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Lesson Overview

(Graphx: FS_9000_1.1, PPt slides 125-142, use various shots from these slides in a collage of the fuel system components)
	(VO):
In this module we will review the MBE 900 Fuel System, its components, their location and operation.  We will also briefly look at engine function sensors and their location.

This information is meant to give a better understanding of how the Fuel System operates.

It is intended to help correctly diagnose problems and to be used along with service manuals, bulletins and the latest service information.
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The MBE 900 Fuel System - Introduction
(Graphx: FS_900_2.1 - PPt slide 143, fuel flow diagram - animate)
	(VO): The MBE 900 fuel system for both EGR and Pre-EGR engines, simply stated, is designed to efficiently bring fuel from the fuel tank to the combustion chambers.  Each cylinder has a separate Electronic Unit Pump (EUP), which is attached to the engine block and driven by the camshaft.  The EUPs pump fuel at high-pressure through jumper lines into the injectors.
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Priming the Fuel System
· Crank the engine for no more than 30 seconds.

· Wait two minutes if the engine does not start.

· Crank the engine again for no more than 30 seconds

· Repeat this procedure. The engine should start within six attempts.

· If the engine does not start, fuel pressure should be tested, lines bled of any air and/or other causes investigated.


	(VO):
The fuel system must be free of leaks and all high and low-pressure lines and banjo bolts securely tightened to technical specification before priming. (Refer to your service manual for proper torque specifications.)  

Crank the engine for no more than 30 seconds.

Wait two minutes if the engine does not start.

Crank the engine again for no more than 30 seconds

Repeat this procedure. The engine should start within four attempts.  Once the engine is started, check the fuel system for leaks and take appropriate action. 

If the engine does not start, fuel pressure should be tested, lines bled of any air and/or other causes investigated, then the system can be primed again using this approved method.

Refer to you Service Manual for fuel pressure testing procedures.
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Fuel flow

(Graphx: FS_900_4.1 - Fuel System animation steps through flow per narration up to injector nozzles)


	(VO):  The fuel pump pulls fuel under moderate pressure from the fuel tank through fuel lines into the prefilter.  From the prefilter, it passes through an external hose to the pump itself.  It flows through the pump into an internal gallery in the engine block and into the main filter.  It then runs through the main gallery past the fuel temperature sensor in the engine block to the Electronic Injector Pumps (EUPs).  

The EUPs supply fuel at high-pressure to the injector nozzles through short high-pressure jumper lines.   A lower fuel gallery in the engine block that passes through the middle of the EUPs acts as a fuel return.  The fuel supply and return galleries are connected by a passage at the rear of the engine block.

An overflow valve on the return gallery maintains proper fuel pressure and allows excess fuel to bleed off into an external hose.  A leak-off gallery is also connected to this hose by a banjo bolt.  Any fuel leak-off that occurs between the nozzles and the transfer tubes is returned to an external hose.  This hose is connected to the underside of the fuel filter housing and then goes back to the fuel tank.    
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(Graphx: FS_900_5.1 - PPt slide 125, shot of IUPs and HP lines on engine)
	(VO):
One EUP, one high-pressure line and one injection nozzle deliver fuel to each cylinder.  The EUPs and injector nozzles are internal to the engine and will be discussed later.
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Components - 

Fuel Filter Housing

Elements and Specifications

(Graphx: FS_900_6_1 - PPt 126, fuel filter on engine)
	(VO):
The fuel filter is bolted to the left, front corner of the engine.  It is a one piece, aluminum housing with a smaller pre-filter and a main filter.  One-way valves are used on both the inlet and outlet fittings of the filter.  This allows fuel to flow when fuel lines are connected, but does not allow the filter to drain when they are not.  These fittings require a special barred fitting on the hoses to open them.
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Fuel Filters

(Graphx: FS_900_7_1 - PPt 127, cutaway illustration of fuel filter on engine)
	(VO):
The main fuel filter is installed in the filter housing over the fuel stem.  It has a built-in seal on the bottom to keep filtered fuel from draining back through the drain-back holes to the fuel return and the fuel tank.

This seal, and its correct installation, is critical to the proper functioning of the fuel system.



	8

(Graphx: FS_900_8_1 - PPt 128, fuel filter components displayed)


	(VO):
 The fuel filter housing components include a prefilter and prefilter cap, a plastic check ball inside the bottom of the prefilter housing, a sediment bowl, the main filter and the main filter cap.

Unscrewing their respective caps accesses both filters.  The main filter is attached to its cap and is removed as one assembly.  When replacing the main filter, the cap is

rotated counterclockwise to engage the first threads.  The cap is then rotated clockwise to seat the assembly.  This procedure is important in order to avoid cross threading the cap on the housing.  Always clean the dirt collector and cap, and replace the cap’s O-ring when changing the filter.  The prefilter can be cleaned and reused if undamaged.  The O-ring on the prefilter cap need not be replaced if it is in good condition.
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(Graphx: FS_900_9_1 - PPt 129, fuel filter element)


	(VO):
The two filter elements are vastly different from one another.  The prefilter element is much smaller and more of a strainer at 300 microns than a filter.  The main filter is a 5-micron element.  The top of the filter snaps into the cap.
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(Graphx: FS_900_10_1 - PPt 130, pressure relief valve)
	(VO):
A pressure relief or overflow valve is located in the fuel return gallery.  This valve maintains fuel pressure in the gallery at 4.5 bar or 62.5 psi.  On the 904 engines this valve is located between EUPs 3 and 4.  It is replaceable only and cannot be serviced or adjusted.
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Deleted
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Electronic Unit Pumps (EUPs)

(Graphx: FS_900_12_1 - Electronic Unit Pump Animation -“pump3” from File <8886 2004 EGR MBE-900-920 Overhaul ONHIGHWAY Note Pages>)


	(VO):
The EUPs push the fuel at high pressure into the injector nozzles that deliver it to the combustion chambers.   The control valve is electronically controlled by the ECU while the camshaft mechanically drives the unit pump plunger.  The valve body is normally open, but when energized, a magnetic field closes the valve forcing fuel to the injector nozzle, then into the engine.  The EUPs generate high injection pressure that is proportional to the speed of the engine.

  

	13

(Graphx: FS_900_13_1 - PPt 132, Photo EUP)
	(VO):
Three O-rings seal the EUPs.  The smaller one seals the fuel inlet standpipe to the fuel inlet gallery on the engine block.  The two larger ones seal the fuel return gallery in the engine block.  The pump plungers are made of titanium nitrite. 
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(Graphx: FS_900_14_1 - PPt 133, EUP identification)
	(VO):
An identification tag is attached to the side of the EUPs.  When an EUP is replaced, a 14-digit calibration code that is located on this tag must be input in its entirety.  Calibration code input is available with the Minidag 2.99 and the DDDL 6.1. There is one part number for all power ranges.
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(Graphx: FS_900_15_1 - PPt 146, EUP diagram)
	(VO):
  When servicing the EUPs, if they are difficult to remove from the engine, do NOT pry them out.  To avoid damaging the pumps, use the special extractor tool, J-46375, to remove them.  If damaged or worn, the EUPs should be replaced.  They are not serviceable.  All three O-rings are replaced with new ones whenever the EUPs are removed from the engine for any reason.  A special tool is available to assist in the installation of the larger O-rings.  Always lubricate the EUP bores and shafts with grease before reinstalling them.
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EUP Phases

(Graphx: FS_900_16.1 – animation <mbetiming> on CD - “8886 204 EGR-900-920 Overhaul on highway note pages”) This animation is for the 900 series but is the same as the 4000 in function.


	(VO):
There are four phases to the EUP fuel delivery operation: 

· The suction stroke

· The pre-stroke

· The delivery stroke and

· The residual stroke
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Suction Stroke

(Graphx: FS_900_17.1 – animation <mbetiming> on CD - “8886 204 EGR-900-920 Overhaul on highway note pages”)  Slomo Suction Stroke


	(VO):
The Suction Stroke… occurs after the roller tappet is over the camshaft lobe causing the plunger to recede in the shaft.  Fuel is then drawn deeply into the high-pressure chamber, cooling and lubricating it, while at the same time the control valve opens.
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Pre-Stroke

(FS_4000_18.1 - Slomo Pre-stroke in animation above)


	The Pre-Stroke… begins as the camshaft pushes the plunger upward.  The control valve is still open allowing excess fuel from the suction stroke out into the return gallery.
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Delivery Stroke

(FS_900_19.1 - Slomo Delivery Stroke in animation above)
	(VO):
In the Delivery Stroke… the plunger continues its upward stroke increasing the fuel pressure and pushing it out the return.  At precisely the right time, the ECU energizes the solenoid, which closes the control valve sealing off the return port.  Fuel is then forced out of the EUP and into the combustion chamber through the high-pressure jumper lines, the delivery pipe and finally the injectors.  Injection continues until near the end of the full load cam stroke.
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Residual Stroke

(FS_900_20.1 - Slomo Residual Stroke in animation above)


	The Residual Stroke… begins as the roller tappet starts moving over the cam lobe.  The solenoid shuts down, opening the control valve and allowing residual hot fuel out of the high-pressure chamber, which in turn, stops fuel injection into the engine.  As the roller tappet crosses the high point of the cam lobe, the plunger begins to recede beginning the suction stroke again.  
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Injectors

(Graphx: FS_900_21_1 - PPt 135, Injector components)
	(VO):
Injector components include the injection nozzle, a thrust nut, delivery pipe, tensioning arm and a retaining bolt.  Pre 2004 injection nozzles were manufactured by Bosch and incorporated an indexing ball to locate and lock the tube in the cylinder head. 
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Injector Nozzle

(Graphx: FS_900_22_1 - PPt 134, Injection nozzle, delivery pipe)
	(VO):
In 2004 and after, KS became the manufacturer, particulate matter was brought within prescribed limits and the indexing ball was discarded.  Other nozzle changes included the increase of holes in the tip from six to seven and their geometry, as well as a change in the heat isolator.  These nozzles are not serviceable and must be replaced when damaged or malfunctioning.  In addition, opening pressure of the nozzles cannot be checked. 
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Nozzles with Internal Filters

(Graphx: FS_900_23_1 - PPt 136, Delivery pipe cutaway)


	(VO): Internal filters or shredders that are incorporated in some delivery tubes cannot be cleaned or removed.  These tubes can crack or split easily when over-torqued.  A split or cracked tube will cause engine missing.  Three or more cracked delivery tubes can cause a no-start condition.
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Injector

Nozzle Compression Seals

(Graphx: FS_900_24_1 - PPt 137, Nozzle compression seal variation)
	(VO):
There have been three nozzle injector seal variations over the years.  The first uses a washer with a recessed side that is oriented so the recess is pointed toward the top of the nozzle.  The recess reduces clamp load on the protective sleeve after torquing.  

The second variation has an integrated, one-piece seal and protective sleeve that reduces tip temperatures.  

The third variation matches the second design except for the removal of a 1 to 2 mm portion of material from the small end of the isolator.  This increases tip temperatures slightly, reducing corrosion due to cold tip temperatures and high-sulphur fuel.  

The second and third design variation isolators can be removed with pliers but installation requires a special tool, J- 46384 or J-46393, depending on the variation. 
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Injector Tubes

(Graphx: FS_900_25_1 - PPt 136, Protective sleeve, injector tube)

Could not find installation tool in any information I have, including a list of tools that Moses provided
	(VO):
The protective sleeve or injector tube has had two design variations.  The first design has a smaller hole in the threaded portion than the second design.  The threaded portion of the sleeve comes in two different diameters to accommodate the changes in the compression seals.  They thread into two different cylinder heads depending on the injector cup, nozzle combination.  A groove in the cylinder head accommodates the O-ring, which seals the coolant that surrounds the sleeve.  

When installing the sleeves, the non-threaded portion is coated with non-acidic grease such as Vaseline.  A special tool, J-46381, is required for removal of the sleeves while another, J - ?, is required for installation.  The engine coolant must be drained to service the sleeves. The threaded portion of the sleeve is installed dry, metal-to-metal with the cylinder head.
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Injector Pipes

(Graphx: FS_900_26_1 - PPt 139, Injection Pipe)

(Graphx: FS_900_26_2 - PPt 147, Injection Pipe)
	(VO):
The injection pipes are preformed, high-pressure, steel lines that connect one EUP to one injector for each cylinder.  The preformed curl in the pipe is installed so that the curl points to the rear of the engine.  They can be installed with the curl pointed toward the front of the engine but this will obstruct seating the EUP cover.  

The injection pipes can be reused, if removed, but should be replaced if they leak after reinstallation.  Over-torquing can also restrict fuel flow and cause EUP failure. 
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Fuel Pump

(Graphx: FS_900_27_1 - PPt 25, Engine shot w/ location of fuel pump)

(Graphx: FS_900_27_2 - PPt 142, fuel pump)


	(VO):
The fuel pump is bolted to the right front of the engine.  A steel gasket is used between the fuel pump and the engine block mating surfaces.  Fuel is supplied to the pump by an external line on the left side and exits into the engine block gallery from the top.

The fuel pump operates off a dogleg driven by a pin on the camshaft.  The camshaft pin and dogleg are lubricated from the camshaft journal and bearing.  The groove at the bottom of the pump is a drain-back for lubricating oil to return to the engine.
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(Graphx: FS_900_28_1 - PPt 143, fuel pump)
	(VO):
The fuel pump is gear-driven and not serviceable.  A built-in pressure-check valve allows fuel to bypass the pump when priming the system.  A high-pressure limiting valve also built into the pump prevents pressure from rising above 9.17 bar or 133 psi.  
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FUEL


	VO):
The MBE 900 uses only commercially available diesel fuel.  Marine diesel, heating oil or other kinds of fuel are not acceptable.  Fuel additives are not recommended and could affect the warranty.  

Fuel added from cans or drums could be contaminated and cause fuel system or engine malfunction.  Filtering all fuel is recommended before adding it to the tank.

When using commercial diesel fuel with a sulphur content exceeding 0.5% by weight, the engine oil should be changed at shorter intervals.  
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FUEL: Winter Temperatures 
	Winter temperatures may cause separation of the paraffin from the diesel fuel causing flow problems such as blocked filters.   This can be avoided by using cold resistant, winter-grade diesel fuel with improved low-temperature flow characteristics.  
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FUEL: Flow Improvers
	(VO):
Flow improvers such as kerosene can also be added to diesel fuel.  The amount needed depends on the temperature.  The addition of 5% kerosene by volume will increase the fuel’s resistance to cold by 1°C or 1.8°F.  

The volume of kerosene added should be kept to a minimum never exceeding more than 50% of the total.  When kerosene is used, it should be put in the tank first and the diesel fuel added to it.  Flow improvers such as kerosene must be added to the fuel before paraffin separation takes place.  If separation has already happened, only the warming of the entire system will correct the problem.

Flow improvers should never be added to winter-grade, cold-resistant fuels as they could actually cause deterioration of the fuel’s low-temperature flow characteristics.
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Sensors

(Graphx: FS_900_32_1 - PPt 196, sensors with callouts that build per narration)

(Graphx: FS_900_32_2 - PPt 197, sensors with callouts that build per narration)
	(VO):
The MBE 900 utilizes nine sensing units for various engine control functions.  They are:

The Engine Coolant Temperature Sensor

The Fuel Temperature Sensor

The Atmospheric Pressure Sensor

The Crankshaft Position Sensor

The Camshaft Position Sensor 

The Turbo Boost and Inlet Temperature Sensor

The Oil Pressure Sensor

The Oil Temperature Sensor

and 

The EGR Temperature Sensor

All sensors should be handled with extreme care.  They are relatively delicate instruments critical to the proper functioning of the engine.  
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Service Issues


	TBD
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Troubleshooting Tips

(Graphx: FS_900_34_1 - PPt 153, 

Troubleshooting slide)

(Graphx: FS_900_34_2 - PPt 154, 

Troubleshooting slide)
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Fuel Filters

Maintenance Intervals

(Graphx: FS_900_35_1 - PPt 187, fuel filter Maintenance Intervals)
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