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Lesson Overview
The MBE 900 Lubrication System
(Graphx: LS_900_1.1, PPT 108, lubrication system diagram)

	(VO):
We will review the MBE 900 Lubrication System in this module; it’s components, their location and operation.  We will also look at oil specifications and types used in the MBE 900. This information is meant to give a better understanding of how the Lubrication System operates and how to contribute to longer engine life.

This lesson is intended to help you correctly diagnose problems and is to be used along with service manuals, bulletins and the latest service information.
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Introduction
(Graphx: LS_900_2.1, PPt 108 -lubrication system diagram - add callouts of major components.)

	(VO):
The MBE 900 Lubrication System serves two purposes.  The first and most important is to lubricate the engine, minimizing friction and wear.  The second is to help cool the engine by both the minimization of friction and the transfer of heat through the oil cooler.  As with the Fuel System, several major components make up the system.

Some key features of the 900 series lubrication system include an upright oil filter that uses a disposable element; internal galleries that are protected from damage; a robust gear-driven oil pump and in the six-cylinder EGR engines,  a centrifugal bypass filter.
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Lubricant Circuit
(Graphx: LS_900_3.1 - Service Manual, page 3-3, illustration 42433


	(VO):
The MBE 900 series engines have a force-feed lubricating oil circuit supplied by a gerotor oil pump.  The oil circuit is filled with a pressurized pre-oiler can J-45299 through a connection on the oil cooler.   
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Oil System Flow
(Graphx: LS_900_4.1 - animate PPT 108 high light flow areas flow per narration)


	(VO):
The gerotor oil pump draws the oil from the oil pan through the pickup tube.  It pushes the oil through an internal oil gallery to the oil cooler.   It travels from the cooler to the oil filter to the engine block.  The turbocharger’s oil supply comes from a preformed, dedicated line on the side of the oil filter.  

The main oil gallery, on the right side of the engine, supplies oil to the piston cooling nozzles, the crankshaft main journals, the rear cam bearing and the air compressor.  It also supplies oil to the secondary gallery on the left side of the engine.  The secondary gallery carries oil to the UP roller followers and to optional constant throttle valve.  Cam bearing one through six and the connecting rod journals get oil from the crankshaft main journals.
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Pre 2004 Oil Filter Assembly
(Graphx: LS_900_5.1 - PPT 89, Photo of housing, element and cap, auto tensioner)

(Graphx: LS_900_5.2 - PPT91, Diagram of top of oil filter showing bypass valve)

(Graphx: LS_900_5.3 - find or

SHOOT NEW PHOTO of oil filter housing on engine, highlight sensor)


	(VO):
The oil filter assembly on the pre 2004, 900 series engines, is a one-piece aluminum housing located on the right side of the engine in an upright position.  It uses a spin-on plastic cap.  The filter element is a 7-micron rated throwaway cartridge.  The top of the filter snaps into the cap.  There is a bypass valve at the top of the flow stem in the center of the housing.  An automatic tensioner is located on, and attached to, the bottom of the filter housing.  A combination oil pressure, temperature sensor is located on the left side of the oil filter housing.  

A drain back valve in the bottom of the housing opens to allow oil to drain back into the pan when the cap and filter are removed.  Once the filter is removed, do not try to fill the housing with oil.  It will only drain into the pan.  
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2004 Oil Filter Assembly

Cooler Plate
 (Graphx: LS_900_6.1 - PPt 90, oil filter & coolant plate)


	(VO):
The 2004 and after oil filter assembly is a one-piece, cast iron assembly that is integrated with a coolant intermediate plate.  It has a plastic spin-on cap and uses a throwaway element.  The coolant plate incorporates a preformed rubber seal for the water pump.  As with the pre-2004 filters, there is a bypass valve at the top of the flow stem in the center of the housing.



	7

The Oil Pump & Front Cover
(Graphx: LS_900_7.1 - PPt 99, front and of front cover, highlight crankshaft seal)


	(VO):
The oil pump is integrated into the engine’s cast aluminum, one piece, front cover.  The front cover also contains a front crankshaft seal and is dowelled to the front of the engine block.  There is no paper seal used between the block and the front cover.  An anaerobic seal of Loctite 574 is used instead.  The front of the oil pan is bolted to the bottom of the front cover.  Removal and installation of this front cover and the appropriate seals can be done in-vehicle.  Special tools are available for this purpose.

Oil from the pan enters the pump at the bottom and exits at the top.  
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The Oil Pump & Front
(Graphx: LS_900_8.1 - PPt 100, back of front cover highlight crankshaft seal, gerotor, relief valve)


	 (VO):
The oil pump is removable from the front cover but cannot be replaced separately from the cover.  If the pump is damaged or defective, the entire front cover and oil pump is replaced as a single assembly.  When installing the assembly onto the engine, the pump gear may have to be rotated to mesh with the crankshaft gear.  The oil pump incorporates a relief valve.
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The Oil Pump
(Graphx: LS_900_9.1 - PPt 101, internal workings of oil pump, highlight relief valve, bolt holes)


	(VO):
Six bolts are used to secure the oil pump to the front cover.  No gasket or sealer is used on the mating surfaces of the pump and front cover.  The relief valve, when opened by excessive pressure, allows the oil to recirculate to the intake side of the pump.  The opening pressure of the relief vale is 3 - 4 bar or 43.5 - 58.0 psi.
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The Oil Cooler Element
(Graphx: LS_900_10.1 - PPt 102, oil cooler element, highlight oil intake and outlet holes)


	(VO):
The oil cooler element is located on the right, front corner of the engine block.  It is a full flow element and has no bypass.   Oil enters the cooler directly from the pump through an internal engine gallery.  The cooler core is inside the engine water jacket and completely submerged in engine coolant, where heat from the oil transfers to the coolant and is dissipated through the cooling system.  Major engine failure that leaves metal debris will require the replacement of the cooler because the oil side of the cooler cannot be cleaned properly.  A paper gasket seals the mating surfaces between the cooler and the engine block. 
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The Oil Cooler Cover and Seal
(Graphx: LS_900_10.2 - PPt 101 Front and backside of the cooler, highlight rubber gasket)

(Graphx: LS_900_10.2 - Find or

SHOOT NEW PHOTOS of sensors for pre and post 2004)
	(VO):
The 2004 oil cooler cover is die-cast aluminum.  Holes around its perimeter are used to secure the cover and cooler to the engine while two holes on the centerline secure the cover to the cooler. 

Two large holes and two small ones are for oil flow into and out of the cooler.  Preformed rubber on the back, oil side of the cover seal the cover to the cooler.  Two removable plugs, oil in and oil out, on the outside of the cover, allow priming of the system after overhauling. 
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The Oil Pump Drive Gear
(Graphx: LS_900_12.1 - Service Manual, page 3-12, illustration 42445, highlight drive gear)

(Graphx: LS_900_12.2 - PPt 98, drive gear photo, highlight bevel)


	(VO):
The oil pump drive gear is located on the front of the crankshaft.  It’s only function is to drive the oil pump.  A hardened gear, it is not keyed or timed to the crankshaft.  The gear is locked to the shaft by an interference fit.  Removing and installing the gear requires heating, a puller to remove it and pressing to install it.  The flat side of the gear is installed toward the crankshaft journal.  The other side has a 15° bevel that is installed away from the crankshaft journals.
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Oil Spray Nozzle
(Graphx: LS_900_13.1 - PPt 105 Both kinds of piston cooling nozzles)


	(VO):
The oil spray nozzles serve two purposes.  They spray oil onto the underside of the pistons for both cooling and lubrication. Oil for the nozzles is supplied through the main internal oil gallery.

The original oil spray nozzle on the 900 series engines was bolted to the underside of the block with banjo bolts.  A dowel pin integrated into the spray nozzle body is used to position the nozzle.  The current nozzle is pressed into the underside of the block with a special tool.  Removal also requires another special tool.  Replacing press-in oil spray nozzles requires the removal of the crankshaft for proper alignment.  Once installed, there is no special tool for checking nozzle alignment or position. 
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Press in Piston Cooling Nozzles
(Graphx: LS_900_13.2 - PPt 106, piston cooling nozzle in engine)


	(VO):
A new piston-cooling nozzle presses into the underside of the engine block after removal of the crankshaft.  A slide hammer and hook are used to remove the nozzle.  Any of the nozzles must be replaced with new ones if they are questionable or have been removed from the engine for any reason.
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Centrifugal Oil Filter - Housing
(Graphx: LS_900_15.1 - PPt 95 photo of centrifugal housing on engine, highlight constant-throttle valve oil supply)


	(VO):
The centrifugal oil filter is standard equipment on the six-cylinder EGR engines.  The aluminum housing is bolted to the left side of the engine block with four bolts.  A one-piece preformed rubber gasket seals the housing to the block.  The optional constant-throttle valve is bolted to the outside face of the housing.  If there is no engine brake, a block off plate is used to seal the passages in the housing.  

The rotor, which traps soot and wear debris that become suspended in the engine oil, is located inside the removable plastic cap.  Maximum speed of the rotor is 8000 rpm and operating pressure varies between 1.5 bar to 6 bar or 21.7 to 87.0 psi.  The rotor will continue spinning, for a minute, after the engine is shut down.  It may be heard as it slows to a stop, this is a normal condition.  The rotor is replaced at every oil change. 
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Centrifugal Oil Filter Cap

Housing, Pressure Valve
(Graphx: LS_900_16.1 - PPt 96, centrifugal cap and housing, highlight bearings and relief hole, highlight  control valve and location on housing, highlight “legs” and center intake)


	(VO):
The centrifugal oil filter uses a parallel path that is not part of the main oil flow.  Only a portion of the oil flow passes through the centrifugal filter at any specific time, but all the oil passes through this filter at some point.

Centered in the top of the cap and the housing are rotor-shaft bearings.  A relief hole is located off center in the housing.  If pressure exceeds 6 bar or 87 psi, oil escapes through this hole.  

A control valve is located on the side of the housing.  It is composed of a stop pin, a spring and a plug.  

The rotor is a canister arrangement in which the oil enters at the center and exits through the outer legs at the bottom.
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Centrifugal Oil Filter

Oil Supply
(Graphx: LS_900_17.1 - PPt 97, underside of the engine showing the steel line with highlight)


	An oil gallery at the front of the engine supplies oil for the centrifugal filter.  A preformed steel line carries the oil from that gallery to another gallery on the left side that delivers the oil to the centrifugal rotor.
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The Oil Pan
(Graphx: LS_900_18.1 - PPt 107, pan)


	There are two types of oil pan on the 900 series engines.  A cast aluminum pan is used before 2004.  A die-cast aluminum pan is used in 2004 and after.  A one-piece paper gasket is used to seal both.  An optional oil level sensor can be fitted to both versions.  The capacity of the four-cylinder engines is 16 liters or 17 quarts.  The six-cylinder engines have a 24.5 liters or 26-quart capacity. 
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Service Issues
(Graphx: LS_900_19.1 - Service Manual, page 7, illustration 42840)


	TBD  This scene was never addressed


	20

Oil Specifications and Types
(Graphx: LS_900_20.1 – graphic of API lubricant service mark.  See MBE4000 Engine Operators Guide, Pg. 54/Figure 26)

	(VO):
  The use of non-approved engine oils could cause engine damage and affect warranty rights.  Multigrade oils of the American Petroleum Institute service designation CI-4 are required for EGR engines, while Pre-EGR engines can use CI-4 or CH-4.  API service marks are printed on the containers.  Using oil of the correct viscosity and service designation is important to assuring long and trouble-free service.

Always keep complete records of oil and filter changes, noting brands, mileage, quality categories and viscosities.  Top off when necessary with the same products.  These records will be helpful when topping off becomes necessary.  

Synthetic oils, though more costly, may be used in MBE 900 engines.  Correct API designation and SAE viscosity ratings apply as with non-synthetic oils.  Synthetic oils have improved low-temperature flow properties and better resistance to oxidation at high temperatures.  Oil change service intervals are the same for both synthetic and non-synthetic oils.
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Oil Viscosity
(Graphx: LS_900_21.1 – Chart of Engine oil temperature ranges.  See MBE900 Engine Operators Guide, Pg. 59/Figure 27)


	(VO):
  Viscosity is defined as the thickness or stickiness of a fluid.  Most people are familiar with the Viscosity Ratings of oil such as 10W40.  Few know that the "W" refers to "winter," not "weight."  Low-viscosity oils flow better than high-viscosity ones. Since the viscosity of any oil changes with temperature, the higher the temperature the lower the viscosity.  Multigrade oils typically begin as base oils, such as 10W, then viscosity-index modifiers (polymers) are added in an effort to stabilize the viscosity. This allows a 10W40 oil to flow like a 10W at cold temperatures and a 40W at higher temperatures.

When changing oil, it is important to anticipate the interval before the next change and the temperatures likely to be encountered during that time.  

Always refer to your Service Manual and Operator’s Guide for the correct oil recommendations and service intervals.
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Troubleshooting Tips

	(VO):
The causes of low oil pressure include, but are not limited to:

· Low oil levels 

· Defective oil pressure guage

· Defective oil pressure sensor 

· Improper Oil Filter Element

· Contaminated oil 

· Damage to the oil pump

· Damaged or frozen pressure relief valve

· Plugged oil filter

· Excessive bearing wear/clearance

· Cracked block or head

High oil temperatures can be caused by:

· Oil cooler problem

· Air in the oil

· Low oil levels

· Higher than normal engine load

· Failed components

· Coolant system problems

Blue exhaust smoke can be caused by:

· Damaged or leaking turbocharger

· Damaged or worn exhaust valve stems or seals

· Damaged or worn piston rings

· Oil level too high

· Cracked head or block
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Maintenance: Best Practices
Graphx: LS_900_25.1 - PPt slides 184, 185, 186 & 187)
	This scene was never addressed
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