V. FUEL SYSTEM:

A. Purpose of the Fuel System: The fuel system supplies the engine with the proper amount of fuel to the combustion chamber, and allows the operator control of engine speeds and power output. The fuel system must: Supply clean fuel, Cool the injectors, lubricate the injectors Maintain pressure, and Purge the system of air.   

B. Two Classifications of the Fuel System:
1. Low Pressure: 

2. High Pressure: 


1. Low pressure: Uses a low-pressure pump that provides fuel to individual injectors that time, meter, highly pressurize, and atomize the fuel into the combustion chamber. A low-pressure system is considered to be between 65-75- PSI maximum. 
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     a. Fuel flow:



    1. Suction side of the fuel system: Fuel is drawn from the fuel tank, through a one-way check valve, through the primary fuel filter, and into the inlet side of the fuel pump. 


    2. Pressure side of the fuel system: The fuel is forced through the secondary fuel filter, into the inlet fuel manifold, and through the fuel pipes into the inlet side of each injector. 


    3. Excess fuel returns from the outlet side of the injectors to the fuel return manifold, through a restricted fitting and then back to the supply tank.
     b. Types of Fuel system: 
         1. Unit injection system: Uses a low-pressure pump that supplies fuel through fuel lines and fuel manifolds to the unit injectors. The camshaft activates the unit injectors. The unit injector perform the functions of TAMP.

         2. Pressure-timed fuel system (Cummins): Uses a pressure-timed pump to supply fuel through a common fuel line to the unit injectors that are activated by the valve train. Also known as a common rail system- the pump times and meters the fuel and the unit injectors pressurize and atomize the fuel.  


    3. Distributor type injection system (Roosta-master): The distributor type fuel injection system uses one pump with a distributor type action to deliver fuel through individual fuel lines to each unit injector. The accessory drive gears drive the pump.

C. Low Pressure Unit Injection System:
     1. Fuel system components and functions:

            a. Fuel tank: A vented reservoir for fuel. It contains baffle plates to strengthen the tank and prevent sloshing. It also aids in cooling the 60% of fuel that returns to the tank. It incorporates an inlet screen to prevent foreign from entering the fuel tank during refueling. 

    b. Check valve: A one-way check valve is installed between the fuel tank and the primary fuel filter to prevent fuel from returning to the tank. It keeps the fuel in the system so you do not have to bleed the fuel system of air when the vehicle has been sitting for a while. 
    c. Primary fuel filter: Strains large particles of dirt before they enter the fuel pump. A drain valve is used to drain water from the fuel system. It is located between the fuel tank and the fuel pump. It functions under suction. The filter element is normally a metal disc. The housing holds the element to the cover. The cover has one inlet and two outlets. One outlet will always be plugged. The top plug is used for priming the filter unit.   
    d. Low pressure fuel pump:  A positive displacement, gear type, gear driven pump. It maintains pressure within the system with the aid of a restrictive fitting. It is driven by the blower, camshaft, or governor assembly, depending on the application.

          1. Fuel pump identification:
a. R.H.  -  Right hand rotation

b. L.H.  -  Left hand rotation

c. Star  -  Gravity fed pump. R.H. or L.H.


rotation

    e. Relief valve: Located on the outlet side of the fuel pump. It protects the fuel pump and seals. It normally remains in the closed position, opening only when the fuel pressure exceeds the spring pressure of 65 - 75 PSI of the relief valve. When the relief valve opens, the fuel is redirected from the outlet side of the fuel pump back to the inlet side of the fuel pump. The fuel circulates through the fuel pump.  
     f. Secondary fuel filter:  Strains the small particles from the fuel before it enters the inlet fuel manifold.  It is located between the fuel pump and the inlet fuel manifold.  The element is a sock or paper type.  A drain valve is used to drain water from the fuel system.

     g.  Fuel manifold: Cast as part of the fuel system and consists of two parts:  (It is cast as part of the cylinder head)



 1. Upper manifold: Receives fuel from the secondary fuel filter and carries it to the fuel tubes to the unit injectors. 
           2. Lower manifold:  Returns the excess fuel from the unit injectors to the restricted fitting.            

    h. Restricted fitting: Creates fuel pressure back to the fuel pump. It is mounted to the outlet side of the lower fuel manifold. Without adequate fuel pressure, the engine will not operate to its fullest potential. The letter “R” and a number following it will identify all restricted fitting.

    i. Unit type fuel injector: Contains the injection pump, fuel valves, and the nozzle in a single housing which provides a complete and independent injection system for each cylinder. The units are mounted in the cylinder head with their spray nozzles protruding into the combustion chamber.

          1. Performs four functions (TAMP):
a. T- ________the injection of fuel into the   

                          cylinder

b. A- ________the fuel by reducing the      

      liquid into a fine mist.

c. M- ________the fuel by controlling the      

                          amount to be pressurized

d. P- __________the fuel to about 1800 PSI      

      to atomize the fuel and overcome the     

      Pressure inside the combustion chamber
          2. Injector identification:  The body of the unit injector has a tag pressed into it.  The letter “N” indicates “needle valve”, the number indicates the output of the injector per 10 strokes. 

D. Multiple Unit Injection Pump Systems:
       1.  High pressure: Uses a high-pressure pump that delivers pressurized fuel through seamless steel lines to injector nozzles for atomization and injection. The high-pressure pump, seamless steel lines, and injector nozzles are all ____________ mounted. The fuel pressure must be high enough to overcome the cylinder compression pressure that can exceed 2000 PSI. Contains one injector pump per cylinder. The fuel is delivered to the injector in a timed sequence with the firing order of the engine. This is accomplished by a timed camshaft. The camshaft turns ½ a revolution for each revolution of the crankshaft.  
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Figure 5-6. General System Operation.





2. Fuel flow operations:

a. Suction side: Fuel is drawn from the fuel tank 

through the shut off valve, through the fuel filter and priming pump, to the inlet side of the fuel transfer pump.


b. Pressure side:



1. The transfer pump sends the fuel through the secondary fuel filter into the fuel manifold of the fuel injection pump housing. The fuel pressure is between 65-75 PSI.



2. The injection pump plunger meters the fuel and puts it under high pressure. The fuel flows through the injector lines to the nozzle and into the combustion chamber. The fuel pressure must exceed the cylinder compression pressure (over 2000 PSI) 

          3. Excess fuel is returned from the injection pump through the fuel manifold and back into the fuel tank.



4. Air and some fuel are taken out of the fuel manifold through the air/fuel bleed valve in the return line.

3. Two types of the multiple unit injection pump system: 

a. Sleeve metering fuel pump: Main components consist of: a plunger, a barrel, and a sleeve. The plunger moves up and down inside the barrel and sleeve. The barrel is stationary while the sleeve is moved up and down around the plunger to make a change in the amount of fuel for injection. (This pump is on the CAT engine in the PE bay)


b. Scroll fuel pump: Main components consist of the pump plunger and scroll. As the pump plunger travels up in the pump barrel, a check valve opens and lets fuel flow into the fuel injection line. As the pump plunger travels further up, the scroll uncovers the spill port. The fuel above the pump plunger goes through the slot along the edge of the scroll and out the spill port back to the fuel manifold. (It is used on newer pieces of equipment)

4. Fuel system components and their functions:

a. Fuel tank and components: Stores fuel as a reservoir. The fuel tank capacity is determined by the amount of fuel used during an 8-10 hour period. 


      1. Fuel cap: Keeps contaminants from entering the fuel tank. It is also ________ to relieve or ________ tank pressure.



 2. Fuel screen: It must be kept in place because it strains the fuel during refueling operations. The only drawback is it slows down the refueling process. 



 3. Fuel supply line: Supplies the fuel to the system. It is located in the bottom of the fuel tank and extends up into the fuel tank (2-4 in.) to prevent contaminants from entering the fuel system. It is called a “____________.”



 4. Fuel return line: Return excess fuel to the fuel tank. The fuel returning to the tank is hot and needs to be cooled. The fuel already in the fuel tank cools it.



 5. Baffles: When shaken, fuel will foam up like beer or soda. The baffles in the fuel tank prevent the fuel from sloshing around. They also reinforce and strengthen the fuel tank. They are located inside the fuel tank.


      6. Two types of fuel filters:

               a. Primary type fuel filters:
It is the _______ filter between the fuel tank and the hand-priming pump. It filters particles large enough to damage the hand-priming pump. 



     b. Secondary, fabric or paper composite:

It is located between the fuel transfer pump and the fuel injection pump. It filters particles large enough to damage the fuel injection pump and the fuel injection valve. It can be made of paper or fabric (sock type).   

        c. Three configurations:

1. Canister: “Spin-on”, Screw on/Screw-off, or disposable.        

             The filter and housing are in one unit.

    2. Cartridge: The filter element is removable. It is an    

                  economical way to replace filter.

  3. Combination: It is a fuel filter and water separator. It  

                  must be drained when it is half full of  

                  water. It is better just to drain it daily.        

                  The housing is usually made of glass, so be   

                  careful with it.   


d. Hand primer pump: Fills the fuel system with fuel and removes any air within the fuel system. It is located on the side of the sleeve metering fuel injection pump.    



e. Fuel transfer pump: Supplies the flow of fuel to the injection pump. (Through the secondary fuel filter) It is a positive displacement, gear type pump. It has a drive gear. It is driven by the fuel injection pump camshaft.     



f. Fuel injection pump and housing: The Caterpillar multiple unit injection pump is equipped with one pump per cylinder; this is where the fuel charge is timed, metered, pressurized, and the injection at the top of the compression stroke.

              1. Fuel injection pump timing:  The pump must be timed to the engine. It is timed to 1/2 the revolution per one revolution of the crankshaft. This enables precision injection at the top of the compression stroke. The pump has the primary responsibility of: ________ the injection, ________ the fuel, and _______________ the fuel to the cylinders to ensure atomization.

**During reassembly, you will use the _________________ to time the fuel pump to the engine.  



g. Governor: Controls the engine  ______________ by regulating the amount of fuel used. The governor controls the low & high idle speed of the engine. **NEVER OPERATE A DIESEL ENGINE WITHOUT A GOVERNOR. ** 



h. High pressure fuel lines: Made of a _________ steel tube. Once damaged, they cannot be repaired by splicing. 

**DO NOT OVERTIGHTRN THE FUEL LINE NUTS**

          i. Fuel injection valve: The fuel injection valve has the responsibility of ________________ the fuel for maximum combustibility. The fuel injection valve changes the liquid diesel fuel into a fine mist.

5. Fuel System Inspection:


a. Visual inspection:


1. Depending on the vehicle and TM or AR 385-55, any fuel leak is classified as a deadline item.



2. The following are identifications of fluid leakage:




a. Class I - Seepage of fluid not great enough to form drops (indicated by wetness or discoloration). 




b. Class II - Leakage great enough to form drops but not enough to cause drops to drip from the item being checked.




c. Class III - Leakage great enough to form drops that fall from the item being checked.


b. Inspection procedures: Inspect for wet spots on the ground, stains around fittings and components, and dents and cracks on the fuel filters and housing. Inspect fuel hoses and lines for leaks, dents, cracks, or damage.

 6. Troubleshooting the high-pressure fuel system: Use the appropriate TM for the equipment.

 7. Troubleshooting the low pressure fuel system: Use the

appropriate TM for the equipment. 
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