at the proper 50/50 mixture rate. If the system has air or if the mixture is incorrect, the rate 
of coolant temperature rise will be affected. 

Time To Temperature
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Cooling System Diagnosis BAD
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Cooling System Diagnosis Good
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Generic / Global OBD II Scan Data
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Generic / Global OBD II Scan Data
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TIME OUT - CASE STUDY
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Looking at Freeze Frame data can be the key to repairing the DTCs. Performing a 

complete scan of all systems and checking Pending DTCs, Mode 6 data, Monitors 

and other data can lead to an affective repair.

Looking at our case study scan data carefully led to a proper repair.

2002 Chevy Silverado 5.3L V8 DTCs

47

© A.T.T.S. Inc. 2001 - 2022

2002 Chevy Silverado DTCs P0300 & Pending DTCs

Where do you start your diagnosis?
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2002 Chevy Silverado with a 5.3L V8 came in with one DTC, P0300 

Random/Multiple Cylinder Misfire along with three Pending DTCs, P0106 Manifold 

Absolute Pressure, P0171 System Too Lean Bank 1 and P0174 System Too Lean 

Bank 2. Now where do you start to diagnosis and repair this vehicle? Many would say 

you don’t have to worry about Pending DTCs, so start with the P0300 because it’s a 

hard DTC. Well, that would be absolutely wrong because the Pending DTCs 

provides great insight on why the P0300 was set. Your "Game Plan" should always 

be to look at all PID data, Monitor status, Freeze Frame, Mode 6, Mode 9 and 

Pending DTCs. In this case the Pending DTCs are leading us to the source of the 

problem, the MAP sensor and the two lean DTCs P0171 and P0174. 

2002 Chevy Silverado DTCs P0300 & Pending DTCs
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2002 Chevy Silverado Fuel Trim No Load

Take a look at the fuel trim numbers, what do you think is the

problem? We covered this earlier in this class.
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Freeze Frame is KEY

2002 Chevy Silverado DTCs P0300 & Pending DTCs
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Using that information along with the P0300 Freeze Frame data pinpoints the 

problem. The STFT (Short Term Fuel Trim) is requesting 35% while the LTFT (Long 

Term Fuel Trim) is requesting 25% on both banks. This information along with the 

Freeze Data informs us that the engine was at 50 degrees F with a MAP reading of 15 

inches @ 815 rpms. The MAP reading should be somewhere in the neighborhood of

18 inches of vacuum rather than 14 inches. When the reading of vacuum is this low 

the MAP sensor voltage will be higher than the normal 1.2 volts or so at idle which 

the PCM will interpret as a command for more fuel delivery. 

2002 Chevy Silverado DTCs P0300 & Pending DTCs
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BARO - MAP

29  - 14  (approx.)        =       15 in of vacuum

So what’s the problem?

2002 Chevy Silverado DTCs P0300 & Pending DTCs
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Looking at the scan data the PCM is doing its job and commanding a large amount 

of fuel delivery to compensate for a lean condition. With the Freeze Frame data 

providing us with the temperature information of 50 F it’s a good idea to smoke the 

engine when it’s cold to locate the source of the problem. On this vehicle the intake 

manifold gaskets needed to be replaced in order to get this engine back in fuel 

control. 

Note: Many times, smoke will note be visible due to hydrocarbons that are in the 

intake manifold. In chemistry two likes will attract and the one with more volume 

will consume the other. In other words, the smoke is a HC base that will be absorbed 

in the manifold by the fuel vapors making it difficult to find the leaking area. A good 

suggestion is to use CO2 along with CO2 leak detector and the special ATS form. The 

tool is called BULLSEYE, that can be used for EVAP, AC systems, crankcase leaks, 

tires or anything that holds something. 

2002 Chevy Silverado DTCs P0300 & Pending DTCs
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2002 Chevy Silverado FT After First Repair

Good Readings
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If you would have chased the P0300 you would have gone in circles. Do you now 

understand why you need to use a Generic scan tool for an illuminated MIL and 

driveability issues? In enhanced mode (GM, Toyota, VW etc…) you would have 

overlooked the Freeze Frame data and Pending DTCs. Always use a systematic 

approach when diagnosing a problem vehicle. The "Game Plan" we mention in the 

first part of this case study should be followed for a successful diagnosis. 

The moral of this case study is not to just jump on the DTC but to take advantage of 

what OBD II information has to offer and use that information to solve the problem. 

If this vehicle had a CAN (controller area network) system I would have suggested 

looking at Mode 6 data for test results on cylinder misfires.

2002 Chevy Silverado 5.3L V8 DTCs
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KAM Reset
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Scan Tool Data Stream
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Graphing PIDs
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Recording A Movie
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Enhanced Scan Data Substituted Values

To identify PCM limp - in mode values, compare calculated values in datastream 

(degrees of temperature, inches or mercury, etc.) to actual sensor voltages.

That’s why Chrysler has sensor test mode.

Substituted values: 

This scan tool display indicates an open MAP                                                            

sensor circuit with a fixed voltage of 4.8 volts, 

even though the MAP calculated pressure reading                                                                    

is fluctuating.
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Factory Enhanced Scan Data
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Basics First

63
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Basics First

Supporting Cast

The Battery is ALWAYS the 

FIRST thing to check. From 

supplying the amps that start 

the engine to providing 

power to the alternator, 

computer, lights and other 

electrical devices. 
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Battery Coding And Programming
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Supporting Cast

The Alternator must provide 

enough electrical power to 

operate all the vehicle 

electrical loads. Its job does 

not end there as it must 

supply enough energy to 

charge the battery.

Basics First
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Basics First - EScan Relative Compression

67

© A.T.T.S. Inc. 2001 - 2022

Sensors do two things: they generate a voltage 

signal, or they modify a voltage they receive 

from the computer. Voltage levels represent 

different vehicle operating conditions. 

Sensors
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The most important sensors:

1. Engine Speed (rpm)

2. Temperature of engine coolant, intake air 

and battery in some cases

3. Engine load - MAP or MAF sensor

4. Throttle Position/Accelerator Pedal Position

5. Oxygen Sensor/Air Fuel Sensor

Sensors
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The engine speed sensor is the 

single most important signal 

input. Without engine speed 

information, the computer 

doesn't know how often to fire 

the spark plugs or squirt the 

fuel injectors. The engine will 

not run.

Crank =  ?

Cam =  ?

Engine Speed Sensor
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Bad Good

Engine Speed Sensors
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Cam/Crank Relearn
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Resets & Relearns
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Temperature sensors and 

sensor circuits can fail 

electrically. When they do, they 

usually store a trouble code in 

the computer and turn on the 

dashboard warning light. 

Temperature Sensors - ECT
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Temperature Sensors - IAT
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There are two ways to determine available oxygen: 

• Measure the volume or mass of the air as it enters  

the engine. This process is used in Air Flow fuel 

control systems. 

• Measure the air pressure inside the intake 

manifold and calculate the amount of oxygen 

available, based on engine size, speed, efficiency, 

and the temperature of the air in the manifold.               

This method is used in Speed/Density fuel control 

systems. 

Engine Load And Air Flow Sensors
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Sensors

Manifold Absolute Pressure Sensor - MAP

• Measure's engine manifold vacuum

• Produces an analog DC voltage or digital

• Hertz signal indicating engine load

• Input used for line pressure control (replaces TV   

cable or vacuum modulator)
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Checking A MAP Sensor

Why connect the meter like this?
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Mass Air Flow (MAF) sensors automatically compensate for changes in air density 

that affect intake air oxygen content. 

Mass Air Flow Sensors
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Mass Air Flow Sensors & Volumetric Efficiency Problems
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Mass Air Flow Sensors & Volumetric Efficiency
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Mass Air Flow Sensors & Volumetric Efficiency
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Throttle Position Sensor - TPS

• Measures throttle lever position

• Produces an analog DC voltage indicating engine load

• Input used for line pressure control for the transmission                              

(replaces throttle cable or vacuum modulator)

Throttle Position Sensor

84

83

84



43

© A.T.T.S. Inc. 2001 - 2022

Checking An TPS Sensor
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Checking An APPS Sensor

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
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Electric Throttle Control
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The HO2S measures the amount of oxygen in the exhaust that is used in the 

combustion process. Less oxygen in the exhaust results in a signal voltage over 

450mv (RICH CONDITION), more oxygen in the exhaust results in a signal voltage 

under 450mv (LEAN CONDITION). 

HO2S Oxygen Sensor 
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2014 Chevy Impala 3.6L O2 Sensor
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2014 Chevy Impala 3.6L O2 Sensor
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• AF sensors operate at 1200 degrees F,  

compared to 600 - 700 degrees F for 

traditional thimble style zirconium 

sensors. 

• AF sensors look a lot like traditional  

sensors, and may have 4, 5, or even 6  

wire harnesses.

Air Fuel / Wide Range
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• Generic / Global scan tools may not display the true voltage.

• OBD II standards requiring O2 sensor PID voltage to be displayed    

in a range between zero and 1 volt. 

• Instead, what you'll see is a percentage of true voltage. To display  

the actual PCM PID voltage, you'll need a scan tool with  

enhanced/factory software.    

Air Fuel / Wide Range

It's pretty tough to accurately display voltage levels that start at 3.3 volts using a     

0 - 1 volt scale. Some scan tools may display a Toyota 3.3 voltage at approximately 

0.685 volts.
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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.  

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). 

KS & VSS Sensors
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Ford EVAP Test
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Toyota EVAP
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TIME OUT - CASE STUDY
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2013 GMC Sierra 2500 6.0L Flex Fuel 159K 

Check Engine light and Driveability problem. Our diagnosis first uncovered the 

following DTCs, P0101 Mass Air Performance, P0171, P0174 Bank 1 and 2 Lean 

Condition, P0172, P0715 Bank 1 and 2 Rich Condition. Even after clearing the codes 

the PID data displayed Bank 1 STFT -14% and LTFT 32% and Bank 2 STFT -13% 

and LTFT 30% so you can see where the lean and rich codes were coming from. 

So where do we go with our diagnosis?
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2013 GMC Sierra 2500 6.0L Flex Fuel 159K 
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2013 GMC Sierra 2500 6.0L Flex Fuel 159K 
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2013 GMC Sierra 2500 6.0L Flex Fuel 159K 
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2013 GMC Sierra 2500 6.0L Flex Fuel 159K 
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2013 GMC Sierra 2500 6.0L Flex Fuel 159K 

VE (volumetric efficiency) test using the EScan to confirmed the P0101 DTC. The 

test was performed on the road and failed miserably. The recommendation was a 

new MAF sensor since the old one could not be cleaned and was so far out of 

specification. The results it PASSED!
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2013 GMC Sierra 2500 6.0L Flex Fuel 159K 
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2013 GMC Sierra 2500 6.0L Flex Fuel 159K 
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2013 GMC Sierra 2500 6.0L Flex Fuel 159K 
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2013 GMC Sierra 2500 6.0L Flex Fuel 159K 

After Fuel Trim Alcohol Reset
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Current Ramp the Fuel 

Pump, it can minimize 

teardown, reduce 

diagnostic time, and 

improve profits.

Actuators
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The Fuel Injector

The modern fuel injector 

is a solenoid - operated 

fuel metering valve.

Actuators

108

107

108



55

© A.T.T.S. Inc. 2001 - 2022

Actuators Different Fuel Injector Types
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Coil-on-Plug ignitions have one coil per 

plug. The coil is connected directly to the 

plug, eliminating the secondary ignition 

cable entirely. Each coil is individually 

triggered by the main powertrain computer.

The coil power transistor may be integral or 

located inside the PCM or in a separate 

ignition module.

Actuators
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Exhaust Linear EGR valves 

are operated by a small 

electrical stepper motor that 

drives the EGR pintle open 

and closed on command from 

the PCM. The valve also 

contains a position sensor that 

signals a change in pintle 

position as the valve operates. 

Zero Count =  ?????

Actuators

EGR
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P0171 / P0174 (Lean Codes)

Vacuum leaks at the shaft

Variable Intake Runner Control 

Actuators
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On command from the computer, a 

small IAC motor drives the control 

pintle in and out. The pintle can be 

positioned to block the passageway 

and stop all bypass air, or to open it 

wide, allowing maximum bypass air. 

This is not simply and on - off valve, 

however. 

Actuators

Idle Air Control IAC
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Actuators
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Use CAUTION when replacing  PCMs, they 

just don’t happen to burn out. The sensitive 

circuits inside the PCM are easily damaged 

by actuators that have shorted out. Use 

proper diagnostic procedures to test all 

solenoids before replacing a PCM.

Damage to PCMs are commonly caused by 

shorted solenoids.

Low Resistance  =                             

High Amperage

Output Controls
Most Expensive Fuse
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Testing Current With Power Probe & Amp Clamp

Source ProDemand

The wire harness is 

DISCONNECTED 

from the Computer
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Before every applying any power or ground to a solenoid you need to perform the

following:

1. Turn the power off - Key or Button OFF

2. Disconnect the connector plug from actuator.

3. Turn the power on and check what side of the

connector has 12 volts and ground.

4. Apply power and ground to the correct

terminal ends of the actuator to activate it

(actuator plug wire disconnected).

Indexing

117

© A.T.T.S. Inc. 2001 - 2022

Sensor Simulators - Resistance Decade & Capacitance Decade Boxes
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Identifying Problem Modules On A 

Network Using The Chrysler Scan Tool
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Programming
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GDI GM Fuel Trim Cell

Fuel Trim Cell Number - What does it mean?
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Fuel Trim & Fuel Cell

Fuel Trim Normal – NO PROBLEM
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Factory Enhanced Scan Data
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Factory Enhanced Scan Data
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Factory Enhanced Scan Data
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Factory Enhanced Scan Data
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Factory Enhanced Scan Data

128

127

128



65

© A.T.T.S. Inc. 2001 - 2022

Factory Enhanced Scan Data
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Factory Enhanced Scan Data
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Factory Enhanced Scan Data

131

© A.T.T.S. Inc. 2001 - 2022

Factory Enhanced Scan Data
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TIME OUT - CASE STUDY
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2006 Honda Pilot 3.5L P0175 Too Rich Negative Fuel Trim
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2006 Honda Pilot 3.5L P0175 Too Rich Negative Fuel Trim
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2006 Honda Pilot 3.5L P0175 Too Rich Negative Fuel Trim
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MAP – BARO

11   - 29 = 18    

inches of   

vacuum

2006 Honda Pilot 3.5L P0175 Too Rich Negative Fuel Trim
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2006 Honda Pilot 3.5L P0175 Too Rich Negative Fuel Trim
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2006 Honda Pilot 3.5L P0175 Too Rich Negative Fuel Trim
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2006 Honda Pilot 3.5L P0175 Too Rich Negative Fuel Trim

140

What was the problem?
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TIME OUT - CASE STUDY
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2007 Ram 3500 No Start

This Ram 3500 was towed in from an independent shop that was not able to start the 

engine. It cranked but would not start so they towed it to the Ram dealer. The vehicle 

was checkout by a few of the dealer's top techs. After checking it out for over a 

month the dealer told the shop that the following computers had to be replaced; 

SKIM, overhead and PCM. The dealer had charged them for a new key and WCM 

(Wireless Control Module) and programming. The independent shop had to pay an 

$890.00 invoice for a vehicle that would still not start. The shop asked around and 

came up with my name as the guy who can fix it.

When I received the vehicle, I checked it out and found that the dealer left 

everything apart. I first connected my aftermarket scan tool only to come up short 

handed, so I connected the Chrysler WiTech2 factory scan tool. 
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2007 Ram 3500 No Start

With the WiTech2 scan tool I was able to see all the problems.  I reprogrammed the 

VIN to the WCM and learned all 3 keys that I was given for this Ram. My next step 

was to send the seed code to the PCM so it could accept all the keys registered in the 

WCM. After trying it a few times without any luck I called two different tech support 

companies. Each company spent hours as I did without getting the vehicle to start. 

They both came up with the same conclusion that the SKIM, overhead and PCM had 

to be replaced. After thinking about how the system works, I thought that I would 

regroup and go through the complete process again. The results were still the same, 

so I thought what do I have to lose by reprogramming the PCM even though I was 

told not to do that by both tech support services. I decided to reprogram the PCM 

and see what happens. BINGO…it all worked, the engine started right up and all 3 

keys, two used and one new one, were all registered and all started the engine. The 

moral is sometimes you have to think out of the box.
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2007 Ram 3500 No Start
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2007 Ram 3500 No Start
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2007 Ram 3500 No Start
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Webcast

TSTseminars.org

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

TST Big Event    

Saturday 

March 18th 2023

TST Big Event    

Saturday 

March 18th 2023
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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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