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	TYPICAL CUSTOMERS
Off Highway 
	WORK TYPE
Engine Extended  Oil Drain Interval
	WORK ACTIVITY (Description)
Steps to properly extend the oil drain interval for engines in Off Highway operations.
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	PLEASE UTLIZE ATTCHED GENERAL JSA AS GUIDANCE AND, IF YOU HAVE DONE A SITE SPECIFIC JSA.
http://intratta.na.xom.com/emdn/sbps/docs/safety/jsa/JSA_Mobile_Equipment_Inspection.xls
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CHECK WITH CUSTOMER : OK TO USE OWN TOOLS OR  MUST BE CUSTOMERS
                                              
	     ENGINEERING BENEFIT PROPOSAL
     PROTOCOL FOR DIESEL ENGINE OIL DRAIN INTERVAL 
     SERVICE REPORT (Monitoring).
     OIL ANALYSIS REPORT (SIGNUM).
     SERVICE INSPECTION REPORT.
     MEETING DOCUMENTATION.
    FINAL - ENGINEERING BENEFIT REPORT (ESR) WITH TOTAL COST of OWNERSHIP (TCO) SAVINGS
OTHER (SPECIFY)    
    PRESENTATION WITH RESULTS AND TCO

	TIME ESTIMATED TO COMPLETE THIS TASK                                                                   NUMBER OF PEOPLE TO PERFORM THIS TASK
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	FREQUENCY TO PERFORM THIS TASK                                                                            SKLLS REQUIREED TO PERFORM THIS TASK                                                                      

	DEPENDS ON CUSTOMER COMMITMENTS, USUALLY 1 TIME PER 2 OR 3 YEAR FOR PROCESS SECTION – ALSO DEPENDING ON CHANGES TO FLEET EQUPMENT MIX AND OR DUTY CYCLE 
	    MECHANICAL APPTITUDE, 
    PRODUCT KNOWLEDGE
    ENGINES, OFFHIGHWAY EQUIPMENT FAMILY, lms
    UOA INTERPRETACION SKILLS; 
    FIELD CONDITIONS INTERPRETATIONS
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    ENGINE PART INSPECTION
    FAILURE ANALYSIS 
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	PRODUCT SELECTION – ENGINE APPLICATION.
OFFER EXECUTION - BASIC OFFER EXECTUION – ENGINE INSPECTIONS – 
ENGINE TECHNOLOGY

	   PRODUCT KNOWLEDGE AND RECOMMENDATIONS
  EQUIPMENT APPLICATION (ENGINES)
  TROUBLE SHOOTING PROBLEMS/FAILURE ANALYSIS
  ENGINE INSPECTIONS (MID LIFE OR OVERHAUL).
  USED OIL ANALYSIS INTERPRETATION.
  FILTER ANALYSIS
  ENGINE TECHNOLOGY (IMPACT TO DUTY CYCLE, ENGINE AND OIL, I.E. TIER III VS TIER IV COMPLIANT ENGINES 
  SITE SPECIFIC SAFETY TRAINING


	OTHER RESOURCES REQUIRED OR SUPPORT
	

	  TECHNICAL HELP DESK (tsc.amerias@exxonmobil.com) 
  www.mobilindustrial.com
  www.looble.com
 INSIDE SALES
	  LTS (LUBRICANT TECHNICAL SUPPORT)








PURPOSE - To describe the process to extend the oil drain intervals (ODI) for diesel engines used in Off Highway applications, providing value to the customer by improving the availability of the equipment. 

External Offer Sheet:  Placeholder
Internal Offer Sheet:  Placeholder

INTRODUCTION
This guide is based on experiences of using Mobil Delvac engine oils in applications where it was desired to demonstrate the superior performance of the oil and or to optimize oil the drain intervals.

The commitment required by ExxonMobil and the customer's staff should not be underestimated. It is therefore imperative that proper planning and identification of the expected outcome, risks and impact on the Total Cost of Ownership, for both ExxonMobil and the customer, is completed before starting any field test.

These   are   suggested guidelines   that   can be adapted as needed in conjunction with your local Field Engineering Support team.

	LOCATION
	JOB STEPS

	Early stages at customer site and home office


	Collect baseline data:
· Conduct a feasibility analysis using existing used oil analysis data, where available, to assess the capability to extend current oil drain intervals; this should be aligned to extend the entire preventative maintenance activates (typically not beneficial to extend the engine oil drain interval if other non-lube activities can not be extended)
· Understand fleet duty cycle
· Understand the engine/machine technology used (i.e. Tier III VS Tier IV based fleet). 
· Understand applications the fleet is operating under
· Collect the predominant equipment and engine make and models being used.
· See Appendix 1 - BASELINE DATA 

	Home office and Customer 
	Prepare a Benefits Proposal for ODI Extension.
· Using the information gathered to build the baseline and considering the identified needs of the customer establish the value of the benefits for the customer.
· Create the initial engineering benefit proposal explaining the estimated value for the customer
· Present to the customer and builder and get an acceptance
· See Appendix 2 - TARGETING DRAIN OIL INTERVALS  and Appendix 3 -  EXTENDING DRAIN OIL INTERVALS

	Home office and Customer
	Build agreement and teamwork with all stakeholders
· Ask the customer for the person or persons who will support the test
· Work with the builder to have a consultant from their side who could 
· participate.
· Engage the required ExxonMobil Personnel (Sales Engineer, Lab Personnel, EB Engineer, management)

	Home office and Customer


	Formalize the field test protocol:
· Include at a minimum the duration, goals/objectives, sampling procedure and definition of a successful test, responsibilities, indicators and limits.      
· Think through the field test with a mind to safety, your safety and that of your customer and their staff.  Follow all Safety items as detailed in applicable JSA’s
· See  Appendix 4 - OIL SAMPLES and  Appendix 5 USED OIL MONITORING 

	Home office and Customer


	Select vehicles for trial
· All vehicles used in the trial shall have similar engine hours and have all recently entered service or been overhauled, up to 4500 hours
· A minimum of five (5) matched test vehicles is recommended.  There is no maximum number of vehicles that could be included in a trial.
· Vehicles not representative of the average duty cycle of the fleet, operating under excessive/or light loads or with high amounts of idle time, should be avoided. 
· See Appendix 6 - VEHICLE SELECTION & RECORDS KEEPING 

	Home office and Customer


	Brief all those involved in the trial 
· Be sure that a MoC process is conducted to have all personnel in the customer aware of the trial
· Include in the MoC Periodical communications on the scope and the results of the trial

	Home office and Customer

	Conduct and monitor the trial, leveraging a Used Oil Analysis Program and Engine Inspections
See  Appendix 3 -  EXTENDING DRAIN OIL INTERVALS 

	Home office and Customer

	Collate and report the findings
· Document results of tests
· Document recommendations
· Document TCO benefits
· See Appendix 7 for a  Model Report on Oil Drain Interval 
· See  Appendix 8 for a Presentation with an overview on oil drain extensions extension 

	Home office and Customer

	Monitor the capability of the fleet to sustain the targeted oil drain intervals:
· Review the fleet’s duty cycle and mix of equipment to ensure that the testing is representative of the fleet at minimum annually, and or when fleet profile changes significantly to impact the capability to sustain oil drain intervals
· Conduct formal Used Oil Analysis summary report annually




DOCUMENTING YOUR WORK - The Oil Drain Interval procedure is used enhance the productivity of the customers by increasing the availability of the equipment and reducing the expenses related with the change of the engine oil.  This activity requires developing an initial Engineering Benefit Proposal (EBP) and after study should produce an Engineering Benefit Report (ERP).  This two phase documentation will highlight value to the customer in terms of Productivity, Safety and Sustainability to support the general Marketing Offer.

TCO calculations that apply 

TCO calculations that may apply are Expenditures Reduction, Process Improvement, and Revenue
Enhancement and Asset Improvement as detailed below.  The TCO Worksheets are the preferred format to include in your report.  .

Expenditure Reduction - reduced lubricant purchase costs are typical expenditure savings. These result from the offset of extending oil drain intervals from the previous lube against the increased price of Mobil premium and flagship products. This also could allow the customer to plan for overhauls during a planned outage instead of an emergency shutdown.  Other expenditure reduction comes from disposal costs of used engine oil.  Find out how much the unit cost of disposal is and use the consumption on an annual basis.  Make sure to factor in the reduced usage with Mobil premium and flagship products as they apply or have applied in time. In addition, fuel usage should be less when using Mobil Delvac 1 Synthetic Oils. 

Process Improvement - the hourly wages (including burden) for personnel to perform existing tasks.  As lubricant change outs are reduced, use these to determine process improvements.  As lubricant usage is reduced, use the time to handle drums and the time to dispose of used lube to determine process improvements.

Revenue Enhancement - any serious abnormal engine system or lubricant condition observed may be repaired during normal maintenance and reduce the potential for downtime.  “Unscheduled Downtime”, resulting in lost production and most often, scrapped parts or material.  

Asset Improvement - use the customers "cost to carry" (usually 20%) inventories. This is used from the Expenditures components for example, as you reduce the quantity of lube needed, take that amount cost and multiply by the "cost to carry" to determine the Asset value.


Appendices 

1. Baseline Data		
2. Targeting Drain Oil Intervals 
3. Extending Drain Oil Intervals       
4. Oil Samples  
5. Used Oil Monitoring
6. Vehicle Selection and Record Keeping
7. Model Report
8. Overview on oil drain extensions extension	
9. Engine Inspections Information


           










Appendices

[bookmark: AP1]Appendix 1 - BASELINE DATA

Obtain and record for each vehicle involved in the test:
· Vehicle type, application and duty cycle
· Vehicle identification/registration number 
· Engine type, make, model
· Engine configuration and serial number 
· Engine power rating
· Engine sump size and filtration details
· Total Engine Hours
· Hours since last Overhaul
· Average annual hours of operation
· Air Filters type, make, model
· Oil filters type, make, model
· Oil pressure
· Real consumption of oil (Changes / Top-Off) 
· Real consumption of fuel
· Filter service intervals.  Filter supplier should make the final service recommendation 
· Oil sampling method and frequency (Best Practice: engine oil sampling valve)
· Engine Oil Leaks 
· Engine / Oil / Coolant temperature record 
· Conduct a formal review of the UOA history 
· Collect data about recent problems in the fleet 
· Records of fuel quality



[bookmark: AP2]Appendix 2 - TARGETING DRAIN OIL INTERVALS 

Many engine builders have their own guidelines for running field trials and these should be sought out and adopted as the case may be. If the  trial is likely to take the unit outside of  the operating and or service  parameters specified  to  by  the  builder   then  consultation  with  the   builder  or  their authorized representative is essential prior to starting the  trial to avoid any conflict in terms of warranty ownership.

Agree upon a realistic oil drain interval with the customer. The final target oil drain interval should be based upon the following parameters:

· OEM recommendations: consultation with the   builder or their authorized representative is essential prior to starting the trial.
· Customer requirements: due to production constrains or equipment availability the customer would desire to optimize or extend the ODI recommended by the OEM.
· Type of Maintenance: errors and omissions in routine preventive maintenance practices will affect oil condition, resulting in increased engine wear.
· Application: Environmental and operational factors (% idling, slopes, altitude, consumption, etc.). that contribute directly to increased wear and/or oil condition degradation.
· External Contamination: Fuel, water, glycol or anything else getting into the engine lubricating system from the outside, accelerating wear.
· Fuel quality.

[bookmark: AP3]Appendix 3 - EXTENDING DRAIN OIL INTERVALS 

Next recommendations are based on ExxonMobil experience and having on account the guidelines of some OEMs to extend the drain oil intervals:

· Proceed beyond the manufacturer's recommended oil change period cautiously in incremental steps of at most 20% of the period recommended by the manufacturer (R). This incremental period is called XODI in the chart below.
· Determine that wear rates and oil condition are satisfactory at the R interval. 
· Extend from the R recommended period to 1.2 x R hours.
· Stay with a 1.2 x R period for at least 3 changes and closely monitor the Used Oil Analysis.
· If the wear rates and the Oil condition is OK proceed again increasing the drain interval at most 20% of the period recommended by the manufacturer (R).
· Consult Field Engineering Supervisor / Field Engineering Advisor for their approval

The chart below presents the process to extend the drain oil intervals according with information presented above. This chart is a guide and permanent evaluation of the conditions of the equipment, the oil and the operation should be performed during all the process.

[image: ]Oil Drain Interval Optimization Process 
 

[bookmark: AP4]Appendix 4 - OIL SAMPLES  


There are three categories of oil samples involved in evaluating an oil change interval:

1. Baseline Samples: These are the samples taken before to start the ODI extension process. This determines the current conditions of the engines and mainly the baseline to compare future results.

2. Samples at increased Intervals (XODI in the chart above): Taking samples at less than the recommended oil change interval is essential to monitoring the oil degradation process. This will allow you to determine a trend line for wear accumulation and any external contamination entry. 

3. Samples at Oil Change: Test results from the samples taken at the time of each oil change will indicate the final levels of oil degradation and wear accumulation. These results, along with the shortened interval sample results, will be evaluated to establish the optimal oil change interval for the engine. 

See in the next chart an example on when to take each one of the samples in a case of engines with a 250-hour drain interval where we want to extend it up to 400 hours:

[image: ]
[bookmark: AP5]Appendix 5 - USED OIL MONITORING 

Used oil condition monitoring is an essential component of the process.  The greater the severity of the trial, the greater the need to maintain a rigorous oil monitoring regimen.

An approved ExxonMobil Used Oil Analysis laboratory should be used to analysis the oil samples. Test slate should include at a minimum; viscosity, water, oxidation, metals, fuel dilution, soot, & TBN.  (Take into consideration that Customer may use different UOA Laboratories and the test results could be expressed in different units). 

Samples should be taken on a regular basis according to the periods established.

Baseline samples provide the frame data to evaluate the conditions of the engine and the performance of the oil. The results of the baseline samples must indicate that the engines are in good condition and that there is no problem with the oil. Any alert in the oil condition or engine wear must be attended prior to proceed with the oil drain extension.

Please check the file attached. Each one of the conditions listed should be assessed in the baseline samples and any problem corrected before to proceed with the drain interval extension 



Samples at shortened intervals are taken specifically to track the trend of the oil variables during the period between oil changes. It is important for the trial to build the trend of the most critical variables. Critical variables will be decided jointly with the customer depending on the operation conditions. For example:

1. If the equipment is working in a dusty environment and the silicon has been a frequent alert in the Used Oil Analysis program, then the trend of the silicon in the samples at shortened intervals must be closely tracked.

2. If the engines frequently work extended periods with low load level, it´s possible that the lubricant is contaminated with fuel and the viscosity of the oil could decrease. If that is a condition the fuel dilution and/or the oil viscosity should be tracked.

[image: ]Other variables to be studied and considered to be tracked in the samples at shortened intervals are TBN, oxidation, wear (mainly iron, copper, lead and aluminum) and soot. These are not the only variables to follow, as it was stated above that the variables would depend on the assessment of the operation.

The next chart presents the trend for the samples at shortened intervals (+ 50 hours) for silicon, iron and lead (ppm). In this case is normal that the level of the wear metals grow as they are being accumulated with the time.

This kind of graphics make easy to detect not only peaks or inflection points but also correlations among different variables and enable you to perform a better analysis. 

Among the samples taken at shortened intervals it is important to verify if:

· The trends are according with the expected design.
· The absolute values are within the defined limits.
· There is a pattern when the values are time weighted for the selected variables.
· There is a pattern for all the samples for the selected variables at the same times of operation.
· There are inflection points for any of the variables at consistently the same time.

For any variable out of the defined limits, or inflection point consistently found, or any correlation existing among the variables, a detailed analysis must be done and the corrective actions and decisions must be taken.

The samples analyzed at the shortened intervals are useful to detect if during the oil change interval some condition could make difficult to reach the targeted interval. 

The samples at the oil drain interval will provide the information to determine if the target period is feasible, if not, or even if a larger interval is possible.  These samples are going to support the recommendation for an extended oil drain interval in the long term.

All variables are critical as any of them failing would lead to reduce the optimum interval. It’s not supposed that 100% of the oil samples at the targeted drain oil interval will be within the limits but you will like that, at least the number of acceptable samples will be the same that you used to have with the drain interval recommended by the OEM.

Besides the verifications and correlations done for the samples taken at shortened intervals you can also make the next analysis for the samples taken at drain intervals:

· Scatter Plots: enable you to easily see correlations between different variables. You can detect the real cause of the wear, or if the condition of the oil is leading some abnormal condition in the engine. See below some suggested scatter plots, but there are many more that could be applied depending on the operation conditions:

· Silicon vs. wear metals
· Soot vs. wear metals
· Viscosity vs. wear metals
· Viscosity vs. Oxidation
· Oxidation vs. TBN

Graphics below present examples of scatter plots for Soot vs. Iron, and TBN vs. Oxidation. The higher the level of soot the higher the iron wear. The higher the oxidation, the lower the TBN. Fortunately in both cases most of the values of the four variables are within the required limits and most of the point population is concentrated in the desirable zones. 
[image: ][image: ]

· Standard Deviation and Distributions: a distribution analysis will enable you to decide if the extended oil drain test is statistically successful. Not all the samples have to be within the designed parameter, but most of they should. You can define how many samples should be within two (three, four, five or six) standard deviations to consider the test acceptable. This decision could be based in the situation existing before of the oil drain interval test. The variables to be measured with these criteria are those where more alerts were present during the process.

[image: ]The next frequency graphic present the distribution of the viscosity in a group of samples taken to different engines in a period of three months. There are unacceptable samples at both sides as the viscosity could fail at high and low limits. 1.25% of the samples failed due to low viscosity. It could be, or not, acceptable depending on the initial conditions.

There are some other variables as the metals wear that would fail only at the higher end. The distribution graphic for this variables looks like the next example done for the same engines for iron wear.

[image: ]

· Time weighted analysis: you can compare the values for some variables at different drain intervals using the information obtained during the process. This information is useful to predict what could be the maximum interval and if the risks involved are worth to try to continue increasing the oil drain interval.

Once the drain interval has been established, even if the target is or not reached oil analysis may not be discontinued.  At the discretion of the Field Engineer Supervisor / Field Engineering Advisor and/or customer, sampling at shortened intervals may be practiced to guard against fuel dilution, dirt ingestion or coolant contamination. Sampling at "end of drain" is highly encouraged or mandatory as per the discretion of the Field Engineer Supervisor / Field Engineering Advisor. 




[bookmark: AP6]Appendix 6 - VEHICLE SELECTION & RECORDS KEEPING 

Vehicles used in the trail should be representative of the fleet’s machines with respect to engine make, model, duty cycle, emission compliance, age and application

All vehicles used in the trial shall have similar engine hours and have all recently entered service or been overhauled, up to 4500 hours. If the fleet contains a number of older or high hour vehicles that will also operate on the test oil for fleet management reasons, they should be in good operating condition with a good, well-documented service history.

A minimum of five (5) matched test vehicles is recommended. Five matched vehicles are desirable so that if a unit is withdrawn from service or gives uncharacteristic test results then other units are available to continue the trial. There is no maximum number of vehicles that could be included in a trial.  Note: The more vehicles involved in the test the higher the burden on the customer and the more data will make it challenging to maintain proper control of the testing. 

Vehicles not representative of the average duty cycle of the fleet, operating under excessive/or light loads or with high amounts of idle time, should be avoided.

Record keeping throughout the evaluation needs to be meticulously maintained. Leave absolutely nothing to memory or guesswork. The records need to be easily accessible by Mobil for trial monitoring purposes and should include the following:

· Date and unit hours when the units are converted to the test oil
· Periodic update of the unit hours
· Date and unit hours of each oil change
· Date, unit hours and quantity of oil added as top-off
· Date and unit hours when used oil samples are taken
· Date and unit hours when the oil filter is changed
· Date and unit hours when vehicles are removed or added to the test fleet
· Detailed fuel consumption records


[bookmark: AP7]Appendix 7 - Model Report on Oil Drain Interval extension







[bookmark: AP8]Appendix 8 - Overview on oil drain extensions extension – It is labeled EM Confidential, need de-classify or refer to it on Inside Sales






[bookmark: AP9]Appendix 9 - ENGINE INSPECTIONS 
(See details following the next link Engine Inspections ).

Extending drain oil intervals should not affect the life of the engines. Period for overhauls estimated by the OEMs should be reached and surpassed even extending the drain oil interval. Otherwise extension benefits would be reduced. 

A way to ensure that the life of the engines is reaching the designed periods is performing engine inspections when some of them reach the time for overhaul.

Engine Inspection is a procedure intended to determine the conditions of an engine and the performance of the engine oil. Most engine components are discussed individually including how they can be inspected for cleanliness and wear.

Required Tools

Camera 
Good Portable Light 
Borescope (if it is available) 
Clipboard & Checklists 



Procedure

Any good engine inspection should include all the background data or specifics about the engine 
Photographs should be taken of all critical parts, the engine operating conditions and the reason for being overhauled should be known. Information to Obtain:

· Account name 
· Account location/address 
· Engine manufacturer 
· Engine model 
· Engine serial number 
· Type of service 
· Load factor 
· Distance or hours since last overhaul 
· Last overhaul - Major or Minor 
· Who did last overhaul and why it was done 
· Engine oil used and how long 
· Engine oil consumption 
· Normal oil change interval 
· Oil filter make and model used and change interval 
· Oil pressure before overhaul 
· Fuel consumption 
· Type of fuel, typical sulfur content 
· Reason for engine overhaul 
· Engine performance just prior to overhaul 
· Air intake system condition 
· Was engine smoking and if so what color 
· Engine History

The engine serial number is very important because during production, changes can be made to certain model engines that could be vital to know at overhaul. Changes like bearing material or certain accessories like the air compressor could be different during the production run.

Inspect Engine parts

Inspect the following engine parts for cleanliness:

* Air Intake System
* Valve Cover and Valve Deck
* Crankcase Pan
* Oil Screen and Oil Pump
* Piston and Rings
* Combustion Chamber
* Intake Ports (2-CYCLE)
* Turbocharger
* Valves and Valve Stems

Inspect engine parts for wear

The following engine parts should be examined for wear, either visually or measured with either a caliber or a micrometer:

* Main Bearings
* Cylinder liners
* Pistons and rings
* Connecting rod bearings
* Cams
* Valve Guides, Stems, and Seats
* Rocker Arm Pads
* Push Rod Ball and Socket
* Fuel Injectors
* Oil pump gears
* Turbocharger

Inspecting an engine at overhaul is like being a detective. You have to collect much data, observe the facts, and put all the pieces together. Remember, most performance problems are really due to mechanical or operational factors. The oil is VERY SELDOM at fault! Through an accurate and complete engine inspection, you can prove the oil was NOT at fault and gain the respect of the customer through conducting a safe and thoroughly professional inspection.

Analyzing Findings – Guidelines & Troubleshooting

Engine cleanliness will be dependent on the following factors:
· Engine oil quality 
· Maintenance procedures 
· Engine/equipment operator 
· Operating conditions 
· Load factors and type of service 



Engine wear

There are 3 main types of engine wear that occur inside an engine:

· Abrasive wear: This is caused by the dust and dirt that is carried into the cylinders through the intake system. 
· Metal-to-metal contact wear:  This type of wear cannot be avoided entirely. The rate of wear from this depends on a large degree on the suitability of the engine oil, the operating temperature and correctly assembled parts.
· Corrosive wear: This type of wear results from water from leakage or condensation and a combination of acidic end products of combustion. 

A report presenting the condition of cleanliness and wear of the inspected engine should be prepared and shared with the customer supporting the benefits derived from the oil drain interval extension.  
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ODI STUDY BASELINE  DATA.xlsx


ODI STUDY BASELINE DATA.xlsx
Sheet1

		Oil Drain Interval - Baseline Data

		Obtain and record for each vehicle involved in the test:

		Item		Vehicle 1		Vehicle 2		Vehicle 3		Vehicle 4		Vehicle 5

		Vehicle type, application and duty cycle

		 Vehicle identification/registration number 

		Engine type, make, model

		Engine configuration and serial number 

		Engine power rating

		Engine sump size and filtration details

		Total Engine Hours

		Hours since last Overhaul

		Average annual hours of operation

		Air Filters type, make, model

		Oil filters type, make, model

		Oil pressure

		Actual oil consumption (Changes / Top-Off) 

		Actual fuel consumption

		Filter service intervals.  (Filter supplier should be involved in the field test and should make the final service recommendation for their products).

		Oil sampling method and frequency (Best Practice: engine oil sampling valve)

		Engine Oil Leaks 

		Engine / Oil / Coolant temperature record 

		Conduct a formal review of the UOA history (where available) to access capability to extend ODI and for barriers to extend ODI (i.e. excessive coolant leaks, dirt ingestion issues or high appetite of fleet for TBN).

		Collect data about recent problems in the fleet ( Ex. Premature wear in bearings, problems with turbo, Gasket problems , etc.)

		Records of fuel quality





Sheet2





Sheet3
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Engineering Service Report 
 


© 2005 Exxon Mobil Corporation. Mobil, the flying horse design, and ExxonMobil are trademarks of 
Exxon Mobil Corporation or one of its subsidiaries. 


  


 
  


Engine Bearing Analysis and Oil 
Drain Interval Evaluation, a TCO 
Reduction Opportunity of $20,840  


The Beaver Excavating Company 
Canton, Ohio 
 
October 22, 2008  


 
         Oil Drain Intervals for Unit 528   


  
  







Engineering Service Report 
 


Exxon Mobil Corporation  The Beaver Excavating Company 
October 22, 2008 


Highlights 
In September 2008, The Beaver Excavating Company tore down the engine of unit #528, a Caterpillar 
773D haul truck with a Hydraulic Electric Unit Injection (HEUI) engine.  This engine had operated for 
about 8,000 hours.  This Mobil Planned Engineering Service (PES) report documents the condition of 
that engine with oil analysis data and photographs of engine components. 
 
Total Cost of Ownership Summary 
TCO Category Notes Savings 
Revenue Enhancement  N/A 
Process Improvement  $6,400 
Expenditure Reduction  $7,440 
Asset Improvement  $7,000 
 Total Savings $20,840 


Situation 
Mobil engine bearing analysis determines the potential to extend HEUI engine life by adhering to 
assigned engine lubricant drain intervals.  Engine life can be extended beyond 8,000 hours.   


Recommendation 
1.)  Adhere to the 200 hour engine oil drain interval assigned by Caterpillar and Mobil Industrial 
Lubricants in 2004.  2.) Continue to use Mobil Industrial Lubricants’ Signum Oil Analysis program as 
an effective equipment condition monitoring program.  3.) Sample engine oil on a regular basis.  The 
sample previous to August 2008 was taken in September 2007.   


Result 
A Total Cost of Ownership reduction opportunity of nearly $21,000 in extended engine utilization.   
 
Mobil Industrial Lubricants thanks you for the opportunity to serve The Beaver Excavating Company.  
As always we appreciate your lubrication business. 


Respectfully submitted, 
Exxon Mobil Corporation 
 
 
 
K. W. Brandt, CLS 
Lubrication Engineer 
 
 
 
L. Copeland-Horton 
Sales Engineer 
 
 
 
J. O. Sewall, CLS 
Field Engineering Advisor 
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Discussion 
In September 2008, at about 7,900 operating hours, The Beaver Excavating Company tore down the 
engine on unit #528, a HEUI engine from a Caterpillar 773 haul truck.  Beaver maintenance personnel 
could tell that the high pressure oil pump was getting load.  Past experience has told them that this is a 
good time to take a look at the engine.  This report documents the Mobil PES recommendations prior to 
this event and the conditions of various engine components during this teardown. 


 


Previous Oil Drain Interval Recommendations 
In 2004, Mobil Industrial Lubricants’ lubrication engineer with the assistance and agreement of 
Caterpillar, recommended engine oil drains of 200 hours for all HEUI engines in The Beaver 
Excavating Company’s fleet as these engines are prone to soot formation in the top deck and valve 
train area.  This letter can be found in Appendix 4 of this report.  At the time of this engine rebuild, the 
average engine oil drain interval was 270 hours.  One oil drain was extended to 543 hours.  Mobil 
Industrial Lubricants recommended that The Beaver Excavating Company base engine rebuilds on 
condition monitoring techniques such as the Signum Oil Analysis program results. 
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Historical Wear Metal Data 
At the time of this engine rebuild, wear metals were near historical lows for this engine. 


 


Signum Oil Analysis Program Data 
Used oil analysis data indicated that unit #528 was not in distress.  Wear metals were not excessive 
and certainly had not broken trend even with the extended oil drain intervals. 


 
 
According to The Beaver Excavating Company maintenance personnel, the oil pump had become 
“noisy” and certainly was in need of replacement.  This may be where the low levels of iron wear metal 
were coming from.  In the graph above, molybdenum is actually part of the engine oil additive package. 
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HEUI Oil Pump Input Pinion 
The Beaver Excavating Company discovered the HEUI oil pump input gear exhibited macro-pitting 
wear.  This wear condition has been exhibited at other engine rebuilds as can be seen in the photos 
below. 
 
       Oil Pump Input Pinion, 2 Worn Teeth      2008                  Less Wear on Other Side 


 
The photo above shows the oil pump input pinion wear.  Notice that not all gear teeth are worn evenly.  
In fact, many gear teeth show no wear at all.  Typically, the driving gear (pinion) is the harder gear in 
the set.  At the time of this inspection, Mobil Industrial Lubricants recommended that The Beaver 
Excavating have this gear tested for hardness as it appears to be exhibiting plastic flow due to softness.  
The hardness of this Russian made gear may not be correct.   
 
The wear on this small input pinion is concentrated on the right hand side.  This may indicate that this 
shaft was slightly misaligned or that the gear exhibited asperity concentrations on the right hand side 
from the machining process. 
 
This wear condition of the HEUI oil pump input pinion is not new.  Your Mobil Lubrication Engineer 
found this photo in the historical files maintained for The Beaver Excavating Company.  The photo 
below was taken by our lubrication engineer in 2004. 
 


Mobil PES Inspection Report from 2004 of a HEUI Oil Pump Input Gear 
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HEUI Oil Pump Driven Gear 
The Mobil engineers were informed that this is the driven gear that mates with the input shaft gear.  It is 
much more substantial in construction than the input pinion.  The photo on the right shows the load 
zone of the mating gears.  It is focused on one side as well. 
 
                  Oil Pump Driven Gear                           Driven Gear Load Concentrated on One Side  


 


Main Bearings 
At the time of this inspection, the engine main bearings were thrown in a box.  One bearing thought to 
be representative of the lot was presented to the Mobil engineers for inspection.  Your Mobil lubrication 
engineer took this bearing and the other bearings removed from this engine and compared them to 
Caterpillar’s “Engine Bearings – Applied Failure Analysis Reference Handbook” images.    
 


 
The proper order of these bearings could not be determined.  Some of these bearings were scratched 
when they were thrown in the disposal box.  According to the Caterpillar reference, the lighter dull area 


is lead-tin, the darker area is aluminum.  Per Caterpillar’s reference material, these bearings exhibit 
normal wear for the operating hours. 
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“Normal Wear” Image from Caterpillar’s Engine Bearings – Applied Failure Analysis Reference 


Book, (SEBV0544) 


 


 


Recommendations 
 
Mobil Industrial Lubricants recommends the following. 
 
1.) Base engine rebuilds on data from condition monitoring tools such as Mobil’s Signum Oil Analysis 
program.  Include in this evaluation, operator input and engine diagnostics. 
 
2.)  Maintain oil drain intervals at the 200 hours previously recommended by Mobil and Caterpillar back 
in 2004.  A review of historical oil analysis data indicates that wear metals trend upward with extended 
oil drain intervals for these engines. 
 
3.)  Please feel free to consult your Mobil Lubrication Engineering team and Caterpillar Technical Help 
desk for recommendations on engine performance prior to tear downs.   
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Appendix 1 
 
HEUI Engine Iron & Copper Wear Charts 
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Oil Drain Hours for 529
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Appendix 2 
 
Signum Oil Analysis Reports for Unit 528 


  


  
 







528 Normal


Viscosity


 Lubricant Data
Contamination Normal Normal NormalNormal


Equipment Rating Normal Normal NormalNormal


Oil Rating Normal Normal NormalNormal


Viscosity @ 100C 15.0 14.7 14.914.8


SAE Viscosity 40 40 4040


Coolant Indicator NotDetected NotDetected NotDetectedNotDetected


Oxidation (Ab/cm) 5 3 93


Soot (Wt%) 0.70 0.97 0.670.97


Water (Vol%) NotDetected NotDetected NotDetectedNotDetected


 Wear Elements (ppm)
0000Ag (Silver)
1212Al (Aluminum)
0100Cr (Chromium)
3211Cu (Copper)
23291823Fe (Iron)
48454744Mo (Molybdenum)
0000Ni (Nickel)
0000Pb (Lead)
0000Sn (Tin)


 Sample ID
 Date Reported


8224378041
13-Aug-2008 


7262502027
20-Sep-2007 


7208361048
30-Jul-2007 


7129490058
11-May-2007 


 Sample Data Sample Data


 Sample ID
 Date Sampled
 Date Reported
 Brand
 Lubricant Tested


Equip. Hours
Oil Hours
Resv. Temp 
Make-Up


 Oil Changed
 Filter Changed


8224378041
04-Aug-2008 
13-Aug-2008 


MOBIL 
DELMX15WU


S 
17297
280


3365
Y
Y


7262502027
04-Aug-2008 
20-Sep-2007 


MOBIL
DELMX15WU


17017
170


3222
Y
Y


12-Sep-2007 
7208361048
04-Aug-2008 
30-Jul-2007 


MOBIL
DELMX15WU


16847
242


3222
Y
Y


23-Jul-2007 04-Aug-2008 
11-May-2007 


MOBIL
DELMX15WU


16605
303


8016
Y
Y


24-Apr-2007 
7129490058


 Contaminant Elements (ppm)
B (Boron) 31 26 28 36


K (Potassium) 0 1 0 0


Na (Sodium) 2 2 3 6


Si (Silicon) 2 3 3 3


V (Vanadium) 0


 Additive Elements (ppm)
Ba (Barium) 0 0 0 0
Ca (Calcium) 2110 2370 2567 1692
Mg (Magnesium) 426 480 543 741
P (Phosphorus) 1057 1111 1217 1038
Zn (Zinc) 1131 1259 1383 1151


Comments: No action is required on oil or engine.  -  Results are within acceptable ranges.  -  Examine progressive changes and monitor results for changing trends.  -  Sample at next scheduled interval.


Elements


Elements Lubricant


Account Number : 


Account Name :


117166


BEAVER EXCAVATING


PETROLIANCE (OHIO)


01-Dec-2008Date :


Signum Number : 30103943


Description :


Component :


Manufacturer :


Model :


Registered Lubricant :


ENGINE CATERPILLAR 773D


Engine


CATERPILLAR


3412


MOBIL DELVAC MX 15W40(US)


Results and comments of this analysis are advisory only; the validity of the data may be impaired by a non-representative sample
or incorrect data. This analysis is provided for the confidential information of the party submitting it. Any use by any other person
is prohibited. © Copyright 2003 Exxon Mobil Corporation. Exxon, Esso, Mobil, ExxonMobil and Signum are trademarks of
ExxonMobil Corporation or one of its subsidiaries. Marketing Affiliate - ExxonMobil Lubricants & Specialties.


Normal + Caution * Alert







 


 
 
 


528 Normal 
Account Number 117166 Description ENGINE CATERPILLAR 773D
Account Name BEAVER EXCAVATING Application Engine


Manufacturer CATERPILLAR
Date 12-Sep-2008 Model 3412
Signum Number 30103943 Registered Lubricant MOBIL DELVAC MX 15W40(US)


 
Comments: No action is required on oil or engine. - Results are within acceptable ranges. - Examine progressive changes and monitor results for changing trends. - Sample at next scheduled interval. 


 
Sample ID 7078313038 7066127046 6363345070 6137300032 6072340043
Date Sampled 08 -Mar -2007 12 -Feb-2007 19-Dec -2006 09-May -2006 03-Mar -2006
Report Date 21 -Mar -2007 08 -Mar-2007 05-Jan-2007 19-May -2006 15-Mar -2006
Brand MOBIL MOBIL MOBIL MOBIL MOBIL
Lubricant Tested DELMX15WUS DELMX15WUS DELV 1300S DELV 1300S DELV 1300S
Equipment Hours 16325 16120 15860 15317 15084
Oil Age Hours 205 260 543 233 303
Resv. Temp 3251
Make-up 8017 8016 8016
Oil Changed Y Y Y Y Y
Filter Changed Y Y Y Y


  
Lubricant Data
Contamination Rating Normal Normal Normal Normal  
Equipment Rating Normal Normal Normal Normal  
Oil Rating Normal Normal Normal Normal S
Viscosity @ 100C 14.3 14.7 15.2 14.4 14.7/40
SAE Viscosity Grade 40 40 40    
Coolant Indicator NotDetected NotDetected NotDetected NotDetected  
Glycol (Wt%)         NotDetected
Oxidation (Ab/cm) 3 6 12 4 9
Soot (Wt%) 0.50 0.70 0.96 0.55 0.60
Water (Vol%) NotDetected NotDetected NotDetected NotDetected 0.00


Sample ID 7078313038 7066127046 6363345070 6137300032 6072340043
Report Date 21-Mar -2007 08-Mar -2007 05-Jan-2007 19-May -2006 15-Mar -2006


  
Wear Elements (ppm)
Ag (Silver) 0 0 0 0 0
Al (Aluminum) 2 2 3 1 1
Cd (Cadmium)         0
Cr (Chromium) 0 1 1 0 0
Cu (Copper) 2 9 13 1 1
Fe (Iron) 21 35 65 19 31
Mo (Molybdenum) 47 48 51 44 45
Ni (Nickel) 0 0 0 0 0
Pb (Lead) 0 0 3 1 0
Sn (Tin) 0 0 0 0 0
Ti (Titanium)         0


  
Contaminant Elements (ppm)
B (Boron) 45 38 34 35 33
K (Potassium) 2 1 2 1 1
Na (Sodium) 9 6 6 3 5
Si (Silicon) 2 2 4 2 3
V (Vanadium)         0


  
Additive Elements (ppm)
Ba (Barium) 0 0 0 0 0
Ca (Calcium) 2496 1972 2801 2345 2513
Mg (Magnesium) 515 694 529 447 489
P (Phosphorus) 1226 1098 1332 1176 1249
Zn (Zinc) 1354 1241 1497 1303 1462
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528 Normal 
Account Number 117166 Description ENGINE CATERPILLAR 773D
Account Name BEAVER EXCAVATING Application Engine


Manufacturer CATERPILLAR
Date 12-Sep-2008 Model 3412
Signum Number 30103943 Registered Lubricant MOBIL DELVAC MX 15W40(US)


 
Comments: 


 
Sample ID 6072340043 5322294016 5224238004 5178283052 5136346055
Date Sampled 03-Mar -2006 11-Nov -2005 05-Aug-2005 20-Jun-2005 02-May -2005
Report Date 15-Mar -2006 21-Nov -2005 16-Aug-2005 29-Jun-2005 18-May -2005
Brand MOBIL MOBIL MOBIL MOBIL MOBIL
Lubricant Tested DELV 1300S DELV 1300S DELV 1300S DELV 1300S DELV 1300S
Equipment 15084 14781 14541 14315 14100
Oil Age 303 240 226 215 247
Resv. Temp
Make-up Gallons
Oil Changed Y Y Y Y Y
Filter Changed


  
Lubricant Data
Oil Rating S S S S B
Viscosity @ 100C 14.7/40 14.8/40 14.8/40 14.9/40 14.8/40
Glycol (Wt%) NotDetected NotDetected NotDetected NotDetected NotDetected
Oxidation (Ab/cm) 9 10 3 2 5
Soot (Wt%) 0.60 0.67 0.79 0.79 0.66
Water (Vol%) 0.00 0.00 0.00 0.00 0.00


Sample ID 6072340043 5322294016 5224238004 5178283052 5136346055
Report Date 15-Mar -2006 21-Nov -2005 16-Aug-2005 29 -Jun-2005 18-May -2005


  
Wear Elements (ppm)
Ag (Silver) 0 0 0 0 0
Al (Aluminum) 1 1 1 1 3
Cd (Cadmium) 0 0 0 0 0
Cr (Chromium) 0 0 0 0 1
Cu (Copper) 1 1 1 1 2
Fe (Iron) 31 33 28 33 +79
Mo (Molybdenum) 45 48 42 41 43
Ni (Nickel) 0 0 0 0 1
Pb (Lead) 0 0 0 1 0
Sn (Tin) 0 0 0 0 0
Ti (Titanium) 0 0 0 0 0


  
Contaminant Elements (ppm)
B (Boron) 33 31 22 24 32
K (Potassium) 1 1 2 1 4
Na (Sodium) 5 2 1 2 3
Si (Silicon) 3 2 2 2 4
V (Vanadium) 0 0 0 0 0


  
Additive Elements (ppm)
Ba (Barium) 0 0 0 0 0
Ca (Calcium) 2513 2646 2475 2432 2441
Mg (Magnesium) 489 503 457 440 449
P (Phosphorus) 1249 1363 1197 1212 1216
Zn (Zinc) 1462 1511 1366 1340 1301
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528 Caution 
Account Number 117166 Description ENGINE CATERPILLAR 773D
Account Name BEAVER EXCAVATING Application Engine


Manufacturer CATERPILLAR
Date 12 -Sep-2008 Model 3412
Signum Number 30103943 Registered Lubricant MOBIL DELVAC MX 15W40(US)


 
Comments: 


 
Sample ID 5136346055 5053124027 5012202009 4322126026 4295283010
Date Sampled 02 -May-2005 17-Feb -2005 30-Dec -2004 09-Nov -2004 13-Oct-2004
Report Date 18 -May-2005 23-Feb -2005 13-Jan-2005 20-Nov -2004 25-Oct-2004
Brand MOBIL MOBIL MOBIL MOBIL MOBIL
Lubricant Tested DELV 1300S DELV 1300S DELV 1300S DELV 1300S DELV 1300S
Equipment 14100 13853 13650 13319 13133
Oil Age 247 203 331 186 393
Resv. Temp
Make-up Gallons
Oil Changed Y Y Y Y Y
Filter Changed


  
Lubricant Data
Oil Rating B B S S S
Viscosity @ 100C 14.8/40 14.6/40 14.6/40 14.8/40 15.2/40
Glycol (Wt%) NotDetected NotDetected NotDetected NotDetected NotDetected
Oxidation (Ab/cm) 5 6 5 5 12
Soot (Wt%) 0.66 0.54 0.59 0.66 0.89
Water (Vol%) 0.00 0.00 0.00 0.00 0.00


Sample ID 5136346055 5053124027 5012202009 4322126026 4295283010
Report Date 18-May -2005 23-Feb-2005 13-Jan-2005 20-Nov-2004 25-Oct-2004


  
Wear Elements (ppm)
Ag (Silver) 0 0 0 0 0
Al (Aluminum) 3 3 2 1 1
Cd (Cadmium) 0 0 0 0 0
Cr (Chromium) 1 0 1 0 0
Cu (Copper) 2 2 3 7 11
Fe (Iron) +79 +93 44 28 38
Mo (Molybdenum) 43 42 45 47 44
Ni (Nickel) 1 0 0 0 0
Pb (Lead) 0 0 1 0 2
Sn (Tin) 0 0 1 0 0
Ti (Titanium) 0 0 0 0 0


  
Contaminant Elements (ppm)
B (Boron) 32 35 29 28 20
K (Potassium) 4 2 3 2 1
Na (Sodium) 3 1 2 3 1
Si (Silicon) 4 5 8 6 3
V (Vanadium) 0 0 0 0 0


  
Additive Elements (ppm)
Ba (Barium) 0 0 0 0 0
Ca (Calcium) 2441 2355 2382 2688 2988
Mg (Magnesium) 449 470 467 513 640
P (Phosphorus) 1216 1124 1159 1293 1441
Zn (Zinc) 1301 1254 1345 1472 1725
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528 Normal 
Account Number 117166 Description ENGINE CATERPILLAR 773D
Account Name BEAVER EXCAVATING Application Engine


Manufacturer CATERPILLAR
Date 12-Sep-2008 Model 3412
Signum Number 30103943 Registered Lubricant MOBIL DELVAC MX 15W40(US)


 
Comments: 


 
Sample ID 4295283010 4264561021 4212445037 4190273037 4161283031
Date Sampled 13-Oct-2004 10-Sep-2004 26-Jul-2004 30-Jun-2004 01 -Jun-2004
Report Date 25-Oct-2004 23-Sep-2004 02-Aug-2004 09-Jul-2004 11 -Jun-2004
Brand MOBIL MOBIL MOBIL MOBIL MOBIL
Lubricant Tested DELV 1300S DELV 1300S DELV 1300S DELV 1300S DELV 1300S
Equipment 13133 12740 12383 12140 11911
Oil Age 393 357 243 229 311
Resv. Temp
Make-up Gallons
Oil Changed Y Y Y Y Y
Filter Changed


  
Lubricant Data
Oil Rating S S S S S
Viscosity @ 100C 15.2/40 15.1/40 14.8/40 15.0/40 15.0/40
Glycol (Wt%) NotDetected NotDetected NotDetected NotDetected NotDetected
Oxidation (Ab/cm) 12 10 7 8 11
Soot (Wt%) 0.89 0.87 0.74 0.68 0.68
Water (Vol%) 0.00 0.00 0.00 0.00 0.00


Sample ID 4295283010 4264561021 4212445037 4190273037 4161283031
Report Date 25 -Oct-2004 23-Sep-2004 02 -Aug-2004 09-Jul-2004 11-Jun-2004


  
Wear Elements (ppm)
Ag (Silver) 0 0 0 0 0
Al (Aluminum) 1 1 1 2 2
Cd (Cadmium) 0 0 0 0 0
Cr (Chromium) 0 0 0 0 0
Cu (Copper) 11 4 2 4 7
Fe (Iron) 38 38 25 25 25
Mo (Molybdenum) 44 47 46 50 46
Ni (Nickel) 0 0 0 0 0
Pb (Lead) 2 2 1 0 1
Sn (Tin) 0 0 0 0 0
Ti (Titanium) 0 0 0 0 0


  
Contaminant Elements (ppm)
B (Boron) 20 22 21 28 26
K (Potassium) 1 1 1 2 1
Na (Sodium) 1 0 0 0 1
Si (Silicon) 3 3 3 3 3
V (Vanadium) 0 0 0 0 0


  
Additive Elements (ppm)
Ba (Barium) 0 0 0 0 0
Ca (Calcium) 2988 3115 2802 3403 3232
Mg (Magnesium) 640 638 505 715 651
P (Phosphorus) 1441 1460 1325 1650 1472
Zn (Zinc) 1725 1834 1614 1953 1789
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528 Normal 
Account Number 117166 Description ENGINE CATERPILLAR 773D
Account Name BEAVER EXCAVATING Application Engine


Manufacturer CATERPILLAR
Date 12-Sep-2008 Model 3412
Signum Number 30103943 Registered Lubricant MOBIL DELVAC MX 15W40(US)


 
Comments: 


 
Sample ID 4114436028        
Date Sampled 16-Apr-2004        
Report Date 27-Apr-2004        
Brand MOBIL        
Lubricant Tested DELV 1300S        
Equipment 11600        
Oil Age 218        
Resv. Temp        
Make-up Gallons        
Oil Changed Y        
Filter Changed        


  
Lubricant Data
Oil Rating S        
Viscosity @ 100C 14.5/40        
Oxidation (Ab/cm) 8        
Soot (Wt%) 0.48        
Water (Vol%) 0.00        


Sample ID 4114436028        
Report Date 27-Apr-2004        


  
Wear Elements (ppm)
Ag (Silver) 0        
Al (Aluminum) 1        
Cd (Cadmium) 0        
Cr (Chromium) 0        
Cu (Copper) 8        
Fe (Iron) 13        
Mo (Molybdenum) 45        
Ni (Nickel) 0        
Pb (Lead) 0        
Sn (Tin) 0        
Ti (Titanium) 0        


  
Contaminant Elements (ppm)
B (Boron) 34        
K (Potassium) 1        
Na (Sodium) 2        
Si (Silicon) 3        
V (Vanadium) 0        


  
Additive Elements (ppm)
Ba (Barium) 0        
Ca (Calcium) 2910        
Mg (Magnesium) 579        
P (Phosphorus) 1411        
Zn (Zinc) 1614        
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Appendix 3 
 
2004 Mobil PES Engineering Letter 
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Appendix 4 
 
Total Cost of Ownership Reduction Calculations 
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Total Cost of Ownership Reduction 


Revenue Enhancement 


Primary TCO 
Component  Impacted: 


Revenue 


(A) 
Annual Unit 


Improvement 


(B) 
Unit  


Value 


(C) 
Increased  


Cost 


Profit  
Improvement 


A*(B-C) 
No impact due to 
equipment redundancy. 


N/A N/A N/A N/A 


Total Savings:  N/A 


It is assumed that due to equipment redundancy, operating revenue was not impacted at the time of 
this rebuild. 


 


Asset Improvement 


Primary TCO 
Component 


Impacted: Assets 


(A) 
Quantities 
Reduced 


(B) 
Value of 


Asset 


(C) 
Possession 


Cost (%) 


Dollars 
Freed 
(A*B) 


Asset 
Savings 
(A*B)*C 


Part Inventory for 1 
Engine Rebuild 


1 $35,000 20% $35,000 $7,000 


Total Savings:  $7,000 


This is an inventory value savings of at least $7,000.  This is based on an estimate $35,000 in 
replacement components with an inventory/opportunity cost of 20%.   This 20% includes storage, taxes, 
lost opportunity, interest, shrinkage, etc.  


 


Process Enhancement 


Primary TCO 
Component 
Impacted: 
Processes 


(A) 
Past 


Process 
Costs 


(B) 
Frequency 


of Past 
Use 


(C) 
Proposed 
Process 


Cost 


(D) 
Proposed 
Frequency 


Process 
Savings 
(A*B) – 
(C*D) 


Two Mechanics 
in 2008 


$40 / Hr. 160 Hours $40 / Hr. 0 Hours $6,400 


Total Savings:  $6,400 


Two maintenance crew members would require approximately 2 weeks rebuilding this engine.  While it 
cold be argued that there is no labor savings as these mechanics would still be on staff regardless of 
the rebuild, it could also be argued that these mechanics could be performing preventative 
maintenance activities instead of rebuild work. 
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Total Cost of Ownership Reduction 


Expenditure Reduction 


Primary TCO Component 
Impacted:  


Expenditures 


(A) 
Annual Quantities 


Impacted 


(B) 
Price  


Differences 


Annual  
Savings 


(A*B) 


Engine replacement 
components. 


1 Engine Rebuild at 8,000 
Operating Hours 


$4.375/Hr - 
$3.50/Hr = 
$0.875/Hr 


$7,440 


Total Savings:  $7,440 


$35,000/7,900 Hours = $4.43 per hour 


$35,000/10,000 Hours = $3.50 per hour 


$4.43 - $3.50 = $0.93 


$0.93 X 8,000 Operating Hours = $7,440 
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Microsoft_Word_97_-_2004_Document1.doc
GUIDE FOR INTERPRETING LUBRICANT CONDITIONS


Problem

Possible Causes




Low oil viscosity
Initial fill or dilution with lower viscosity oil; fuel or solvent dilution; sample mislabeled.


High oil viscosity
Contamination/use of a higher viscosity oil; excessive soot or oxidized oil; sample mislabeled.


Excessive fuel dilution
Defective injectors; pump or seals; leaking fuel lines, pumps, seals   or injectors; high pump pressure; poor crankcase ventilation, excessive idling. The source of the fuel contamination should be traced and stopped.


Glycol

Glycol and/or coolant containing materials, leaking gaskets, sleeve seals; oil cooler loose or cracked; cracked or warped cylinder heads, outside contamination.


Excessive water
Leaking seals from cooling systems; condensation because of low operating temperatures, prolonged shutdown or poor crankcase ventilation; outside water contamination.


High oxidation

Over-extended oil service; low oil level; high engine and/or oil temperatures; high air intake temperatures, poor ignition and/or combustion; piston ring blow-by; clogged oil cooler; faulty shutters or thermostat; high soak-back temperatures or retaining heat after shutdown. Sample mislabeled or mix of products.


High Soot Index
Poor ignition/combustion; excessive blow-by; poor or ineffective filtration/purification; low compression pressure; restricted air intake; faulty blower, injection timing, injectors or injection pump delivery valves.


Low TBN

Poor combustion; excessive blow-by; low rate of oil make-up, dilution with lower TBN oil; high water content; engine temperatures too low; over-extended oil service; high sulfur fuel.


High wear metal
Excessive wear on bearings, gears, shafts. Potentially serious condition. Immediately contact Mobil representative.


High Iron level

Machinery component wear; metal to metal contact; corrosion; abrasive contamination.


High Copper level
Machinery component wear; metal to metal contact; corrosion; abrasive contamination; stuffing box ring wear; piston-wearband wear; turbocharger bearing wear.


High Chromium level
Machinery component wear; metal to metal contact; corrosion; abrasive contamination.


High Lead level

Bearing wear; metal to metal contact; abrasive contamination; corrosion; machinery component wear.


High Tin wear

Possible bearing wear; metal to metal contact; abrasive contamination; corrosion; machinery component wear


High Aluminum level
Machinery component wear; metal to metal contact; abrasive contamination; electrochemical corrosion (i.e. air cooler), fuel catalyst contamination when Silicon level also high.


High Silicon level
Outside abrasive dirt contamination; ineffective purification and/or filtration; faulty seals, air filters/breathers; high wear metals; use of silicone defoamant; wear of non-metallic clutces; use of silicone gasket or sealing compound; improper sampling. If Aluminum, Vanadium and Nickel are high as well, possible contamination with abrasive residual fuel catalyst particles.




When the silicon value exceeds the normal range and when wear metals are low, it is probable that the silicon is non-abrasive from either defoamants or sealant compounds. When wear metals are high or increasing, the silicon could be in an abrasive form.


Oil cloudy

Emulsified water and/or suspended sediment including wear metals due to water leakage and/or demulsifier breakdown.
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© 2005 Exxon Mobil Corporation. Mobil, the flying horse design, and ExxonMobil are trademarks of 
Exxon Mobil Corporation or one of its subsidiaries. 


  


 
  


Engine Bearing Analysis and Oil 
Drain Interval Evaluation, a TCO 
Reduction Opportunity of $20,840  


The Beaver Excavating Company 
Canton, Ohio 
 
October 22, 2008  


 
         Oil Drain Intervals for Unit 528   


  
  







Engineering Service Report 
 


Exxon Mobil Corporation  The Beaver Excavating Company 
October 22, 2008 


Highlights 
In September 2008, The Beaver Excavating Company tore down the engine of unit #528, a Caterpillar 
773D haul truck with a Hydraulic Electric Unit Injection (HEUI) engine.  This engine had operated for 
about 8,000 hours.  This Mobil Planned Engineering Service (PES) report documents the condition of 
that engine with oil analysis data and photographs of engine components. 
 
Total Cost of Ownership Summary 
TCO Category Notes Savings 
Revenue Enhancement  N/A 
Process Improvement  $6,400 
Expenditure Reduction  $7,440 
Asset Improvement  $7,000 
 Total Savings $20,840 


Situation 
Mobil engine bearing analysis determines the potential to extend HEUI engine life by adhering to 
assigned engine lubricant drain intervals.  Engine life can be extended beyond 8,000 hours.   


Recommendation 
1.)  Adhere to the 200 hour engine oil drain interval assigned by Caterpillar and Mobil Industrial 
Lubricants in 2004.  2.) Continue to use Mobil Industrial Lubricants’ Signum Oil Analysis program as 
an effective equipment condition monitoring program.  3.) Sample engine oil on a regular basis.  The 
sample previous to August 2008 was taken in September 2007.   


Result 
A Total Cost of Ownership reduction opportunity of nearly $21,000 in extended engine utilization.   
 
Mobil Industrial Lubricants thanks you for the opportunity to serve The Beaver Excavating Company.  
As always we appreciate your lubrication business. 


Respectfully submitted, 
Exxon Mobil Corporation 
 
 
 
K. W. Brandt, CLS 
Lubrication Engineer 
 
 
 
L. Copeland-Horton 
Sales Engineer 
 
 
 
J. O. Sewall, CLS 
Field Engineering Advisor 
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Exxon Mobil Corporation  The Beaver Excavating Company 
October 22, 2008  Page 1 


Discussion 
In September 2008, at about 7,900 operating hours, The Beaver Excavating Company tore down the 
engine on unit #528, a HEUI engine from a Caterpillar 773 haul truck.  Beaver maintenance personnel 
could tell that the high pressure oil pump was getting load.  Past experience has told them that this is a 
good time to take a look at the engine.  This report documents the Mobil PES recommendations prior to 
this event and the conditions of various engine components during this teardown. 


 


Previous Oil Drain Interval Recommendations 
In 2004, Mobil Industrial Lubricants’ lubrication engineer with the assistance and agreement of 
Caterpillar, recommended engine oil drains of 200 hours for all HEUI engines in The Beaver 
Excavating Company’s fleet as these engines are prone to soot formation in the top deck and valve 
train area.  This letter can be found in Appendix 4 of this report.  At the time of this engine rebuild, the 
average engine oil drain interval was 270 hours.  One oil drain was extended to 543 hours.  Mobil 
Industrial Lubricants recommended that The Beaver Excavating Company base engine rebuilds on 
condition monitoring techniques such as the Signum Oil Analysis program results. 
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Historical Wear Metal Data 
At the time of this engine rebuild, wear metals were near historical lows for this engine. 


 


Signum Oil Analysis Program Data 
Used oil analysis data indicated that unit #528 was not in distress.  Wear metals were not excessive 
and certainly had not broken trend even with the extended oil drain intervals. 


 
 
According to The Beaver Excavating Company maintenance personnel, the oil pump had become 
“noisy” and certainly was in need of replacement.  This may be where the low levels of iron wear metal 
were coming from.  In the graph above, molybdenum is actually part of the engine oil additive package. 
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HEUI Oil Pump Input Pinion 
The Beaver Excavating Company discovered the HEUI oil pump input gear exhibited macro-pitting 
wear.  This wear condition has been exhibited at other engine rebuilds as can be seen in the photos 
below. 
 
       Oil Pump Input Pinion, 2 Worn Teeth      2008                  Less Wear on Other Side 


 
The photo above shows the oil pump input pinion wear.  Notice that not all gear teeth are worn evenly.  
In fact, many gear teeth show no wear at all.  Typically, the driving gear (pinion) is the harder gear in 
the set.  At the time of this inspection, Mobil Industrial Lubricants recommended that The Beaver 
Excavating have this gear tested for hardness as it appears to be exhibiting plastic flow due to softness.  
The hardness of this Russian made gear may not be correct.   
 
The wear on this small input pinion is concentrated on the right hand side.  This may indicate that this 
shaft was slightly misaligned or that the gear exhibited asperity concentrations on the right hand side 
from the machining process. 
 
This wear condition of the HEUI oil pump input pinion is not new.  Your Mobil Lubrication Engineer 
found this photo in the historical files maintained for The Beaver Excavating Company.  The photo 
below was taken by our lubrication engineer in 2004. 
 


Mobil PES Inspection Report from 2004 of a HEUI Oil Pump Input Gear 
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HEUI Oil Pump Driven Gear 
The Mobil engineers were informed that this is the driven gear that mates with the input shaft gear.  It is 
much more substantial in construction than the input pinion.  The photo on the right shows the load 
zone of the mating gears.  It is focused on one side as well. 
 
                  Oil Pump Driven Gear                           Driven Gear Load Concentrated on One Side  


 


Main Bearings 
At the time of this inspection, the engine main bearings were thrown in a box.  One bearing thought to 
be representative of the lot was presented to the Mobil engineers for inspection.  Your Mobil lubrication 
engineer took this bearing and the other bearings removed from this engine and compared them to 
Caterpillar’s “Engine Bearings – Applied Failure Analysis Reference Handbook” images.    
 


 
The proper order of these bearings could not be determined.  Some of these bearings were scratched 
when they were thrown in the disposal box.  According to the Caterpillar reference, the lighter dull area 


is lead-tin, the darker area is aluminum.  Per Caterpillar’s reference material, these bearings exhibit 
normal wear for the operating hours. 
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“Normal Wear” Image from Caterpillar’s Engine Bearings – Applied Failure Analysis Reference 


Book, (SEBV0544) 


 


 


Recommendations 
 
Mobil Industrial Lubricants recommends the following. 
 
1.) Base engine rebuilds on data from condition monitoring tools such as Mobil’s Signum Oil Analysis 
program.  Include in this evaluation, operator input and engine diagnostics. 
 
2.)  Maintain oil drain intervals at the 200 hours previously recommended by Mobil and Caterpillar back 
in 2004.  A review of historical oil analysis data indicates that wear metals trend upward with extended 
oil drain intervals for these engines. 
 
3.)  Please feel free to consult your Mobil Lubrication Engineering team and Caterpillar Technical Help 
desk for recommendations on engine performance prior to tear downs.   
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Appendix 1 
 
HEUI Engine Iron & Copper Wear Charts 


  


  
 







Oil Drain Hours for 528


218


311


229
243


357


393


186


331


203


247


215
226


240


303


233


543


260


205


303


242


170


280


0


100


200


300


400


500


600


4/
27


/0
4


6/
27


/0
4


8/
27


/0
4


10
/2


7/
04


12
/2


7/
04


2/
27


/0
5


4/
27


/0
5


6/
27


/0
5


8/
27


/0
5


10
/2


7/
05


12
/2


7/
05


2/
27


/0
6


4/
27


/0
6


6/
27


/0
6


8/
27


/0
6


10
/2


7/
06


12
/2


7/
06


2/
27


/0
7


4/
27


/0
7


6/
27


/0
7


8/
27


/0
7


10
/2


7/
07


12
/2


7/
07


2/
27


/0
8


4/
27


/0
8


6/
27


/0
8


Date


H
ou


rs


Hours







528 Iron & Copper
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Oil Drain Hours for 529
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529 Iron & Copper
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Oil Drain Hours for 530
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Oil Drain Hours for 750
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Oil Drain Hours for 751
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751 Iron & Copper
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Oil Drain Hours for 752
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Appendix 2 
 
Signum Oil Analysis Reports for Unit 528 


  


  
 







528 Normal


Viscosity


 Lubricant Data
Contamination Normal Normal NormalNormal


Equipment Rating Normal Normal NormalNormal


Oil Rating Normal Normal NormalNormal


Viscosity @ 100C 15.0 14.7 14.914.8


SAE Viscosity 40 40 4040


Coolant Indicator NotDetected NotDetected NotDetectedNotDetected


Oxidation (Ab/cm) 5 3 93


Soot (Wt%) 0.70 0.97 0.670.97


Water (Vol%) NotDetected NotDetected NotDetectedNotDetected


 Wear Elements (ppm)
0000Ag (Silver)
1212Al (Aluminum)
0100Cr (Chromium)
3211Cu (Copper)
23291823Fe (Iron)
48454744Mo (Molybdenum)
0000Ni (Nickel)
0000Pb (Lead)
0000Sn (Tin)


 Sample ID
 Date Reported


8224378041
13-Aug-2008 


7262502027
20-Sep-2007 


7208361048
30-Jul-2007 


7129490058
11-May-2007 


 Sample Data Sample Data


 Sample ID
 Date Sampled
 Date Reported
 Brand
 Lubricant Tested


Equip. Hours
Oil Hours
Resv. Temp 
Make-Up


 Oil Changed
 Filter Changed


8224378041
04-Aug-2008 
13-Aug-2008 


MOBIL 
DELMX15WU


S 
17297
280


3365
Y
Y


7262502027
04-Aug-2008 
20-Sep-2007 


MOBIL
DELMX15WU


17017
170


3222
Y
Y


12-Sep-2007 
7208361048
04-Aug-2008 
30-Jul-2007 


MOBIL
DELMX15WU


16847
242


3222
Y
Y


23-Jul-2007 04-Aug-2008 
11-May-2007 


MOBIL
DELMX15WU


16605
303


8016
Y
Y


24-Apr-2007 
7129490058


 Contaminant Elements (ppm)
B (Boron) 31 26 28 36


K (Potassium) 0 1 0 0


Na (Sodium) 2 2 3 6


Si (Silicon) 2 3 3 3


V (Vanadium) 0


 Additive Elements (ppm)
Ba (Barium) 0 0 0 0
Ca (Calcium) 2110 2370 2567 1692
Mg (Magnesium) 426 480 543 741
P (Phosphorus) 1057 1111 1217 1038
Zn (Zinc) 1131 1259 1383 1151


Comments: No action is required on oil or engine.  -  Results are within acceptable ranges.  -  Examine progressive changes and monitor results for changing trends.  -  Sample at next scheduled interval.


Elements


Elements Lubricant


Account Number : 


Account Name :


117166


BEAVER EXCAVATING


PETROLIANCE (OHIO)


01-Dec-2008Date :


Signum Number : 30103943


Description :


Component :


Manufacturer :


Model :


Registered Lubricant :


ENGINE CATERPILLAR 773D


Engine


CATERPILLAR


3412


MOBIL DELVAC MX 15W40(US)


Results and comments of this analysis are advisory only; the validity of the data may be impaired by a non-representative sample
or incorrect data. This analysis is provided for the confidential information of the party submitting it. Any use by any other person
is prohibited. © Copyright 2003 Exxon Mobil Corporation. Exxon, Esso, Mobil, ExxonMobil and Signum are trademarks of
ExxonMobil Corporation or one of its subsidiaries. Marketing Affiliate - ExxonMobil Lubricants & Specialties.


Normal + Caution * Alert







 


 
 
 


528 Normal 
Account Number 117166 Description ENGINE CATERPILLAR 773D
Account Name BEAVER EXCAVATING Application Engine


Manufacturer CATERPILLAR
Date 12-Sep-2008 Model 3412
Signum Number 30103943 Registered Lubricant MOBIL DELVAC MX 15W40(US)


 
Comments: No action is required on oil or engine. - Results are within acceptable ranges. - Examine progressive changes and monitor results for changing trends. - Sample at next scheduled interval. 


 
Sample ID 7078313038 7066127046 6363345070 6137300032 6072340043
Date Sampled 08 -Mar -2007 12 -Feb-2007 19-Dec -2006 09-May -2006 03-Mar -2006
Report Date 21 -Mar -2007 08 -Mar-2007 05-Jan-2007 19-May -2006 15-Mar -2006
Brand MOBIL MOBIL MOBIL MOBIL MOBIL
Lubricant Tested DELMX15WUS DELMX15WUS DELV 1300S DELV 1300S DELV 1300S
Equipment Hours 16325 16120 15860 15317 15084
Oil Age Hours 205 260 543 233 303
Resv. Temp 3251
Make-up 8017 8016 8016
Oil Changed Y Y Y Y Y
Filter Changed Y Y Y Y


  
Lubricant Data
Contamination Rating Normal Normal Normal Normal  
Equipment Rating Normal Normal Normal Normal  
Oil Rating Normal Normal Normal Normal S
Viscosity @ 100C 14.3 14.7 15.2 14.4 14.7/40
SAE Viscosity Grade 40 40 40    
Coolant Indicator NotDetected NotDetected NotDetected NotDetected  
Glycol (Wt%)         NotDetected
Oxidation (Ab/cm) 3 6 12 4 9
Soot (Wt%) 0.50 0.70 0.96 0.55 0.60
Water (Vol%) NotDetected NotDetected NotDetected NotDetected 0.00


Sample ID 7078313038 7066127046 6363345070 6137300032 6072340043
Report Date 21-Mar -2007 08-Mar -2007 05-Jan-2007 19-May -2006 15-Mar -2006


  
Wear Elements (ppm)
Ag (Silver) 0 0 0 0 0
Al (Aluminum) 2 2 3 1 1
Cd (Cadmium)         0
Cr (Chromium) 0 1 1 0 0
Cu (Copper) 2 9 13 1 1
Fe (Iron) 21 35 65 19 31
Mo (Molybdenum) 47 48 51 44 45
Ni (Nickel) 0 0 0 0 0
Pb (Lead) 0 0 3 1 0
Sn (Tin) 0 0 0 0 0
Ti (Titanium)         0


  
Contaminant Elements (ppm)
B (Boron) 45 38 34 35 33
K (Potassium) 2 1 2 1 1
Na (Sodium) 9 6 6 3 5
Si (Silicon) 2 2 4 2 3
V (Vanadium)         0


  
Additive Elements (ppm)
Ba (Barium) 0 0 0 0 0
Ca (Calcium) 2496 1972 2801 2345 2513
Mg (Magnesium) 515 694 529 447 489
P (Phosphorus) 1226 1098 1332 1176 1249
Zn (Zinc) 1354 1241 1497 1303 1462


 


Normal +Caution *Alert


Results and comments of this analysis are advisory only; the validity of the data may be impaired by a non-representative sample or incorrect data. This 
analysis is provided for the confidential information of the party submitting it. Any use by any other person is prohibited. © Copyright 2003 Exxon Mobil 
Corporation. Exxon, Esso, Mobil, ExxonMobil and Signum are trademarks of ExxonMobil Corporation or one of its subsidiaries. Marketing Affiliate - 
ExxonMobil Lubricants & Specialties
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528 Normal 
Account Number 117166 Description ENGINE CATERPILLAR 773D
Account Name BEAVER EXCAVATING Application Engine


Manufacturer CATERPILLAR
Date 12-Sep-2008 Model 3412
Signum Number 30103943 Registered Lubricant MOBIL DELVAC MX 15W40(US)


 
Comments: 


 
Sample ID 6072340043 5322294016 5224238004 5178283052 5136346055
Date Sampled 03-Mar -2006 11-Nov -2005 05-Aug-2005 20-Jun-2005 02-May -2005
Report Date 15-Mar -2006 21-Nov -2005 16-Aug-2005 29-Jun-2005 18-May -2005
Brand MOBIL MOBIL MOBIL MOBIL MOBIL
Lubricant Tested DELV 1300S DELV 1300S DELV 1300S DELV 1300S DELV 1300S
Equipment 15084 14781 14541 14315 14100
Oil Age 303 240 226 215 247
Resv. Temp
Make-up Gallons
Oil Changed Y Y Y Y Y
Filter Changed


  
Lubricant Data
Oil Rating S S S S B
Viscosity @ 100C 14.7/40 14.8/40 14.8/40 14.9/40 14.8/40
Glycol (Wt%) NotDetected NotDetected NotDetected NotDetected NotDetected
Oxidation (Ab/cm) 9 10 3 2 5
Soot (Wt%) 0.60 0.67 0.79 0.79 0.66
Water (Vol%) 0.00 0.00 0.00 0.00 0.00


Sample ID 6072340043 5322294016 5224238004 5178283052 5136346055
Report Date 15-Mar -2006 21-Nov -2005 16-Aug-2005 29 -Jun-2005 18-May -2005


  
Wear Elements (ppm)
Ag (Silver) 0 0 0 0 0
Al (Aluminum) 1 1 1 1 3
Cd (Cadmium) 0 0 0 0 0
Cr (Chromium) 0 0 0 0 1
Cu (Copper) 1 1 1 1 2
Fe (Iron) 31 33 28 33 +79
Mo (Molybdenum) 45 48 42 41 43
Ni (Nickel) 0 0 0 0 1
Pb (Lead) 0 0 0 1 0
Sn (Tin) 0 0 0 0 0
Ti (Titanium) 0 0 0 0 0


  
Contaminant Elements (ppm)
B (Boron) 33 31 22 24 32
K (Potassium) 1 1 2 1 4
Na (Sodium) 5 2 1 2 3
Si (Silicon) 3 2 2 2 4
V (Vanadium) 0 0 0 0 0


  
Additive Elements (ppm)
Ba (Barium) 0 0 0 0 0
Ca (Calcium) 2513 2646 2475 2432 2441
Mg (Magnesium) 489 503 457 440 449
P (Phosphorus) 1249 1363 1197 1212 1216
Zn (Zinc) 1462 1511 1366 1340 1301
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528 Caution 
Account Number 117166 Description ENGINE CATERPILLAR 773D
Account Name BEAVER EXCAVATING Application Engine


Manufacturer CATERPILLAR
Date 12 -Sep-2008 Model 3412
Signum Number 30103943 Registered Lubricant MOBIL DELVAC MX 15W40(US)


 
Comments: 


 
Sample ID 5136346055 5053124027 5012202009 4322126026 4295283010
Date Sampled 02 -May-2005 17-Feb -2005 30-Dec -2004 09-Nov -2004 13-Oct-2004
Report Date 18 -May-2005 23-Feb -2005 13-Jan-2005 20-Nov -2004 25-Oct-2004
Brand MOBIL MOBIL MOBIL MOBIL MOBIL
Lubricant Tested DELV 1300S DELV 1300S DELV 1300S DELV 1300S DELV 1300S
Equipment 14100 13853 13650 13319 13133
Oil Age 247 203 331 186 393
Resv. Temp
Make-up Gallons
Oil Changed Y Y Y Y Y
Filter Changed


  
Lubricant Data
Oil Rating B B S S S
Viscosity @ 100C 14.8/40 14.6/40 14.6/40 14.8/40 15.2/40
Glycol (Wt%) NotDetected NotDetected NotDetected NotDetected NotDetected
Oxidation (Ab/cm) 5 6 5 5 12
Soot (Wt%) 0.66 0.54 0.59 0.66 0.89
Water (Vol%) 0.00 0.00 0.00 0.00 0.00


Sample ID 5136346055 5053124027 5012202009 4322126026 4295283010
Report Date 18-May -2005 23-Feb-2005 13-Jan-2005 20-Nov-2004 25-Oct-2004


  
Wear Elements (ppm)
Ag (Silver) 0 0 0 0 0
Al (Aluminum) 3 3 2 1 1
Cd (Cadmium) 0 0 0 0 0
Cr (Chromium) 1 0 1 0 0
Cu (Copper) 2 2 3 7 11
Fe (Iron) +79 +93 44 28 38
Mo (Molybdenum) 43 42 45 47 44
Ni (Nickel) 1 0 0 0 0
Pb (Lead) 0 0 1 0 2
Sn (Tin) 0 0 1 0 0
Ti (Titanium) 0 0 0 0 0


  
Contaminant Elements (ppm)
B (Boron) 32 35 29 28 20
K (Potassium) 4 2 3 2 1
Na (Sodium) 3 1 2 3 1
Si (Silicon) 4 5 8 6 3
V (Vanadium) 0 0 0 0 0


  
Additive Elements (ppm)
Ba (Barium) 0 0 0 0 0
Ca (Calcium) 2441 2355 2382 2688 2988
Mg (Magnesium) 449 470 467 513 640
P (Phosphorus) 1216 1124 1159 1293 1441
Zn (Zinc) 1301 1254 1345 1472 1725
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528 Normal 
Account Number 117166 Description ENGINE CATERPILLAR 773D
Account Name BEAVER EXCAVATING Application Engine


Manufacturer CATERPILLAR
Date 12-Sep-2008 Model 3412
Signum Number 30103943 Registered Lubricant MOBIL DELVAC MX 15W40(US)


 
Comments: 


 
Sample ID 4295283010 4264561021 4212445037 4190273037 4161283031
Date Sampled 13-Oct-2004 10-Sep-2004 26-Jul-2004 30-Jun-2004 01 -Jun-2004
Report Date 25-Oct-2004 23-Sep-2004 02-Aug-2004 09-Jul-2004 11 -Jun-2004
Brand MOBIL MOBIL MOBIL MOBIL MOBIL
Lubricant Tested DELV 1300S DELV 1300S DELV 1300S DELV 1300S DELV 1300S
Equipment 13133 12740 12383 12140 11911
Oil Age 393 357 243 229 311
Resv. Temp
Make-up Gallons
Oil Changed Y Y Y Y Y
Filter Changed


  
Lubricant Data
Oil Rating S S S S S
Viscosity @ 100C 15.2/40 15.1/40 14.8/40 15.0/40 15.0/40
Glycol (Wt%) NotDetected NotDetected NotDetected NotDetected NotDetected
Oxidation (Ab/cm) 12 10 7 8 11
Soot (Wt%) 0.89 0.87 0.74 0.68 0.68
Water (Vol%) 0.00 0.00 0.00 0.00 0.00


Sample ID 4295283010 4264561021 4212445037 4190273037 4161283031
Report Date 25 -Oct-2004 23-Sep-2004 02 -Aug-2004 09-Jul-2004 11-Jun-2004


  
Wear Elements (ppm)
Ag (Silver) 0 0 0 0 0
Al (Aluminum) 1 1 1 2 2
Cd (Cadmium) 0 0 0 0 0
Cr (Chromium) 0 0 0 0 0
Cu (Copper) 11 4 2 4 7
Fe (Iron) 38 38 25 25 25
Mo (Molybdenum) 44 47 46 50 46
Ni (Nickel) 0 0 0 0 0
Pb (Lead) 2 2 1 0 1
Sn (Tin) 0 0 0 0 0
Ti (Titanium) 0 0 0 0 0


  
Contaminant Elements (ppm)
B (Boron) 20 22 21 28 26
K (Potassium) 1 1 1 2 1
Na (Sodium) 1 0 0 0 1
Si (Silicon) 3 3 3 3 3
V (Vanadium) 0 0 0 0 0


  
Additive Elements (ppm)
Ba (Barium) 0 0 0 0 0
Ca (Calcium) 2988 3115 2802 3403 3232
Mg (Magnesium) 640 638 505 715 651
P (Phosphorus) 1441 1460 1325 1650 1472
Zn (Zinc) 1725 1834 1614 1953 1789
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528 Normal 
Account Number 117166 Description ENGINE CATERPILLAR 773D
Account Name BEAVER EXCAVATING Application Engine


Manufacturer CATERPILLAR
Date 12-Sep-2008 Model 3412
Signum Number 30103943 Registered Lubricant MOBIL DELVAC MX 15W40(US)


 
Comments: 


 
Sample ID 4114436028        
Date Sampled 16-Apr-2004        
Report Date 27-Apr-2004        
Brand MOBIL        
Lubricant Tested DELV 1300S        
Equipment 11600        
Oil Age 218        
Resv. Temp        
Make-up Gallons        
Oil Changed Y        
Filter Changed        


  
Lubricant Data
Oil Rating S        
Viscosity @ 100C 14.5/40        
Oxidation (Ab/cm) 8        
Soot (Wt%) 0.48        
Water (Vol%) 0.00        


Sample ID 4114436028        
Report Date 27-Apr-2004        


  
Wear Elements (ppm)
Ag (Silver) 0        
Al (Aluminum) 1        
Cd (Cadmium) 0        
Cr (Chromium) 0        
Cu (Copper) 8        
Fe (Iron) 13        
Mo (Molybdenum) 45        
Ni (Nickel) 0        
Pb (Lead) 0        
Sn (Tin) 0        
Ti (Titanium) 0        


  
Contaminant Elements (ppm)
B (Boron) 34        
K (Potassium) 1        
Na (Sodium) 2        
Si (Silicon) 3        
V (Vanadium) 0        


  
Additive Elements (ppm)
Ba (Barium) 0        
Ca (Calcium) 2910        
Mg (Magnesium) 579        
P (Phosphorus) 1411        
Zn (Zinc) 1614        


 


Normal +Caution *Alert


Results and comments of this analysis are advisory only; the validity of the data may be impaired by a non-representative sample or incorrect data. This 
analysis is provided for the confidential information of the party submitting it. Any use by any other person is prohibited. © Copyright 2003 Exxon Mobil 
Corporation. Exxon, Esso, Mobil, ExxonMobil and Signum are trademarks of ExxonMobil Corporation or one of its subsidiaries. Marketing Affiliate - 
ExxonMobil Lubricants & Specialties


Page 1 of 1


9/12/08file://C:\Documents and Settings\kwbrandt\Local Settings\Temp\notes9A744D\SampleResults_080912_032045.htm







Engineering Service Report 
 


 


 


 


Appendix 3 
 
2004 Mobil PES Engineering Letter 


  


  
 















Engineering Service Report 
 


 


 


 


Appendix 4 
 
Total Cost of Ownership Reduction Calculations 


 
 
 
 
 
 
 
 
 


 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 







Engineering Service Report 
 


 


Total Cost of Ownership Reduction 


Revenue Enhancement 


Primary TCO 
Component  Impacted: 


Revenue 


(A) 
Annual Unit 


Improvement 


(B) 
Unit  


Value 


(C) 
Increased  


Cost 


Profit  
Improvement 


A*(B-C) 
No impact due to 
equipment redundancy. 


N/A N/A N/A N/A 


Total Savings:  N/A 


It is assumed that due to equipment redundancy, operating revenue was not impacted at the time of 
this rebuild. 


 


Asset Improvement 


Primary TCO 
Component 


Impacted: Assets 


(A) 
Quantities 
Reduced 


(B) 
Value of 


Asset 


(C) 
Possession 


Cost (%) 


Dollars 
Freed 
(A*B) 


Asset 
Savings 
(A*B)*C 


Part Inventory for 1 
Engine Rebuild 


1 $35,000 20% $35,000 $7,000 


Total Savings:  $7,000 


This is an inventory value savings of at least $7,000.  This is based on an estimate $35,000 in 
replacement components with an inventory/opportunity cost of 20%.   This 20% includes storage, taxes, 
lost opportunity, interest, shrinkage, etc.  


 


Process Enhancement 


Primary TCO 
Component 
Impacted: 
Processes 


(A) 
Past 


Process 
Costs 


(B) 
Frequency 


of Past 
Use 


(C) 
Proposed 
Process 


Cost 


(D) 
Proposed 
Frequency 


Process 
Savings 
(A*B) – 
(C*D) 


Two Mechanics 
in 2008 


$40 / Hr. 160 Hours $40 / Hr. 0 Hours $6,400 


Total Savings:  $6,400 


Two maintenance crew members would require approximately 2 weeks rebuilding this engine.  While it 
cold be argued that there is no labor savings as these mechanics would still be on staff regardless of 
the rebuild, it could also be argued that these mechanics could be performing preventative 
maintenance activities instead of rebuild work. 
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Total Cost of Ownership Reduction 


Expenditure Reduction 


Primary TCO Component 
Impacted:  


Expenditures 


(A) 
Annual Quantities 


Impacted 


(B) 
Price  


Differences 


Annual  
Savings 


(A*B) 


Engine replacement 
components. 


1 Engine Rebuild at 8,000 
Operating Hours 


$4.375/Hr - 
$3.50/Hr = 
$0.875/Hr 


$7,440 


Total Savings:  $7,440 


$35,000/7,900 Hours = $4.43 per hour 


$35,000/10,000 Hours = $3.50 per hour 


$4.43 - $3.50 = $0.93 


$0.93 X 8,000 Operating Hours = $7,440 
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Mobil’s Extended Oil Drain Interval Methodology

Process and Practice

Prepared Especially To:



ABC Construction
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Key Elements to Successfully Establishing an Extended Drain Interval Program

Unique solution for each customer/vehicle type/application

Quantifying the total cost savings potential

Understanding the fleet’s operating parameters

Engine makes/models, technology, fuel economy, % idling, etc.

PM scheduling recommendations include overall maintenance for both regreasing intervals and oil and oil filter service intervals 

Designing and implementing a meaningful field validation program

Using top quality Signum laboratory 

Utilizing experienced technical experts for data analysis and results interpretation

Customer/OEM/Mobil cooperation and communication
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Mobil Extended Service Interval Program 


Drain Interval Determination is Far More Science than Happenstance !!



Mobil employs a unique data driven methodology along with Mobil’s higher performance fleet lubricants to identify the lowest total cost PM service schedule for fleets.

Our innovative approach results in a customized PM service schedule designed for a specific fleet’s unique operating characteristics and business objectives.   By using a data driven approach, we safely ensure the lowest total operating cost per mile without any sacrifice to vehicle residual value, engine durability or reliability. 
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4

Mobil Extended Oil Drain Program

Phase 1 - Feasibility Analysis

Fleet operating/equipment profile

Select targeted intervals; engine oil and oil filter targets

Conduct economic review

Field Test Protocol (Draft)



Phase 2 - Conduct Field Test 

Gather equipment operating data

Gather oil filter and used oil analysis data 

Periodic progress reviews with customer



Phase 3- Final Review of Test Data

Review field test results

Determine oil drain and filter change intervals 

Recommendations backed by Mobil



Phase 4 - Program Maintenance

Convert fleet to new oil drain interval

Annual Business Reviews (minimum) with Customer
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