AT 261 – Lab 10b - Return Based - Fuel Systems – Injectors, Pumps, Pressure Regulators, Filters, and Lines
Name: _________________________________________
Group: _____________________

Date: __________________________________________

How Electronic Fuel Injection (EFI) Works;

The fuel delivery system consists of the fuel tank, fuel pump, fuel filter, fuel injector, pressure regulator, and a fuel return line.

Fuel is delivered from the tank to the injectors by means of an electric fuel pump that is controlled by a relay.  The fuel pump relay is controlled by the Powertrain Control Module (PCM/ECM/ECU).

Fuel pressure is maintained at a constant pressure by means of a fuel pressure regulator.  Any fuel, which is not delivered into the injectors, is sent back to the fuel tank through the fuel return line.

The PCM is in direct control of the fuel injectors.  While the fuel pressure regulator is controlled by air pressure in the air intake.  The amount of fuel that passes through the injectors is controlled by the PCM by controlling the “on/off” timing of the injector.  This timing is known as “Pulse Width”.

Fuel Control and Adjustments
The PCM reads data from various sensors measuring temperatures (ECT/IAT), throttle angle (TPS), air pressures (MAP/BP/MAF), and mixture ratio (HO2S).  The PCM determines precisely how much fuel is needed at any given time.

Air enters the engine through the air intake system and is measured either by atmospheric pressure (MAP/BP), or by its mass and volume (MAF).  As the air flows into the cylinder it is mixed with fuel from the injector.

Each fuel injector is arranged behind the intake valve of each cylinder.  The fuel injector is a solenoid, and is controlled by the PCM.

The PCM pulses the injectors on or off by turning each injectors ground circuit on or off (The PCM acts as a ground side switch).

When the injector is turned on it opens spraying atomized fuel at the backside of the intake valve.

As fuel is sprayed into the intake air stream it mixes with the incoming air pressures and vaporizes due to low pressures on the intake valve in the intake manifold.  The PCM signals the injectors to deliver just enough fuel to achieve an ideal air/fuel ratio of 14.7:1.

Advantages of EFI
Uniform Air/Fuel Mixture Distribution – Each cylinder has its own injector, which delivers the fuel directly to the intake valve.  This eliminates the need for fuel to travel through the entire intake manifold (like a carburetor/TBI system), improving cylinder distribution.

Highly Accurate Air/Fuel Control Throughout All Engine Operating Conditions – EFI supplies a constantly accurate air/fuel mixture to the engine no matter what operating conditions are encountered.  This provides better driveability, fuel economy and emissions.

Superior Throttle Response and Power - By delivering the fuel directly to the backside of the intake valve, the intake manifold design can be optimized to improve air velocity at the intake valve.  This improves torque and throttle response.

Simpler Mechanics – The EFI system does not rely on any major mechanical adjustments for cold starting or fuel metering.  Because the system is mechanically simple (very few moving parts) maintenance requirements are reduced.

Excellent Fuel Economy  with Improved Emissions Control – Cold engine and wide-open throttle (WOT) enrichment and be reduced with EFI.  Fuel does not “puddle” in the intake runners since fuel is delivered directly to the intake valve.

Improved Cold Engine Startability and Operation – The combination of better fuel atomization and injection directly at the intake valve improves the ability to start and run a cold engine.

(Continued Onto the Next Page..)

Injector Testing, Pressure Regulator Testing, and Pump Testing.

Tools needed;

Fuel pressure test kit, Noid lights, DVOM, Tool board, and Fused Jumper wires

Look in Mitchell's under section for Specifications or Basic Testings
You will need – Fuel Pressure Testing, Fuel Pressure Data, Injector Testing (ohms)
Make ________________  Model ________________ Year ________________ Engine Size and Type ______

( Perform a complete visual inspection on your fuel system.

( Do you see any problems? _______________________________________________________

Step 1 – Testing Fuel Pressure and Regulator Operation

( Install a fuel pressure test gauge to your vehicle, if needed bleed down the fuel pressure in order to install the fuel pressure test gauge.

( Turn the ignition key to the on position DO NOT start the vehicle.

( What happened to the fuel pressure?  ___________________

(This is the prime pulse that pressurizes the fuel system for a start procedure, if you do not see prime pulse chances are the fuel system is inoperative.

( What is the specified fuel pressure KOER (key on, engine running) for your vehicle? ________________ PSI

( Start the engine, allow the engine to idle, and monitor the fuel pressure.

( Is the fuel pressure within spec? (Yes/No) ______________________, Fuel Pressure Is - ________________ PSI

(If fuel pressure were low, this would indicate a weak pump, a clogged filter, or a restricted pressure line.  If fuel pressure is high this would indicate a restriction in the return line back to the fuel pump.

( With the engine still running, momentarily disconnect the vacuum line to the fuel pressure regulator.  

( If raw fuel comes out of the fuel pressure regulator, this would indicate a bad diaphragm in the regulator, this unburned fuel would then get pulled into the intake and cause a rich running condition.  Black smoke, fuel-diluted oil, and low fuel economy would be the result of this condition.

( With the vacuum line disconnected, what is your reading now? _____________________ PSI

( Reconnect the fuel pressure regulator vacuum line and now rev the engine to about 2000 RPM several times in a row.  

( What happens to your fuel pressure reading? _______________
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( Momentary perform a WOT - monitor the fuel pressure as you reach WOT. 

( What happens to the fuel pressure at WOT?   ___________________ PSI

Thus we can conclude that when engine vacuum is high (idle, decel) fuel pressure is low, and when engine vacuum is low (WOT, accelerate), fuel pressure is high.  This is done to overcome the pressure change in the intake manifold, to keep the fuel supply constant during all engine-operating conditions.  

NOTE: If fuel pressure does not change it would indicate a bad vacuum line (disconnected or clogged) to the pressure regulator, or a defective regulator.  If fuel pressure is low at all times, this would cause a lack of power at WOT and higher RPMs, while a high fuel pressure reading would cause a slightly over rich mixture and poor fuel economy.

(Continued Onto the Next Page..)

Step 2 – Testing For Alcohol In Fuel, And Pump Check Valve Operation

( Turn off the vehicle and record the fuel pressure  ________________ PSI

( Wait 5 minutes, DO NOT cycle the key or start the vehicle!

( What happens to the fuel pressure (Does it go up or down) ?  _________________

( After the five (5) minutes, What is your fuel pressure reading _________________ PSI

(If fuel pressure goes up over 10-15 psi on a hot engine there is a good chance there is excessive alcohol in the fuel.  This can be caused by adding "dry gas" or other fuel additives that can cause hard starting and poor performance.  

If fuel pressure drops down to 10-0 psi or near zero slowly, this indicates a bad check valve in the fuel pump.  The check valve, along with the prime pulse aids in the engine starting with full fuel pressure.  The check valve also maintains fuel pressure in the fuel rail to prevent vapor lock conditions.   If fuel pressure drops, a long-crank/hard start condition will be present.

If fuel pressure drops down to 10-0 psi or near zero quickly, this indicates a stuck open injector.
Step 3 - Dead Head Pressure.

( Restart the vehicle and record the fuel pressure  ________________ PSI

( Pinch off the return line with the pinching pliers (DO NOT PINCH OFF THE RETURN LINE FOR MORE THAN 10 SECONDS!)

( What happens to the fuel pressure (Does it go up or down) ?  _________________

( What is the dead head pressure? _________________ PSI

( Is this pumps output adequate?  (Yes/No)_________________ 

(  If fuel pressure goes up to 2X idle pressure, everything is good. (35psi – should go to or above 70psi)

If not pump is weak, or damaged

Step 4 - Testing for Injector Power/Ground, Resistance, and Operation

( Restart your vehicle and allow it to idle.

( Disconnect a fuel injector.  Is the fuel pressure effected dramatically (Yes/No)?  _________________________

( What is the resistance (ohms) specification for a fuel injector on your vehicle: __________ Ohms

( Check all the injector harness for proper voltage using a “noid light” (Power/Ground), a DVOM (Ohms) , Screwdriver (Click)

REMEMBER!  THE INJECTOR MUST BE DISCONNECTED FROM THE HARNESS TO READ OHMS!

Light (Ok/Not OK)

Ohms

“Click” (Ok/Not Ok)

Injector 1:
_______


_______

_______

Injector 2:
_______


_______

_______

Injector 3:
_______


_______

_______

Injector 4:
_______


_______

_______

Injector 5:
_______


_______

_______

Injector 6:
_______


_______

_______

Injector 7:
_______


_______

_______

Injector 8:
_______


_______

_______
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( While a fuel injector can still receive power, and still have a good coil (ohms), it still may be stuck closed, or stuck open.   If the injector does not receive power, it cannot open.  The PCM opens and controls the injectors.

A stuck closed injector will cause a lack of power and a misfire, as well as high Nox (lean).  A stuck open injector will cause too much fuel (rich) to enter the combustion chamber at all times - even while they key is off.  Fuel pressure will bleed past the injector and cause a similar situation as a bad check valve in a fuel pump, however you will also get a rich running condition.  Black smoke, fuel-diluted oil, and low fuel economy would be the result of this condition.

Pulling fuel injectors is a nice way to test for power balance!  

Step 5 – Removing a Fuel Injector

( Turn off the engine.

( Using the jumper test leads, jump an injector to battery power.  Watch fuel pressure.

( What happens to the fuel pressure? _____________________  Why? _________________________

( Disconnect the negative battery cable.

( Now that fuel pressure is bled down, remove a fuel injector from the fuel rail on your vehicle.

( To install a fuel injector, Inspect and clean both the coupling ends

( Lubricate the O-rings with clean engine oil

( Position the fuel injector

( Torque the fuel rail to spec

( Restart the vehicle and check for fuel leaks. 

Mixture Results or Determination
Indicate if the following situation would cause a rich or lean mixture.

1. Stuck Open Injector _____________________

2. High Fuel Pressure _____________________

3. Damaged Spark Plug ___________________

4. Stuck Closed Injector ____________________

5. Low Fuel Pressure _____________________

6. Cold Start _____________________

7. Hot Start _____________________

8. WOT _____________________

9. Idle _____________________

Indicate if the following situation would cause a high or low fuel pressure.

10. Missing vacuum line on fuel pressure regulator _____________________

11. Restricted return line _____________________

12. Clogged fuel filter _____________________

13. Bad check valve (fuel pressure on startup) _____________________

14. WOT _____________________

15. Idle _____________________

16. Technician A says the PCM controls the fuel injectors. Technician B says fuel pressure is controlled by the PCM. Who is correct?

A.  
A only

B.  
B only

C.  
Both A and B

D.  
Neither A nor B

17. Which of the following should be checked first if there is no fuel pump pressure?

A.  
Fuel Pump Wiring

B.  
Fuel Filter

C.  
Fuse

D.  
Fuel Pump Relay

18. Which of the following represents a rich air fuel mixture?

A.  
Engine oil that smells like gasoline

B.  
Carbon deposits on a spark plug tip

C.  
Black smoke from the exhaust

D.  
All of the above

19. Fuel injection has several major advantages over carbureted systems, list them.   

_____________________________________________________________________________________________

_____________________________________________________________________________________________

20. The chemical symbol for gasoline is _____________________

21. Two important factors that effect power and efficiency are ___________________ and __________________.

22. Compression ratios today range from _________________ to __________________.

23. T/F - Only fuel pressure is critical when testing a fuel system. _____________________________

24. Two flame fronts can create a ___________________ that can destroy _____________________, 

_________________, _________________ and ___________________.

25. Six factors that effect gasoline volatility are __________________________, ______________________, 

__________________, _____________________, ______________________, _______________________

26. What fuel test requires the fuel return line to be pinched off? ________________________

27. What should happen with the above fuel test if everything is operational? _______________________________

28. How long should this test be run? ______________________________________

29. For your vehicle you worked on in the lab.  Label the following.

Injector 1 - Wire Colors and PIN Numbers _______________________________________________________

Injector 2 - Wire Colors and PIN Numbers _______________________________________________________

Injector 3 - Wire Colors and PIN Numbers _______________________________________________________

Injector 4 - Wire Colors and PIN Numbers _______________________________________________________

Injector 5 - Wire Colors and PIN Numbers _______________________________________________________

Injector 6 - Wire Colors and PIN Numbers _______________________________________________________

Injector 7 - Wire Colors and PIN Numbers _______________________________________________________

Injector 8 - Wire Colors and PIN Numbers _______________________________________________________

Do the injectors share a common power source? ____________________________________________

Is this a SEFI or MPFI fuel system _____________________________________

How can you tell? _______________________________________________

Are the injectors power side switched, or ground side switched? _______________________________________ 

What should be used to lubricate injector -o-rings? ____________________________________

Look at the electrical schematic for a 1987 Porsche Carrera 911 (Non-turbo) Figure 8.

Is this a SFI or MPFI fuel system? ________________________________________________

Now, go look at the same diagram for a 1991 Carrera 2. Figure 1.

Is this a SFI or MPFI fuel system? ________________________________________________

How can you tell? ___________________________________________________________

NATEF TASKS - VIII. ENGINE PERFORMANCE

D. Fuel, Air Induction, and Exhaust Systems Diagnosis and Repair

1. Diagnose hot or cold no-starting, hard starting, poor driveability, incorrect idle speed, poor idle, flooding, hesitation, surging, engine misfire, power loss, stalling, poor mileage, dieseling, and emissions problems on vehicles with injection-type fuel systems; determine necessary action. P-1

3. Inspect and test fuel pumps and pump control systems for pressure, regulation, and volume; perform necessary action. P-1

4. Replace fuel filters. P-1

5. Inspect and test cold enrichment system and components; perform necessary action. P-3

6. Inspect throttle body, air induction system, intake manifold and gaskets for vacuum leaks and/or unmetered air. P-2

7. Inspect and test fuel injectors. P-1
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