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TERMINAL LEARNING OBJECTIVE: 

(1) Provided an equipment repair order, a diesel engine necessary tools, and appropriate technical references, overhaul the engine such that it runs efficiently with a +/- 5 percent tolerance to the criteria listed in the reference(s). (1341.3.11)

ENABLING LEARNING OBJECTIVES:

1. Provided an item of engineer equipment with a malfunctioning fuel system, necessary tools, and appropriate technical manuals, with the aid of references; diagnose the fuel system in accordance with TM 9-8000 and Diesel Mechanics by Shultz. (1341.3.11r)

2. Provided a diesel engine, special tools, a general mechanics tool kit, with the aid of references, adjust the fuel injectors in accordance with TM 9-8000 and Diesel Mechanics by Shultz. (1341.3.11t)

3. Provided a diesel engine, special tools, a general mechanics tool kit, with the aid of references, adjust the governor in accordance with TM 9-8000 and Diesel Mechanics by Shultz. (1341.3.11u)

4. Provided a diesel engine, special tools and a general mechanics tool kit, with the aid of references, adjust the fuel injection pump in accordance with TM 9-8000 and Diesel Mechanics by Shultz. (1341.3.11v)

5. Provided a diesel engine, special tools, a general mechanics tool kit, with the aid of references, perform a secondary fuel filter fuel pressure test in accordance with the appropriate technical manual. (1341.3.11w)

6. Provided a diesel engine, special tools, a general mechanics tool kit, with the aid of references, perform a cylinder misfiring test in accordance with the appropriate technical manual. (1341.3.11x)

7. Provided a Scroll Fuel Injection pump, special tools, necessary repair parts, and technical manual, with the aid of references, inspect the injection pump in accordance with the appropriate technical manual. (1341.3.11y)

8. Provided a Scroll Fuel Injection pump, special tools, necessary repair parts, and technical manual, with the aid of references, disassemble the injection pump in accordance with the appropriate technical manual. (1341.3.11z)

9. Provided a Scroll Fuel Injection pump, special tools, necessary repair parts, and technical manual, with the aid of references, inspect the internal components of the injection pump in accordance with the appropriate technical manual. (1341.3.11aa)

10. Provided a Scroll Fuel Injection pump, special tools, necessary repair parts, and technical manual, with the aid of references, assemble the injection pump in accordance with the appropriate technical manual. (1341.3.11ab)

11. Provided a Scroll Fuel Injection pump, special tools, necessary repair parts, and technical manual, with the aid of references, adjust the governor of the injection pump in accordance with the appropriate technical manual. (1341.3.11ac)

STUDENT READING ASSIGNMENTS: Shultz Manual, Chapters 28 thru 37, FOS Engine Manual Chapters 3,4,5 and 9,student outline prior to class.

1. COMPONENTS AND FUNCTIONS OF COMPONENTS COMMON TO ALL FUEL SYSTEMS.

a. Fuel tank

(1) Reservoir for fuel

(2) Contains baffles plates which strengthen the sides and top of the tank.

(3) Aids in the cooling of the fuel since all fuel systems send a small amount of fuel back to the tank.

(4) In general, fuel tanks are constructed to store enough fuel so that the equipment can operate at 80 percent of its workload for 8 hours without being refueled.

b. Check Valve.

(1) Installed in the fuel supply line between the fuel tank and the primary fuel filter.

(2) The main purpose of the check valve is to prevent fuel from returning back to the fuel tank when the engine is shut down.

c. Primary fuel filter.

(1) Located between the check valve and the fuel pump.

(2) Functions under suction.

(3) Strains large particles of dirt and debris from the fuel.

(4) Has one inlet and two outlets. One outlet is usually plugged depending on the placement and design of the engine.

d. Fuel Pump.

(1) All systems incorporate a small positive displacement pump. Commonly referred to as a fuel lift pump.

(2) The TRAM uses a single-acting, positive displacement pump mounted on the side of the injection pump housing and is driven by the injection pump camshaft.

(3) The LRT 110 crane and EBFL uses a single-acting, positive displacement diaphragm pump mounted to the side of the engine block and works on its own lobe on the camshaft.

(4) The Terex LRTF uses a single-acting, positive displacement diaphragm pump mounted to the bottom of the fuel injection pump and is driven by the injection pump drive shaft.

(5) The Caterpillar 3306 found in the D7G uses a positive displacement, gear type pump mounted to the fuel injection pump housing and is driven by the injection pump camshaft.

e. Secondary Fuel Filter.

(1) Located between the fuel pump and the fuel injection pump.

(2) Functions under pressure.

(3) Strains the smaller particles of dirt and debris from the fuel that will harm the injection pump.

f. Fuel Injection Pumps/Systems. 

(1) The fuel injections system of any diesel engine has six basic functions:

(a) To store, clean, and transfer fuel

(b) To meter the quantity of fuel required at all loads and speeds and to equalize the fuel quantity delivered to each engine cylinder to ensure equal power between cylinders of multiple cylinder engines.

(c) To start injection at the right time within the cycle of the engine in relation to load and speed.

(d) To ensure quick beginning and ending of injection so that the injected fuel is evenly atomized.

(e) To inject the fuel at the rate necessary to control both combustion and pressure in the cylinder.

(f) To direct, distribute, and atomize the fuel uniformly, as required by the combustion chamber design.

(2) Two basic types of fuel injection systems are produced today, with many variations of each type.

(a) Group 1- A gear- or cam-driven high-pressure pump that supplies highly pressurized fuel by way of high-pressure fuel lines to injector nozzles for atomization and injection. Types of fuel injection system manufacturers:

1. American Bosch

2. CAV

3. Caterpillar

4. Robert Bosch

5. Stanadyne

6. Diesel Kiki.

7. Zexel

(b) Group 2- A gear or cam driven low-pressure pump, which supplies fuel to each cylinder’s unit injector. The unit injector then highly pressurizes, atomizes, and injects the fuel. Types of fuel injection system manufacturers:

1. Caterpillar

2. Cummins

3. Detroit Diesel  

g. Governors.


(1) A device used to limit high- and low- idle rpm and/or maintain a selected uniform rpm within the power range of the engine.

(2) Diesel engines can accelerate at a rate of more than 2,000 revolutions per second; a fast acting governor must control against the engine speed over speeding.

(3) There are numerous types of governors manufactured, each for a specific engine application and each capable of readjusting automatically to its load and speed. The five different types of governors are:

(a) Mechanical

(b) Pneumatic

(c) Servo

(d) Hydraulic

(e) Electronic

h. Fuel Injection Nozzle. The purpose of the injection nozzle is to direct and atomize the metered fuel into the combustion chamber.

(1) The combustion chamber design dictates the type of nozzle, the droplet size, the spray pattern, and the spray angle required to achieve complete combustion within a given time and space.

(2) Each injection nozzle is identified by a lettering and/or numbering system to identify the nozzle design, dimensions, spray angle in degrees, hole size, number of holes, sac hole size, and valve lift.

2. CUMMINS DISTRIBUTOR FUEL SYSTEM

a. Operation of the fuel system in order of fuel flow to the fuel injection pump and component operation. 

(1) The fuel transfer pump draws fuel from the supply tank, through a prefilter or screen, to provide a positive flow of fuel to the filter head. The prefilter removes particles from the fuel larger than 140 microns, which can block the transfer pump check valves open.

(2) Fuel flows through the filter head into the combination water separator and fuel filter, were water and contaminates are removed. Filtered fuel is transferred to the distributor pump through the supply line.

(3) The distributor pump pressurizes, controls timing, distributes, and meters an amount of high-pressured fuel to the injectors through high-pressure lines (one per cylinder).

(4) During injection, the pressurized fuel is forced through spray holes in the injector nozzles causing atomization of the fuel for combustion. Hole type nozzles are used on the B series engines.

(5) A small amount of leak-off fuel from the injectors

and fuel vented from the injection pump flows back to the tank.

b. Operation of the major system components in order of fuel flow, beginning with the fuel transfer pump.

(1) The Cummins B series engine a standard diaphragm type fuel transfer pump or an optional plunger type pump. Both fuel transfer pumps are driven by a special lobe on the camshaft.

(2) A cam lobe raises the arm on the diaphragm style fuel transfer pump to create the pumping action. All of the fuel transfer pumps use check valves to control the fuel flow.

(3) A spring-loaded diaphragm is used to move the fuel. Check valves prevent fuel bleed back during pumping and engine shut down.

(4) The diaphragm pumps have an external lever to permit manual operation of the pump for priming.

(5) The plunger type fuel transfer pump is mechanically driven by a special lobe on the camshaft. The lobe pushes against the plunger in the fuel transfer pump to create the pumping action. Check valves control the direction of fuel flow, and prevent fuel bleed-back during engine shut down. The pump can be disassembled for cleaning or repair.

(6) As the high point on the cam lobe rotates away from the fuel transfer pump, the spring forces the piston toward the camshaft. The pressure of the fuel in the piston bore closes check valve (A) and opens check valve (B), and the fuel is forced to the low-pressure supply line. As the piston moves, check valve (C) opens and fuel is drawn into the spring cavity.

(7) As the high point of the cam lobe rotates toward the fuel transfer pump, the plunger and piston are forced toward the inlet. The pressure of the fuel on the spring side of the piston causes check valve (C) to close and check valve (A) to open, allowing the fuel in the spring cavity to flow to the other side of the piston.

(8) A second plunger allows manual priming and bleeding of air from the system. When the plunger is depressed, check valve (A) prevents back flow and fuel is forced though check valve (B). When the plunger is released, the spring forces the plunger outward. This action creates a suction that causes check valve (B) to close. At this time, the suction draws fuel through open check valves (A) and (C).

(9) It should be understood that the fuel transfer pump would not function if the valves were blocked open from particles in the fuel. Don’t operate the engine without a prefilter or screen.


The volume pumped by the fuel transfer pump will vary with engine speed, but should always provide an excess flow, which is returned to the fuel tank from the vent fitting on the injection pump.

c. Filtration. Fuel-water separation and filtration is the key to trouble-free operation and long life of the fuel system. Some of the clearances between the pump parts are very close. For this reason the parts may easily be damaged by rust formation and contaminants.

(1) Between the supply tank and the fuel transfer pump the fuel flows through a filter/sediment bowl or an inline strainer that protects the fuel transfer pump from debris.

(2) With the dual filter arrangement, the fuel flows through the first filter, and moisture precipitates down to the collection chamber. The operator/mechanic MUST drain the water regularly by opening the drain cock valve on the bottom.

(3) The filter element removes other contaminants from the fuel. Good filtration is required to protect the internal components of the fuel system.

(4) The second filter in the dual filter arrangement provides additional protection against damage to the pump from dirt, water, and other contaminants in the fuel supply. Square cut sealing rings are used for sealing between the mating surfaces. A large sealing ring affixed to the fuel filter seals the outside diameter. A smaller sealing ring seals the inside diameter around the threaded support.

(5) The maximum allowable pressure drop across the filters is 5 PSI.

(6) Regular maintenance, including draining moisture from the fuel water separator/filter and supply tank, is essential to keep water out of the fuel.

(7) The low-pressure supply line conveys fuel from the injection pump inlet fitting. The fuel pressure in the line will normally not exceed 20 PSI. A vent fitting on the injection pump opens at that pressure to regulate supply line pressure. 

d. Bosch, Model VE, injection pump operation. The model VE injection pump is a mechanically governed, distributor injection pump. The data plate provides important information about configuration and specifications for the pump, including the serial number.

(1) The distributor pump operation begins with fuel entering the inlet port of the pump housing and the internal transfer pump. The internal vane type transfer pump is driven by the pump drive shaft. It transfers fuel, under pressure, to the distributor pump housing. The volume and fuel pressure of the internal transfer pump increases in relation to pump speed, up to a maximum of 115 PSI at rated speed.

(2) The pressure regulator valve controls the internal pressure of the pump by allowing part of the fuel to be routed back to the inlet side of the internal transfer pump. The pressure is set by driving a plug against the spring to establish a spring force. An interference fit keeps the plug in position.

(3) Fuel, at internal pump pressure, fills the drilling in the hydraulic head. This drilling is a passage for the flow of fuel to the fuel solenoid valve.

(4) When the fuel solenoid valve is open, the internal pump maintains a supply of fuel to the metering slot and the high-pressure chamber; which is at the end of the distributor pump chamber.

(5) The pump plunger has a rotary and linear motion. The rotary motion is produced by the rotation of the drive shaft. The linear motion is produced by the cam plate as the cam lobes rotate against the stationary cam rollers.

(6) The rotary-linear motion of the distributor pump plunger has two functions: to develop the injection pressure, and to distribute the fuel to the appropriate engine cylinder through the high-pressure lines.

(7) Charging or filling of the pressure chamber begins during the inlet stroke. The cam plate allows the plunger to retract. The metering slot is rotated to align with the inlet port and fuel fills the pressure chamber.

(8) Continuing plunger rotation moves the metering slot out of alignment with the inlet port. Port closure isolates the fuel in the pressure chamber.


(9) The action of the cam plate causes the plunger to move toward the pressure chamber, increasing the pressure of the isolated fuel in the pressure chamber. As the plunger continues to increase the pressure in the chamber, the distribution slot aligns with one of the discharge ports and fuel is forced out to the injectors through the high-pressure lines.


(10) The position of the regulating collar is controlled by the governor. The purpose of this collar is to regulate fuel volume delivery to the high-pressure lines. This is accomplished by opening the spill port, thereby allowing the fuel under pressure, in the internal port, to exit into the pump interior.


(11) Filling and injection are repeated once for each discharge port per pump revolution. The pump is timed to the engine so that fuel injection occurs near the end of the compression stroke for each cylinder. Proper distribution is achieved by connecting the discharge ports to the cylinder according to the firing order. 1-3-4-2


(12) In order to compensate for injection and ignition lag, the timing-advance device advances the injection timing of the pump, relative to the crankshaft position, as the engine speed increases.


(13) During cranking and idling, the cam roller ring is held in the starting position by the advance piston spring. As the engine speed increases, internal pump pressure increases and forces fuel through an orifice into the timing advance chamber.


(14) This produces the force needed to move the piston against the spring and to advance the cam roller ring allowing the cam plate to contact the rollers sooner and initiate the injection cycle earlier.

e. Governor


(1) The pump incorporates a mechanical flyweight governor, which is gear driven from the pump drive shaft. Springs and linkage are used to connect the governor to the engine throttle lever and the regulating collar.

(2) The operator determines the desired speed between idle and governor break by moving the throttle lever. This establishes a spring force to oppose the centrifugal force of the flyweights, which positions the regulating collar.

(3) When the engine reaches the speed corresponding to the throttle position, the two opposing forces are in balance. The regulating collar is now positioned to maintain a constant speed until engine loading or throttle position is changed.


(4) The pump has external screws for limiting high idle and for setting the low idle speed.


(5) The pump has a vent fitting, which provides automatic bleeding and allows vented fuel to return to the tank.


(6) The pump also has a mechanical shutdown lever. When activated, the regulating collar holds the spill port open, thereby preventing the development of injection pressure.

f. Injection nozzle. The injection nozzle must inject an equal amount of fuel into each cylinder, atomize the fuel, and spread the fuel spray to mix fully with the air for smooth operation.


(1) The Cummins B Series engine use a hole type injector. The injector assembly consist of the:


-Nozzle body


-O-ring water seal


-Spring


-Nozzle holder


-Needle Valve


-Nozzle


-Sealing washer


-Shims



-Edge filter


-High-pressure inlet


(2) During the injection cycle, high pressure fuel from the pump is forced across the edge filter, down the drilling in the nozzle holder and nozzle, and enters the needle valve bore.


(3) The spring load on the needle valve keeps the valve closed until the pressure rises to approximately 3600 psi. At this pressure, the valve lifts to allow fuel to flow into the nozzle tip.


(4) The point at which the needle valve lifts is called the operating pressure setting. This is often referred to as the “pop” pressure setting. Shims are used to adjust the pop pressure setting.


(5) During injection, the fuel pressure from the pump rises very rapidly to injection pressure. Fuel is forced through the spray holes in the nozzle tip, atomizing and distributing the fuel within the engine cylinder.


(6) The distributor pump delivers a metered amount of fuel per injection cycle. After injection, pressure in the nozzle is rapidly reduced. This permits the spring to force the needle valve down quickly. This action stops the flow of fuel into the cylinder and prevents exhaust gases from entering the nozzle.


(7) Fuel provides lubrication and some cooling effect for the needle valve. Fuel leaking past the needle valve drains through the spring cavity into the fuel drain manifold, and back to the fuel tank.

3. ROBERT BOSCH INLINE INJECTION PUMP

a. Fuel flow to the injection pump is basically the same as for the previous system.

b. The pumps are driven at half engine speed by the camshaft gear.

c. Lubricating oil flow through a small orifice in the gear housing provides lubrication for the pump camshaft, roller-tappets and governor components. Oil returns to the gear housing through a drain hole above the pump shaft.

d. Robert Bosch Inline Injection pump operation.


(1) Fuel flow through the injection pump is limited to the fuel galley. 

(2) The vent fitting contains a check valve that opens at 20 psi to limit pressure in the galley during engine operation.


(3) Each pumping element consists of: the barrel, plunger, control sleeve, plunger spring, lower spring seat, and roller tappet.


There is a pumping element for each engine cylinder. Lifting and retraction of the plunger provides the pumping action for fuel delivery.


(4) As the camshaft rotates, the cam lobe lifts the plunger. The spring keeps the roller tappet in contact with the cam lobe, and causes the plunger to retract as the high point of the cam lobe rotates away from it.


(5) The following sequence of plunger lift and retraction illustrates the pumping action for moving fuel from the galley to the engine cylinder.


At bottom dead center, fuel from the galley fills the bore between the plunger and the delivery valve.


(6) As the plunger is lifted, the fill/spill port closes, sealing a quantity of fuel in the bore. Continued lifting of the plunger reduces the volume above the plunger, thus creating the fuel pressure necessary for injection.


(7) Fuel injection stops when the helical slot on the plunger opens the fill/spill port. This action allows the fuel above the plunger to flow back to the fuel galley. The plunger is lifted to top dead center, then once again retracted to bottom dead center to begin another cycle.


(8) The control sleeve rotates the plunger. This action controls the quantity of fuel delivered to the cylinder. The following sequence illustrates the positioning of the vertical and helical slots on the plunger in relation to the fill/spill ports.


(9) For zero delivery, the plunger is rotated so the vertical slot on the plunger is aligned with the fill/spill port. In this position, fuel is not sealed above the plunger.


(10) For delivery of a quantity of fuel less than maximum, the plunger is positioned so the fuel is sealed above the plunger for some lift distance between port closure and port opening.


For maximum delivery, the plunger is positioned so the fuel is sealed above the plunger for maximum lift distance between port closure and port opening.

(11) During normal engine operation, the injectors, high-pressure fuel lines, delivery valve holders and plunger bores are completely filled with fuel. The delivery valves prevent drain-back between injection cycles.


(12) Complete filling is important because the volume pumped during each stroke displaces an equal amount from the injection nozzle.


(13) Starting in the delivery cycle at the point where the plunger is lifting, causing pressure in the bore between the plunger and the delivery valve to rise. When this force exceeds the opposing forces of the spring and the residual pressure in the high-pressure line, the delivery valve opens.


(14) Fuel displacement into the high-pressure line raises the pressure in the fuel line until it overcomes the spring force on the needle valve in the injector, causing it to open. The fuel pressure continues to rise as fuel is forced through the spray holes in the nozzle tip.


(15) When the helical slot on the plunger passes the port to the fuel gallery, pressurized fuel above the plunger escapes. At this time, the pressure and force of the delivery valve are reduced, allowing the delivery valve to close.


(16) The delivery valve performs two functions as it closes: 1) the retraction collar seals the fuel in the high-pressure line as it enters the valve body. 2) Then, continued movement of the valve cone to its seat on the valve body increases the volume available for fuel, allowing the pressure in the high-pressure line to be reduced rapidly.


(17) Reduction of pressure in the high-pressure line allows the needle valve in this injector to close very quickly. This action prevents dribbling of fuel into the engine cylinder.


(18) The starting notch on the pump plunger provides retarded timing for easier engine starting. When the rack is moved in the starting position (a)(extended beyond the maximum operating position (b)), the starting notch aligns with the fill port for filling. When the plunger is lifted at this position, maximum fuel will be delivered, but a little later, because port closure will be delayed until the edge of the notch closes the fill port.


(19) On engine equipped with the RSV governor, a magnet holds the control rack in the starting position until the flyweight force of the governor is strong enough to pull the rack toward the idle position.

e. RSV governor operation.


(1) The RSV is a mechanically governed, variable-speed governor. The flyweights are driven by the injection pump camshaft. Springs and linkage connect the control lever to the pump control rack, which controls the quantity of fuel delivered by the pumping elements.


(2) The operator determines the desired speed between idle and governor break by moving the engine speed control lever.


(3) Moving the control lever, initially repositions the pump control rack and establishes a spring force to oppose the centrifugal force of the flyweights. The control lever has been positioned for full speed.


(4) The control lever is now in the half speed position. When the engine reaches the speed corresponding to the lever position, the opposing forces are in balance. The control rack is now positioned to maintain a constant speed until engine loading or speed control position is changed.


(5) The spring in the torque capsule also opposes the flyweight force. The force of the spring is adjusted during test to provide the desired fuel delivery during mid-range operation. The full load stop limits the fuel delivery under load.


(6) A second control lever is used for engine shutdown. When you move the lever in the direction shown, the control rack is pulled in the stop position. At this time no fuel is delivered to the engine, regardless of the engine speed control position.


(7) A solenoid controls the starting and stopping. The solenoid plunger is spring loaded in the open position. The solenoid is mounted on the engine so the extended plunger will hold the shutdown lever in the shutdown position until the solenoid is activated. When the solenoid is energized for starting the engine, the plunger retracts and the shutdown control lever is moved to the ”run” position by a spring on the control lever shaft.


(8) With the flyweights at rest, and the solenoid activated, the starting spring pulls the control rack to the start position for maximum fuel delivery. The magnet on the pump holds the rack in that position until the engine starts and the speed is sufficient for the flyweight force to overcome the magnetic force. In this slide, this control lever is positioned at half-speed; however, you do not have to move the engine speed control from idle to start the engine. You will need to put the shutdown lever in the run position.


(9) The engine speed will drop back to idle after the force is broken and the rack is moved to the idle position.


(10) When the engine starts, the flyweights will move outward, exerting enough force to overcome the governor spring force. Idle speed will be stabilized when these weights are equal.


The low-idle and bumper spring adjusting screw allows you to adjust engine idle speed. The bumper spring provides a cushioning effect to stabilize idle speed when the engine speed control is quickly brought back to the idle position. Always refer to the service manual when adjusting the idle.


(11) The high-idle adjustment is set at the factory; it should not require adjustment.


When the control lever is against the high-speed stop, the tension on the governor spring is at maximum. For this reason, the speed and centrifugal force of the flyweight will also need to be at maximum. The speed at which the forces are balanced is the high-idle speed.

4. COMPONENTS AND FUNCTIONS OF THE CATERPILLAR SCROLL FUEL INJECTION SYSTEM.

a. The Caterpillar scroll fuel injection pump is a system consisting of a Scroll injection pump, Governor and a Fuel ratio control assembly.

b. There are minor differences between the caterpillar system and the two previous systems discussed. Although they perform the same functions, they are located in different sequences.

a. Components of the system and how they function.

(1) Fuel tank – reservoir for the fuel, contains baffle plates, which strengthen the sides and the top of the tank.


(2) Primary Fuel filter. Located between the fuel pump and the hand-priming pump.


   (a) Functions under suction.


   (b) Removes large particles from the fuel that could damage the transfer pump.


(3) Hand Priming Pump. Located between the primary fuel filter and the fuel transfer pump. It is used to fill the system with fuel and remove air from fuel filters and lines up to the fuel injection pump housing. Primping pump operation are:

(a) Unlock priming pump handle and pull upwards. This will cause a negative pressure in the priming pump body.

(b) When the priming pump handle is drawn upwards the negative pressure it creates will open the left check valve in the body of the pump and draw fuel from the tank through the primary fuel filter into the priming pump body.

(c) Pushing down on the priming pump handle then closes the left check valve and opens the right check valve allowing the fuel to be sent through the fuel transfer pump to the secondary fuel filter and into the injection pumps fuel manifold.

(d) Once the fuel reaches the fuel manifold, the constant bleed valve will open and allow excess fuel pressure and trapped air to return to the fuel tank by way of a fuel return line.

(4) Fuel Transfer Pump. It is a piston pump that is moved by an eccentric cam on the camshaft for the fuel injection pump. The transfer pump is located on the bottom side of the fuel injection pump housing.

(a) When the fuel injection pump camshaft turns, the cam moves pushrod (1) and piston (2) down. As the piston moves down, inlet check valve (7) and outlet check valve (3) close.

(b) Pumping check valve (4) opens and allows fuel below the piston to move to the area above the piston. Pumping spring (5) is compressed as the piston is pushed down by pushrod (1).

(c) As the fuel injection pump camshaft continues to turn, the cam no longer puts force on pushrod (1). Pumping spring (5) now moves piston (2) up. This causes pumping check valve (4) to close.

(d) Inlet check valve (7) and outlet check valve (3) will open. As the piston moves up, the fuel in the area above the piston is pushed through the outlet check valve (3) and out pump outlet port (8).

(e) Fuel also moves through pump inlet port (6) and inlet check valve (7) to fill the area below piston (2). The pump is ready to start a new cycle.


(5) Secondary fuel filter. Located between the fuel transfer pump and the fuel injection pump manifold.



(a) Functions under pressure.



(b) Filters very small particles from the fuel that could cause damage to the fuel injection pump assembly and the fuel injectors.


(6) The constant bleed orifice. Lets a constant flow of fuel go through the injection pump manifold to the fuel return line and back to the tank. This helps to keep the fuel cool and free of air.


(7) The fuel injection pump manifold receives fuel from the secondary fuel filter. 



(a) The fuel manifold supplies fuel to the individual fuel injection pumps in the pump housing.


(8) Scroll Fuel Injection Pump. It increases the pressure of the fuel and sends an exact amount of fuel to the fuel injection nozzles. There is one injection pump for each cylinder of the engine. The pump operation is as follows:
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Fuel Injection Pump

(1) Check valve. (2) Inlet passage. (3) Fuel manifold. (4) Pump barrel. (5) Bypass closed port. (6) Pump plunger. (7) Slot. (8) Spring. (9) Scroll. (10) Spill port. (11) Lifter. (12) Fuel rack. (13) Gear. (14) Cam.



(a) The fuel injection pump is moved by cam (14) of the fuel pump camshaft. When the camshaft turns, the cam raises lifter (11) and the pump plunger (6) to the top of the stroke. The pump always makes a full stroke. As the camshaft turns farther, spring (8) returns the pump plunger and lifter to the bottom of the stroke.



(b) When the pump plunger is at the bottom of the stroke, fuel at transfer pump pressure goes into inlet passage (2), around pump barrel (4) and to bypass closed port (5). Fuel fills the area above the pump plunger.



(c) After the pump plunger begins the up stroke, fuel will be pushed out the bypass-closed port until the top of the pump plunger closes the port. As the pump plunger travels farther up, the pressure of the fuel increases. At approximately 100 psi, check valve (1) opens and lets fuel flow into the injection line to the fuel injection nozzle.



(d) When the pump plunger travels farther up, scroll (9) uncovers spill port (10). The fuel above the pump plunger goes through slot (7), along the edge of scroll (9) and out spill port (10) back to the fuel manifold (3). This is the end of the injection stroke. The pump plunger can have more travel up, but no more fuel will be sent to the injection nozzle. All of this motion is vertical motion (up and down) created by the injection pump camshaft to inject fuel.



(e) When the pump plunger travels down and uncovers bypass closed port (5), fuel begins to fill the area above the pump plunger again, and the pump is ready to begin another stroke.



(f) The amount of fuel the injection pump sends to the injection nozzle is changed by the rotation of the pump plunger. Gear (13) is attached to the pump plunger and is in mesh with fuel rack (12). The governor moves the fuel rack according to the fuel needs of the engine.



(g) When the governor moves the fuel rack, and the fuel rack turns the pump plunger, scroll (9) changes the distance the pump plunger pushes fuel between bypass closed port (5) and spill port (10) opening. The longer the distance from the top of the pump plunger to the point where scroll (9) uncovers spill port (10), the more fuel will be injected.



(h) To stop the engine, the pump plunger is rotated so that slot (7) on the pump plunger is in line with spill port (10). The fuel will now go out the spill port and not to the injection nozzle. The rotary motion of the fuel rack caused by the governor meters the amount of fuel to be injected.


(9) Governor. Controls the amount of fuel needed by the engine to maintain a desired rpm. Governor operation is explained below:
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Governor

(1) Governor spring. (2) Sleeve. (3) Valve. (4) Piston. (5) Governor servo. (6) Fuel rack

(7) Lever. (8) Flyweights. (9) Over fueling spring. (10) Riser. (11) Spring Seat. (12) Stop bolt. (13) Torque spring. (14) Power setting screw. (15) Torque rise setting screw. (16) Stop collar. (17) Stop bar.



(a) The governor flyweights (8) are driven directly by the fuel pump camshaft. Riser (10) is moved by the flyweights (8) and governor spring (1). Lever (7) connects the riser with sleeve (2), which is fastened to valve (3). Valve (3) is a part of governor servo (5) and moves piston (4) and the fuel rack (6). The fuel rack moves toward the front of the fuel pump housing (to the right in the illustration) when moved in the FUEL OFF direction.



(b) The force of governor spring (1) always pushes to give more fuel to the engine. The centrifugal (rotating) force of flyweights (8) always pushes to get a reduction of fuel to the engine. When these two forces are in balance (equal), the engine runs at a constant rpm.



(c) When the engine is started and the governor is at the low idle position, over fueling spring (9) moves the riser forward and gives an extra amount of fuel to the engine. When the engine has started and begins to run, the flyweight force becomes greater than the force of the over fueling spring. The riser moves to the rear and reduces the amount of fuel to the low idle requirement of the engine.



(d) When the governor control lever is moved to the high idle position, governor spring (1) is put in compression and pushes riser (10) toward the flyweights. When the riser moves forward, lever (7) moves sleeve (2) and valve (3) toward the rear. Valve (3) stops oil flow through governor servo (5) and the oil pressure moves piston (4) and the fuel rack to the rear. This increases the amount of fuel to the engine.



(e) As engine speed increases, the flyweight force increases and moves the riser toward the governor spring. When the riser moves to the rear, lever (7) move sleeve (2) and valve (3) forward. Valve (3) now directs oil pressure to the rear of piston (4) and moves the piston and fuel rack forward.



(f) This decreases the amount of fuel to the engine. When the flyweight force and the governor spring force become equal, the engine speed is constant and the engine runs at high idle rpm. High idle rpm is adjusted by the high idle adjustment screw. The adjustment screw limits the amount of compression of the governor spring.



(g) With the engine at high idle, when the load is increased, engine speed will decrease. Flyweights (8) move in and governor spring (1) pushes riser (10) forward and increases the amount of fuel to the engine. As the load is increased more, governor spring (1) pushes riser (10) farther forward. Spring seat (11) pulls on stop bolt (12). Stop collar (16) on the opposite end has power setting screw (14) and torque rise setting screw (15) that control the maximum amount of fuel rack travel.



(h) The power setting screw moves forward and makes contact with torque spring (13). This is the full load balance point.  If more load is added to the engine, engine speed will decrease and push riser (10) forward more. This will cause power-setting screw (14) to bend (deflect) torque spring (13) until torque rise setting screw (15) makes contact with stop bar (17). This is the point of maximum fuel to the engine.


10. Governor Servo. The governor servo gives hydraulic assistance to the mechanical governor force to move the fuel rack. The governor servo has a cylinder, cylinder sleeve, piston, and valve. How the governor servo assist the governor control engine speed:
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Governor Servo (fuel On Position)

(1) Valve. (2) Piston. (3) Cylinder. (4) Cylinder sleeve. (5) Fuel Rack. (A) Oil outlet. (B) Oil outlet. (C) Oil passage. (D) Oil passage.



(a) When the governor moves to the FUEL ON direction, valve (1) moves to the left. The valve opens oil outlet (B) and closes oil passage (D). Pressure oil from oil inlet (A) pushes piston (2) and fuel rack (5) to the left. Oil behind the piston goes through oil passage (C), along valve (1) and out oil outlet (B).
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Governor Servo (Balanced Position)

(1) Valve. (2) Piston. (3) Cylinder. (4) Cylinder sleeve. (5) Fuel Rack. (A) Oil outlet. (B) Oil outlet. (C) Oil passage. (D) Oil passage.



(b) When the governor spring and flyweight forces are balanced and the engine speed is constant, valve (1) stops moving. Pressure oil from oil inlet (A) pushes piston (2) until oil passage (C and D) are opened. Oil now flows through oil passage (D) along valve (1) and out through oil outlet (B). With no oil pressure on the piston, the piston and fuel rack (5) stop moving.
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Governor Servo (Fuel Off Position)

(1) Valve. (2) Piston. (3) Cylinder. (4) Cylinder sleeve. (5) Fuel Rack. (A) Oil outlet. (B) Oil outlet. (C) Oil passage. (D) Oil passage.



(c) When the governor moves in the Fuel Off direction, valve (1) moves to the right. The valve closes oil outlet (B) and opens oil passage (D). Pressure oil from oil inlet (A) is now on both sides of piston (2). The area of the piston is greater on the left side than on the right side of the piston. The force of the oil is also greater on the left side of the piston and moves the piston and fuel rack to the right.


11. Dashpot. The dashpot helps give the governor better speed control when there are sudden speed and load changes. The dashpot has cylinder (1), piston (2), dashpot spring (3), needle valve (5), and check valve (6). Piston (2) and spring seat (4), are fastened to dashpot spring (3). Illustration Below.



(a) When the governor moves toward fuel on, spring seat (4) and piston (2) move to the right. This movement pulls oil from the oil reservoir (7) through check valve (6) and into cylinder (1).
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(b) When the governor moves toward Fuel Off, spring seat (4) and piston (2) move to the left. This movement pushes oil out of cylinder (1), through needle valve (5) and into oil reservoir (7).

(c) If the governor movement is slow, the oil gives no restriction to the movement of the piston and spring seat. If the governor movement is fast in the Fuel Off direction, the needle valve gives a restriction to the oil and the piston and spring seat will move slowly.


12. Fuel Ratio Control. The fuel ratio control limits the amount of fuel to the cylinders during an increase of engine speed (acceleration) to reduce exhaust smoke.


13. Fuel Injection Nozzle. The injection nozzle goes through the cylinder head to the combustion chamber. The fuel injection pumps sends fuel with high pressure to the fuel injection nozzle were the fuel is made into a fine spray for good combustion.
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Fuel Injection Nozzle. (1) Carbon Dam. (2) Seal. (3) Passage. (4) Filter screen. (5) Orifice. (6) Valve. (7) Diameter. (8) Spring.



(a) Seal (2) goes against the cylinder head and prevents leakage of compression from the cylinder. Carbon Dam (1) keeps carbon out of the bore in the cylinder head for the nozzle.



(b) Fuel with high pressure from the fuel injection pump goes into the inlet passage. Fuel then goes through filter screen (4) and into passage (3) to the area below diameter (7) of valve (6). When the pressure of the fuel that pushes against diameter (7) becomes greater than the force of spring (8), valve (6) lifts up. This occurs when the fuel pressure goes above the valve opening pressure of the injection nozzle. When valve (6) lifts, the tip of the valve comes off the nozzle seat and fuel will go through orifices (5) into the combustion chamber.



(c) The injection of fuel continues until the pressure of fuel against diameter (7) becomes less than the force of spring (8). With less pressure against diameter (7), spring (8) pushes valve (6) against the nozzle seat and stops the flow of fuel to the combustion chamber.



(d) The fuel injection nozzle cannot be disassembled and no adjustments can be made.

5. UNIT TYPE FUEL INJECTOR.

a. The Unit Type Fuel Injector is a lightweight compact unit that enables quick, easy starting.

b. The function of the unit injector is to time injection, meter fuel in relation to load and speed, and pressurize and atomize fuel.

b. Injector construction and its functions.
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(1) Body provides a housing for the internal parts.

(2) Dowel pin properly locates the injector in the cylinder head.

(3) The follower is activated by the rocker arm to move the plunger down.

(4) Follower spring returns the follower and plunger to its original position once the rocker arm is in a neutral position.

(5) Internal fuel filter provides for final filtering of fuel.

c. Plunger and Bushing.

(1) Creates high pressure for injection.

(2) Plunger has upper and lower helixes for metering the fuel.

(3) Bushing has an upper port, lower port and bleed line.

(4) The plunger and bushing are a matched set and must be replaced as an assembly.

(5) The stop pin holds the follower in position.

(6) Injector control rack controls the amount of fuel injected. It is timed by the rack gear that is splined to the plunger.

(7) Gear retainer holds the rack gear in position on the plunger.

(8) Spill deflector helps to form the fuel supply chamber for the injector.

e. Check valve prevents cylinder compression from entering the injector in the event the spray tip valve does not seat properly.

f. Needle Valve and Spray Tip.

(1) The needle valve releases fuel to the spray tip.

(2) The spray tip sprays fuel into the combustion chamber in a fine mist.

(3) Both components must be replaced as a set.

d. Injector Operation.

 (1) Fuel under pressure enters the injector at the inlet side through a filter and cap.

(2) From the filter the fuel passes through the drilled passage into the supply chamber. This chamber is the area between the plunger bushing and the spill deflector, in addition to the area under the injector plunger within the bushing.

(3) The plunger operates up and down in the bushing, the bore of which is open to the fuel supply.

(4) The motion of the injector rocker arm is transmitted to the plunger by the follower.

(5) The plunger can be rotated by the gear that meshes with the control rack.

(6) Rotation of the plunger changes the relation of helixes to the two ports in the bushing.

(7) As the plunger moves downward a portion of the fuel under the plunger displaced into the supply chamber, through the lower port until the port is closed off by the lower end of the plunger.

(8) A portion of the fuel that is trapped below the plunger is forced up through a central passage in the plunger into the fuel metering recess.

(9) Fuel enters the supply chamber through the upper port until it is closed off by the upper helix of the plunger.

(10) With the upper and lower ports closed, fuel is pressurized by the downward movement of the plunger.

(11) When sufficient pressure is built up, the injection valve is lifted off of its seat and the fuel is forced through orifices in the tip into the combustion chamber in a fine mist.

h. The basic unit injector for the Caterpillar and Cummins engine application function in much the same way as the Detroit unit injector described above, although they may be constructed in the same manner described.
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