AT 261 - Chapter 20 (B) A-Tech Trainer Boards - IAT and ECT - Electronic Engine Control Systems. (Part 1)

Name: _________________________________________________

Date: _______________________________________________________
TEMPERATURE SENSORS

One of the most common sensing devices found in automotive applications is the temperature sensor.

Temperature sensor circuits are used in electronic systems to monitor the temperature of various components, fluids, and even the air. Engine Coolant Temperature (ECT), Intake Air Temperature (IAT), and Transmission Fluid Temperature (TFT) are all examples of this type of system. The circuit operation is basically the same for all three systems.

The circuit consists of a control module, temperature sensor, wiring and connectors. The control module contains a voltage regulator, current limiting resistor and a signal processing area that acts like a voltmeter.

The voltage regulator supplies a constant voltage level to the circuit. The control module interprets any voltage fluctuations a sensor change. The supply voltage must be regulated for the system to function properly.

The current limiting resistor is a fixed resistor that protects the circuit from an amperage overload. The resistor limits the amount of current flow if a short-to-ground condition exists between the control module and the temperature sensor.

The voltmeter portion of the control module measures the voltage level at point M. This voltage level depends on the resistance value of the temperature sensor.

The temperature sensor is a variable resistor in which the resistance values change as the temperature of the monitored medium changes. This type of sensor increases in resistance as the temperature decreases, and decreases as temperature increases. This sensor is called a thermistor.

The temperature sensor circuit is a type of voltage divider circuit.  In this circuit a limiting resistor is in series with a variable resistor. This configuration creates a voltage drop across the thermistor that is directly proportional to the thermistor’s percentage of the total circuit resistance.
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During normal operation, as the temperature being sensed increases, the resistance of the temperature sensor decreases and the voltage level M decreases. The reverse is true, as the sensed temperature decreases, temperature sensor resistance increases and voltage at point M increases. The control module uses the voltage value of M as an input to determine what type of changes should be made in the system. This circuit produces an analog voltage signal ranging from zero to five volts.

NORMAL OPERATION:  Resistance Measurement - The Thermistor on the board. It is labeled Rt.

How many terminals does the thermistor have? ________________

( The thermistor is presently at room temperature (ambient). Measure the resistance of the thermistor.

What resistance do you measure at ambient? ______________________________

( With the Ohmmeter still connected, slowly warm up the thermistor with your finger.

What happens to the resistance of the thermistor as it is heated? __________________________________

( Now allow the thermistor to cool.

What happens to the resistance of the thermistor as it cools? ___________________________________

Therefore as temperature ____________, resistance ___________________, and as temperature

___________________, resistance __________________

The operation of this thermistor is similar to the ones used in the automobile. Most thermistors operate in this way.  This is known as a negative coefficient thermistor.
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Voltage Measurements build the circuit shown above. 

A circuit breaker is included in the circuit to prevent possible damage to the components.

( Measure the voltage at the input to Voltage Regulator.

What is the input voltage? __________________________

( Measure the voltage at the output of the Voltage Regulator.

What is the output voltage? ________________________

The electronic control system in an automobile operates at 5 Volts. The job of the voltage regulator is to provide a CONSTANT (Stable) 5 volts that does not fluctuate. The regulator also provides a 5 Volt REFERENCE VOLTAGE to many of the sensors in the automobile, including the thermistor.

( Measure the thermistor voltage at point M in the circuit.

The voltmeter symbol indicates the point where the computer “MONITORS” the thermistor signal.

What is the thermistor voltage at ambient temperature?_________________________________

( Heat up the thermistor and measure the voltage again.

What happens to the thermistor voltage as the thermistor is heated? _____________________________

What happens to the voltage as the device cools down? ____________________________

Complete the following statement:

As temperature __________________, the thermistor voltage ____________________, and as temperature

____________________, this voltage ___________________________.

Does the thermistor produce an ANALOG signal (varying BETWEEN 0 and 5 volts) or a

DIGITAL signal (switched, 0 OR 5 volts)?

_____________________________________________________________________________________

ABNORMAL OPERATION:

These exercises introduce faults into the circuit in order to observe the change in normal operation and to identify the fault.

Open Ground:

( Monitor the voltage at point M in the circuit.

What voltage do you measure at ambient? _____________________________

( REMOVE the ground to the thermistor at point 1.

What voltage do you measure at point M? _________________________________

( REPLACE the ground at point 1.

Open Signal:

( REMOVE the signal wire at point 2, in the circuit.

What voltage do you measure at point M? _____________________________

( REPLACE the signal at point 2.

Short Signal:

( SHORT point 2 to ground with an additional wire.

What voltage do you measure at point M? ________________________________

REMOVE the short at point 2.

( Complete the following table to summarize your results:

Fault Voltage at M

Open Ground ____________________

Open Signal ____________________

Short Signal __________________

During normal operation, the thermistor voltage should be between approximately 0.5 and 4.5 volts. Signals out of this range indicate a fault.

During abnormal circuit conditions, such as an open or short, the circuit control cannot provide an accurate representation of the temperature that it is designed to sense. Any resistance value that exceeds the circuit design will affect the voltage level at point M, giving the control module inaccurate input. An open between the control module and the sensor ground will result in a five-volt reading at point M. A short-to-ground

between the control module and the sensor will result in a near zero voltage level at point M. A higher than normal voltage level will be at point M when there is too much resistance between the control module and the ground for the sensor.  The input of the circuit will not represent the temperature being sensed when there is an abnormal circuit condition.

This lab was partially constructed using text, and graphics from the following source;
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QUESTIONS FROM YOUR BOOK - Page 339.

Where is the IAT often installed - and how can it be damaged? 

___________________________________________________________________________________________________

 ___________________________________________________________________________________________________

What happens when the air is cold?

___________________________________________________________________________________________________

What happens when it is hot?

___________________________________________________________________________________________________

Explain what happens to spark timing when the temperature changes - 

___________________________________________________________________________________________________

___________________________________________________________________________________________________

Diagnosing Codes from a Scan Tool 

Tools you will need:

Mitchell's on Demand

(  Using Mitchell's on Demand Look up a 1999 Acura 3.5 RL.

(  Go to engine performance.

(  Go to the section "Testing and Diagnostics”

(  Go to the sub-section "Self Diagnostics”

(  Go to the sub-section "Diagnostic Tests ” Table

(  Go down to the sub-title of “DTC P0112"

(  What sensor is related to this code? ________________________

(  What is the full title of this code? ___DTC P0112 - _____________________________________________
(  At step 1, if air intake temperature is 302 deg F or more, what step do you jump to? __________________

(  If at step 1 the air temp is less than 302 deg F, what step do you move to? _____________________

(  If at step 2 you currently have a reading from the sensor, what does this mean, and what other items could be at fault? _________________________________________________________________________________

(  What does step 3 have you do to the sensor? _____________________________

(  At step 3, if the sensor shows 302 deg F or more, what do you do next? _____________________________

(  At step 3, if the sensor shows less than 302 deg F, what do you do next? _____________________________

(  At step 4, if there is a short in the Red/Yellow wire, what must you do? ______________________

(  At step 4, if there is a NO short in the Red/Yellow wire, what must you do? 

_____________________________________________________________________________________________

Using an OBD II Scan Tool, Codes and Sensors - Intermittent Faults, and Continuous Codes

Tools you will need:

2009 Ford Focus, 2011 Ford Fusion
( Turn the vehicle to the "ON" position (DO NOT START THE VEHICLE!)

Using Mitchell’s on Demand - Locate the CHT  for the vehicle you are working on:

Wire colors - CHT _______________________________________________

Is there a chart, or graph you can use to chart the temperature/volts/ohms relationship of the CHT for this vehicle?

If so - chart it below.

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


Using a DVOM - Backprobe and measure the voltage / resistance of your CHT.  Use the 
Does it match with your chart?  _________________________________________________
(  Verify the operation of the check engine lamp (MIL), it should come on when the vehicle is turned on, then it should go back out after a few seconds.  If it does NOT go out - Get Mr. Reed
Note:  A MIL that is on indicates that the PCM has detected a fault, and has either a stored trouble code, or a current problem.  A MIL that does NOT come on when the vehicle is first turned "on" is a sign of a blown bulb, or someone has tampered with the MIL.

(  Locate the DLC (Data Link Connector)

Note:  OBDII - Stand for On Board Diagnostics II.  OBD II was started in 1996 as a federal law that created a standard connector for vehicle diagnostics as well as terms, and communications protocols for scan tools and diagnostic equipment.  The law states that the connector must be under the dash, within 300 mm (about 1 foot) off of the centerline of the steering wheel.

(  Connect the scan tool to the DLC

(  On the scan tool, select "Scan Diagnostics" then “Global OBD I”I from the scan tool.

(  Press "OK" at the "All system readiness tests may not be supported"

Note:  Datastream "shows" what the "processor sees" to the tech.  It is in "real time".

A> Setting Codes, and Gathering Clues
(  What is the reading for the CHT sensor _________________________ Deg F (Norm.)

(  Disconnect the CHT sensor

( Now, what is the reading with the CHT sensor disconnected _________________________ Deg F (Disc.)

(  Using a jumper wire, short the two pins of the CHT harness together.
(  Now, what is the reading for the CHT sensor _________________________ Deg F (Short)

(  Reconnect the CHT sensor

(  Look at the following on the scan tool.  Record the following information.

MIL ______________________________

DTCs ______________________________

(  Is the check engine lamp on? ___________________________

Note:  The check engine lamp should be on now.  This is because you "played" with the sensors and the PCM saw a problem.   MIL should be "On", and there should be at least 1 DTC in the PCMs memory.  This represents an intermittent fault.

(  Press Exit TWICE on the scan tool.  This will take you back to the previous menu.

Facts - are IAT and CHT working?  Since IAT and CHT are the same type sensor - they should show about the same voltage value on a COLD engine.  In other words if the car sat out all night and CHT shows 200 and IAT shows 30 you would quickly tell that CHT is wrong.  Likewise if IAT shows 90 and its only 40 out a cold CHT should show that IAT is wrong.

B> Reading Codes
Now that we caused some DTCs - Let's Go read them!

(  Select "Diagnostic Trouble Codes" then "Read Codes"

What is the code(s) present in the PCMs memory?  _____________________________________

What is the generic explanation of the code(s). _____________________________________________________________________________________________

_____________________________________________________________________________________________

(  Press Exit ONCE on the scan tool.  This will take you back to the previous menu.

C> Clearing Codes

(  Select "Clear Codes"

Clear the Codes.

Did the check engine lamp go out? __________________________

(  Turn off the vehicle.  Wait 10 Seconds

Note: The 10 seconds allows the vehicle PCM to reset.  Failing to wait 10 seconds may cause the codes not to clear!

(  Disconnect the scan tool, and reboot the scan tool.

(  Turn on the ignition key.

D> Verify Repair
(  Did the MIL come on and then go out? __________________________

(  Start the vehicle

(  How does it run?  ______________________________

(  Is the MIL on?  ____________________________________

PART 2 -

Continuous Code or Fault

A> Setting The Code

(  Disconnect the CHT sensor.

(  Turn on the ignition key.

(  Did the MIL come on and then go out? __________________________

(  Start and RUN the vehicle for at least 2 min..

(  How does it run?

(  Is the MIL on?

(  Turn the vehicle OFF.   Wait 10 seconds.

(  Turn the vehicle ON.   DO NOT START THE VEHICLE!

Note:  The check engine lamp should be on now.  This is because you "played" with the sensors and the PCM saw a problem.   MIL should be "On", and there should be at least 1 DTC in the PCMs memory.  This represents a continuous fault.

B> Reading The Code
(  Hook up the scan tool, and access the OBDII menu.

(  Select "Read Codes"

What is the code(s) present in the PCMs memory?  _____________________________________

What is the generic explanation of the code(s). _____________________________________________________________________________________________

_____________________________________________________________________________________________

(  Press Exit ONCE on the scan tool.  This will take you back to the previous menu.

Note:  If desired you can also look back at the data stream and "see" what the PCM "sees" is happening with the MAP sensor.  It is very useful to look at sensors once a code has occurred.  It is KEY TO WRITE DOWN READ CODES!  THESE ARE CLUES!  SOME IDIOTS JUST CLEAR THEM!  IT’S LIKE CLEANING UP THE CRIME SCENE!

C> Clearing The Code
(  Select "Clear Codes"

Clear the Codes.

Did the check engine lamp go out? __________________________

(  Turn the vehicle OFF.   Wait 10 seconds.

D> Setting The Code (again)
(  Turn on the ignition key.

(  Did the MIL come on and then go out? __________________________

(  Start the vehicle

(  How does it run?  ______________________________________

(  Is the MIL on?  ____________________________________

E> Reading The Code (again)
(  Hook up the scan tool, and access the OBDII menu.

(  Select "Read Codes"

What is the code(s) present in the PCMs memory?  _____________________________________

What is the generic explanation of the code(s). _____________________________________________________________________________________________

_____________________________________________________________________________________________

(  Press Exit ONCE on the scan tool.  This will take you back to the previous menu.

Note:  "Erasing Codes" does NOT fix the problem!  You "get the code" - "fix the car" - and then "verify your repair"

F> Clearing The Code (for real - and fixing the problem)
(  Reconnect the CHT sensor.
(  Select "Clear Codes"

Clear the Codes.

Did the check engine lamp go out? __________________________

(  Turn the vehicle OFF.   Wait 10 seconds.

G> Verify Repair
(  Turn on the ignition key.

(  Did the MIL come on and then go out? __________________________

(  Start the vehicle

(  How does it run?  ______________________________

(  Is the MIL on?  ____________________________________

Note:  the MIL should be off since you "fixed" the vehicle by reconnecting the TP sensor.  Verifying the repair is a critical step in the repair process

Which of the following represents a typical sensor reference voltage?

A.  
2 volts

B.  
5 volts

C.  
12 volts

D.  
Charging system voltage

A code that is a "hard fault"

A.  
Is a memory code

B.  
Is "bad right now"

C.  
Is not critical

D.  
All of the above

When diagnosing DTCs

A.  
Should be fixed in any order

B.  
Fix the "First code First"

C.  
Fix the "Last Code First"

D.  
All of the above

OBD II -

A.  
Created standardized data link connectors

B.  
Created standardized data link communications protocols

C.  
Was made federal law in 1996

D.  
All of the above

Once you fix the problem, do all EXCEPT

A.  
Go on road test

B.  
Make sure no new codes or repeat codes show up on the road test

C.  
Park the car - you don't need to test it - you're Super Tech!

D.  
Keep track of all past codes

The check engine lamp is on - Do all EXCEPT

A.  
Get the codes - write them down - Clear them - Re run self-test(s)

B.  
Do a visual inspection of all fuel, air, and ignition components

C.  
Check for loose vacuum lines, or intake leaks

D.  
Get codes and clear them - Park the vehicle - Its Fixed.
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