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	SOP: Enclosed Gears Inspection, Stationary Equipment
	DATE


5/09/2011
	(   NEW 

SYMBOL 111 \f "Wingdings"   REVISED
___ Number
	PAGE 1 of 5

	TYPICAL CUSTOMERS

Gen Mfg, Cement, Steel, Paper mills
	WORK TYPE

Enclosed Gears Inspection
	WORK ACTIVITY (Description)
Oil Sampling, Temperature Checks, Filter and Breather Inspections, Teeth wear mode

	DEVELOPMENT TEAM
	POSITION / TITLE
	REVIEWED BY/DATE
	POSITION / TITLE

	Fabian Geniz
	Lube Engineer
	Luis Rojas  10/03/2011
	FES Supervisor

	Ricardo Orta
	Lube Engineer
	Tom Schiff 10/24/2012
	FEM Americas

	
	
	
	

	PLEASE UTLIZE ATTACHED GENERAL JSA AS GUIDANCE AND, IF YOU HAVE DONE A SITE SPECIFIC JSA. 

PLEASE ASSESS YOUR OWN CONDITIONS OR SPECIFIC SAFETY REQUIRMENTS AND BE SAFE.  
Paper Mill Gear Inspection JSA
Cooling Tower Gear Inspection JSA
Wind Turbine Gear Inspection JSA
General Gear Drive Inspection JSA   

	EQUIPMENT INDEPENDENT OF JSA                                                                                DESIRED DOCUMENTATION                                                                      

	(   CLIPBOARD OR TABLET PC                (  BORESCOPE 
(   IR GUN                                                   (   RAGS
(   FLASHLIGHT                                         (   TELESCOPIC MAGNET
(   SAMPLE KIT                                          (   SIGNUM ONBOARD   

                                                                             TEST KITS
(   CAMERA                                                             
(   GEAR INSPECTION REPORT TEMPLATE
DO NOT OPEN THE GEAR CASE BY YOURSELF. ALLOW CUSTOMER REPRESENTATIVE / AUTHORIZED PERSONNEL TO OPEN IT.                                               
	(    DAY OF - ENGINEERING SERVICE NOTICE (ESN) AS LEAVE BEHIND

(    FINAL - ENGINEERING SERVICE REPORT (ESR) WITH TOTAL COST of OWNERSHIP (TCO) SAVINGS

OTHER (SPECIFY)    

(    GEARBOX  INSPECTION CHECKLIST  

(    PRIOR INSPECTION CHECKLISTS  TO REVIEW TEMP PLOTS & CONDITIONS

 

	TIME ESTIMATED TO COMPLETE THIS TASK                                                                 NUMBER OF PEOPLE TO PERFORM THIS TASK

	30 - 40 MINUTES PER ENCLOSED GEAR UNIT (ONCE OPEN)
	1 -2 

	FREQUENCY TO PERFORM THIS TASK                                                                          SKLLS REQUIREED TO PERFORM THIS TASK                                                                      

	DEPENDS ON GEAR SET CONDITION, USUALLY ONE TIME PER YEAR FOR UNIT. IN CASE THAT GEARS PRESENT SOME DAMAGE, SHORTER FREQUENCY SHOULD BE AGREED WITH CUSTOMER.
	(    GEAR FAILURE MODE ANALYSIS
(    GEARS LUBRICATION (LUBRICATION FUNDAMENTALS, 2ND EDTION, PIRRO & WESSOL, CHAP 8, PAGES 204-221)



	JOB COMPETANCIES REQUIRED TO PERFORM THIS TASK, 
	TRAINING REQUIRED TO PERFORM THIS TASK 

	PRODUCT SELECTION & APPLICATION - GEAR OILS.

TECHNICAL KNOWLEDGE

PROBLEM SOLVING
INDUSTRIES - GENERAL MANUFACTURING, STEEL MILLS, METALS
 - SUCCESFULLY PERFORMED GEAR INSPECTIONS
	(    lms - TECHNICAL WRITTING eLearn 

(    lms - GEARS, BEARINGS & COUPLINGS eLearn 
(    lms - PROBLEM SOLVING - ANALYTICAL eLearn
(    INDUSTRIAL GEAR LUBRICATION ANSI/AGMA 9005-E02 STANDARD

(    TCO & BENEFIT SELLING
(    VIDEO - MOBILGEAR 600 XP SERIES
(    On The Job Training Shadowing Experienced LE


PURPOSE - To describe the process of conducting an enclosed gear box inspection, with the desired reporting that provides the value back to the customer that supports our standard Marketing Offer.
(External Offer Sheet:  
http://intratta.na.xom.com/emdn/sbps/technical/engg_services/Americas/Gear_Inspection%20.pdf

(Internal Offer Sheet:  Place holder when available)

	LOCATION
	JOB STEPS

	Planning for the gear inspection from home office

Production Area for Equipment to be Inspected
	· Before visiting the gearbox site, set plans/expectations with responsible customer personnel for; site safety (follow JSA), specific gearboxes to inspect, personnel to ensure LOTO, personnel for opening/closing inspection covers, accessing gearboxes, other work planned near gearboxes/potential risks; welding, load lifting, forklift traffic, crane operation, etc.
· Review used oil analysis data or abnormal vibration data from customer.
· Verify that the gearbox drawings, disassembly tools and adequate inspection facilities are available.
· Ask for as much background information as possible, including manufacturer’s part numbers, gear and bearing runtime (hours), service history and lubricant type.

· Assemble your inspection equipment, including items such as a flashlight, magnifying glass, measuring tools, felt tip markers, lubricant sampling equipment, photographic equipment and documentation worksheets. 
· Review inspection process and verify gearbox opening/closing needs with the technician who will be working with you.
· Review the gearbox assembly drawings with the technician, checking for potential disassembly problems.

	Enclosed Gear Inspection

	In case the equipment is operating, thoroughly inspect its exterior. Use the Gearbox checklist as a guide to ensure that you record important data that would otherwise be lost once disassembly begins:
· Leakage at shaft or any fitting
· Oil level
· Oil flow meters and pressure gages to see if working properly

· Oil pump, meters and lines for proper operation and any leakage

· Heat exchanger condition and temperature differentials (oil and water)

· Check oil filter indicators or differential pressures gages if working properly
· Bulk oil and bearings temperature
· Breather condition
· Abnormal noise or vibration
· Sampling points
· Seals and keyways

If the gearbox is stopped after your arrival, allow the equipment to cool.
Perform LOTO, make sure electrical energy to the motor and oil supply pumps is locked out and tagged out.

	
	Once the gearbox is stopped and cooled:
· Have technician open inspection cover. If opening inspection covers is not possible, use the borescope and access gears through bolt holes and breather pipes.  Refer to Gas Engine Borescope SOP for borescope operating practices.
· Allow oil vapor to dissipate; avoid breathing it. 

· If a schematic of gears is not available, draft it by hand to include if possible number of teeth, diameter, face width, center distance and bearings designation. Record data from the OEM plate on the gearbox and electric motor cases.
· Verify the lubrication method: splash or bath.
· Look at inspection cover or top of gearbox for signs of condensation.

· Look at oil galleys for any debris built up that could impede oil flow to bearings.
· Inspect closely the dynamic surfaces of gear teeth and bearings and record their condition. Define wear patterns at each section of gears inspected;  addendum, dedendum, root, tip.

	
	· Make pictures of gears, bearings and interior of gearbox, so you can refer them in your report
· Look at the bottom of the gearbox for contaminants / debris / foam.

	
	· If gear teeth need cleaning for a proper photograph or further observation, have customer wipe them clean.
· Take pictures of gear teeth in a way that wear, pitting and marks on the surface can be seen.
· Try to take pictures in angle to avoid the flash light of the camera to be reflected on the teeth surface and captured in the image. Use flashlight to help camera focus than move flashlight off area to be photographed and take picture.  Check saved image for proper exposure.
· Take as many pictures as needed
· If possible, take pictures of bearings and oil nozzles
· Concentrate on collecting evidence, not on determining the cause of wear. Regardless of how obvious the cause may appear, do not form conclusions until all the evidence is considered.
· Remove LOTO on Oil Pumps and ask customer to turn on oil pumps to observe oil flow through nozzles for proper delivery. Be aware of spray around the inspection cover.

	
	· Once you have enough pictures, ask the customer to close the cover, remember that gearbox should be open the shortest time possible, to avoid contaminants getting inside.
· Obtain an oil sample if not part of routine sampling program.
· Double check for the number of rags you have at the end of inspection; make sure you haven't forgotten any items inside the gearbox.
· Collect all the equipment used in the inspection 

	Maintenance / Operation office
	· Download the pictures to your laptop and name each one according to the gear it shows and a consecutive number.
· Review your observations with maintenance personnel, regarding wear, marks on teeth surface, contaminants and any other condition.
· Give recommendations on lubrication or maintenance practices that may apply

· Prepare an ESN with the most important findings and recommended action items of the condition of the gearbox and comments based on wear and observations.
· On the ESN describe components in a consistent way. For example, always start with the same part of a bearing and progress through the parts in the same sequence. This helps to avoid overlooking any evidence.

	Home Office
	· Prepare gear inspection using the ESR template; see inspection example next.

	Feedback about this SOP – Send to Field Engineering Support Supervisor/Advisor
	


Equipment to perform the task (illustrative):
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IR Gun




Borescope
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Signum Field Test Kit

DOCUMENTING YOUR WORK - The Gear Inspection is used to verify the performance of Mobil premium and flagship gear oils. The Gear Failure Inspection Instructions and Gear Failure Inspection Report can be used as a guide to assist in the inspection and preparing an Engineering Service Notice or Engineering Service Report. Proper placement is in an Appendix. TCO calculations that may apply are: Expenditures Reduction, Process Improvement, Revenue Enhancement and Asset Improvement as detailed below.  The TCO Worksheets are the preferred format to include in your report. Proper placement is in an Appendix.  Additional guidance will incorporate our messaging of TCO to include Sustainability, Safety and Productivity relationships.
Expenditure Reduction - reduced lubricant purchase costs are the most typical expenditure savings. These only result from the offset of extending lube application intervals from the previous lube against the increased price of Mobilgear 600 XP / Mobil SHC Gears / Mobil SHC 600's products.  Expenditures could also be the cost of gears and bearings replacement (cost depends on size of each). This may allow the customer to plan for a replacement during a planned outage instead of an emergency shutdown. A third expenditure may come from disposal costs of used 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 premium and flagship Mobil gear oils as they apply or have applied in time.

Process Improvement - the hourly wages (including burden) for personnel to perform existing tasks.  If gears and bearings replacements or lubricant change outs are reduced, use these to determine Process improvements.  If 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 gearbox 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, if you reduce the quantity of lube needed, take that amount cost and multiply by the "cost to carry" to determine the Asset value.

Refer to Expenditure Reduction, Process Improvement, Revenue Enhancement, Asset Improvement and TCO Summary Worksheet.  
Documentation Links: 
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How to inspect a Gearbox, Robert Errichello article, Machinery Lubrication, (2/2012)

Thunder Clinic – Gear Inspection Best Practices, (10/2012)

Standard Operating Procedure (SOP)


Read all of the steps in this SOP before beginning work.         Follow customer labor requirements (eg respect Union work)








Execution: Team using proper tools and equipment
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Gear Failure Inspection Instructions


To Use Template: Open template as is. Click on FILE; SAVE AS and rename the file to a new document. Then continue typing within that document. By performing a SAVE AS, the template will be kept in tact, ready to be used the next time.


		ACTION REQUIRED



		Yes/No:

		Insert a check mark in the “yes” or “no” box to indicate customer response.



		Date:

		List the inspection date in the following numeric format: mm/dd/yyyy. I.E. 04/27/1998.



		CUSTOMER DATA



		Customer Name:

		Provide full company name.



		Customer Location:

		Provide company city and state.



		EQUIPMENT DATA



		Equipment Name:

		Identify the gear being inspected by operational verbiage. I.E. 1st Dryer Section Drive.



		Equipment Number:

		List the alphanumeric equipment number.



		GEAR DATA



		Gear Schematic:

		Choose the schematic using standard copy and paste procedure or draw in the block.



		Gear Manufacturer:

		Provide the name of the original equipment manufacturer.



		Gear Model:

		List the alphanumeric gear model.



		Gear Type:

		Indicate the gear type. I.E. Spur Helical, Herringbone, Spiral Bevel or Worm Gear.



		Gear Serial Number:

		List the alphanumeric serial number.



		Oil In Service:

		List the full name of the lubricant in use.



		Oil Capacity:

		List in gallons.



		Gear Ratio:

		List the gear ratio.



		RPM:

		Indicate the operating input/output RPM.



		HP:

		List the power rating in horsepower, HP.



		Installed:

		List the year the gear was installed in a four digit numeric format. I.E. 1998.



		REDUCER CONDITIONS



		Oil Condition:

		Provide the results of oil analysis as follows – 1. Satisfactory. No additional comments are required. 2. Borderline or Unsatisfactory with brief explanation of exceptions.



		Gear Case Condition:

		Provide a brief description of the internal and external integrity; referencing air breathers, seals, oil level/gauge, fill hole, oil troughs, oil spray nozzles, wall cleanliness, etc.





Gear Failure Inspection Instructions


		GEAR INSPECTION FINDINGS



		High Speed Pinion:

		Provide a description of gear tooth appearances using industry terminology contained in Mobil’s Glossary of Gear Terms, Gear Tooth Terminology and Wear Pattern Identification and Causes, Gears and Their Lubrication, and Gear Lubrication Self Instruction Course. Indicate availability of photographs.



		High Speed Gear:

		



		Intermediate Speed Pinion:

		



		Intermediate Speed Gear:

		



		Low Speed Pinion:

		



		Low Speed Gear:

		



		GEAR INSPECTION FINDINGS



		Correlation(s):

		Draw a conclusion between any unusual gear tooth appearances and causes. Then try to provide a root cause of the damage.



		Recommendation(s):

		Provide a course of action(s) to rectify any discrepancies noted in report.



		Saving(s)/Benefit(s):

		State the reliability improvements in dollars saved avoided or reduced.



		PHOTO PAGES



		Photo Number:

		Identify the number of the photograph to be processed and used. Indicate photo orientation on hardcopy.



		Photo File:

		Identify the file name associated with each set of photos.



		Photograph ID:

		Describe the identification of the photograph. I.E. High Speed Pinion Left Helix Flank.



		Photograph Caption:

		Describe the appearance of the identified photographs using the same language used in the component comments.





*If captions run too long under photographs only one horizontal photograph may fit on a page.


Gear Failure Inspection Instructions.doc
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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. 


  


 
  


2008 Gear Inspection of 4-Hi Hot 
Mill Stand a TCO Value of 
$63,000.   


RMI Titanium 
Niles, Ohio 
 
April 15, 2008  


  
  







Engineering Service Report 
 


Exxon Mobil Corporation  RMI Titanium 
April 15, 2008 


Highlights 
This Mobil Industrial Lubricants report documents the gear inspection conducted on April 15, 2008 of 
the 4-Hi Hot Mill main gearbox and pinion stand.  The resultant total cost of ownership reduction is 
listed below. 
 
Total Cost of Ownership Summary 
TCO Category Notes Savings 
Revenue Enhancement No impact on revenue is assumed in this calculation N/A 
Process Improvement No impact on labor is assumed as labor is a fixed cost. N/A 
Expenditure Reduction 25% gear and pinion life extension is assumes $35,000 
Asset Improvement Avoiding storage of a back-up gear set at 20% impact. $28,000 
 Total Savings $63,000 


Situation 
Mobil Industrial Lubricants inspected the 4-Hi Hot Mill main gearbox and pinion stand for RMI 
Titanium.  The inspection documented an apparent axial misalignment condition issue between the #5 
pinion and the #6 output gear as exhibited by the classically recognizable gear wear pattern.   


Recommendation 
Correct this classic misalignment condition of the #5 pinion and the #6 output gear.  An axial 
misalignment or "out of parallel" condition appears prevalent.  Monitor lubricant flow to the mesh of the 
#5 pinion and the #6 gear as well.   


Result 
Considerable opportunity to extend the life of the main drive gears by at least 25% avoiding unplanned 
downtime preventing premature gear failure.  A TCO reduction of at least $63,000.   
 
Mobil Industrial Lubricants thanks Mr. Larry Root for the opportunity to assist RMI Titanium.  As 
always, we appreciate your lubrication business. 


Respectfully submitted, 
Exxon Mobil Corporation 
 
 
 
K. W. Brandt, CLS 
Lubrication Engineer 
 
 
 
L. Copeland 
Sales Engineer 
 
 
 
J. O. Sewall, CLS 
Field Engineering Advisor 
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Discussion 
This Mobil Industrial Lubricants gear inspection documents the April 2008 findings of the 4-Hi Mill main 
drive and pinion stand at RMI Titanium in Niles, OH.  This service was purchased at a discounted rate 
and provides a support of your business goal to meet insurance requirements and to maintain 100% 
equipment reliability in this production area. 


Main Gear Drive 
The apparent axial misalignment condition documented in 2006 appears to still exist.  The #5 pinion 
and the #6 output gear appear to be out of parallel.  This condition is well documented photographically 
in Appendix #2.   
 
 


 
 
 
As the diagram above shows, when a gear set is out of parallel, the load is not evenly distributed 
across the entire tooth.  On a herringbone gear, the load is concentrated near the apex on one side of 
the gear, and on the far edge by the other side of the gear.  The condition was witnessed on the mesh 
of the #5 and #6 gear set. 
 
A misalignment condition will likely shorten the expected life of this gear set.  The cost of a replacement 
gear set has been estimated at $140,000 and would require at least a week of downtime to replace 
impacting production.  The photos below, taken from the main mill drive, exhibit this pattern perfectly 
confirming the misalignment condition. 
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#6 Output Gear - North side of herringbone split.  Load wear is concentrated near the apex. 


 
 
 


#6 Output Gear - South side of herringbone split. Load wear is concentrated near the end of the gear. 
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Pinion Stand 
The condition of the pinion stand gears is similar to that during the 2006 inspection.  These gears 
exhibit considerable scuffing.  The southwest side of the #1 gear exhibited macro pitting slightly below 
the pitch-line.   
 


#1 Gear Southwest Side Looking Down - Scuffing and macro-pitting below the pitch-line. 


 
 


The gear appears to exhibit considerable scuffing, particle denting, and some macro-pitting.  It may be 
a good idea to install a magnet in this gearbox in order to monitor the amount wear metals being thrown 
off by this gear.  The magnet could be pulled periodically for examination.   
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Removing solid wear metal debris via "magnetic filtration" is very cost efficient and quite effective.  
Magnetic filtration can assist gear condition monitoring and reduce the likelihood of particulate denting 
of gear surfaces. 
 
 


#2 Gear South Side - Considerable more pitting on the south end of the south half.  


 
 
 
Like the main mill drive, wear concentrated on one side of a gear may indicate a misalignment 
condition.  This pitting in the photo above extends below the pitch line into the tooth flank.  The gear 
face, that area above the pitch-line, exhibits scuffing.  Assure adequate lubricant flow to the mesh of 
these two gears. 
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Appendix 1 
 
Total Cost of Ownership Reduction Calculations 
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Total Cost of Ownership Reduction 


Revenue Enhancement 


Primary TCO 
Component 
Impacted: 
Revenue 


 
Annual Unit 


Improvement 
(A) 


 
 


Unit Value 
(B) 


 
 


Increased 
Cost (C) 


 
Profit 


Improvement 
A × (B - C) 


No Impact of 
Revenue 
Assumed 


N/A N/A $0 N/A 


Total Savings: N/A 


The goal of this report is to document the condition of the gears in service.  The gears have been in this 
condition for considerable time.  No impact on production and therefore revenue is assumed at this 
time. 


 


Asset Improvement 


Primary TCO 
Component 
Impacted: 


Assets 


 
 


Quantities 
Reduced (A) 


 
 


Value of 
Asset (B) 


 
 


Possession 
Cost (%) (C) 


 
Dollars Freed 


(A × B) 


 
Asset 


Savings (A 
× B) × C 


Storage of back-
up gear set 


1 Set $140,000 20% $140,000 $28,000 


Total Savings: $28,000 


Storage of back-up gear consumes cash and puts it in the form of inventory that requires space, 
taxation, and maintenance.  Assume 20% possession cost. 


 


Process Enhancement 


Primary TCO 
Component 
Impacted: 
Processes 


Past 
Process 
Costs 


(A) 


 
Frequency of 


Past Use  
(B) 


 
Proposed 
Process 
Cost (C) 


 
Frequency 
of Current 


Use 
(D) 


 
 
 


Process Savings 
(A × B) – (C × D) 


No Impact on 
Labor Costs is 
Assumed 


$40/Hour N/A $40/Hour N/A N/A 


Total Savings: N/A 


No labor impact is assumed.  This cost savings did not result in the reduction of daily manpower as 
manpower costs are relatively fixed. 
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Total Cost of Ownership Reduction 


Expenditure Reduction 


Primary TCO 
Component 
Impacted: 


Expenditures 


 
 


Annual Quantities 
Impacted (A) 


 
 
 


Price Differences (B) 


 
 
 


Annual Savings (A × B) 


Purchase of 
back-up Gear Set 


1 Set $140,000 X 25% Life 
Extension 


$35,000 


Total Savings: $35,000 


The estimated cost of a new #5 pinion and #6 output gear is $140,000.  Assuming a 25% life extension 
by correcting the apparent axial misalignment condition, results in a TCO reduction of $35,000.  See 
calculation. 
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Appendix 2 
 
Main Gearbox Inspection 
 


  


  
 







  


  


  
  


Unit ID: 4-HI Main Drive Gear Type:  Herringbone   


 
 Main Mill Drive Gears #1 - 6.


Gear 
Manufacturer: 


United Ratio: 


Gear Model:  Input RPM: 


Installation 
Date: 


 '1942 Output RPM:  


Serial Number: Oil Type:  Mobil Spartan 
EP320


Power Rating: 1,000 HP Oil Capacity:  1,800 Gallons


 Date Component Comment 


4/15/08 Gear Case Condition Some old oil varnish accumulation.


Oil Condition Good condition per Signum Oil Analysis


High Speed Pinion Pinion #1 - Good condition, no change in 
condition from March 2006 inspection


High Speed Pinion Pinion #2 - Good condition. No change in 
condition from March 2006 inspection.


High Speed Gear Gear #3 - Good condition. No change in 
condition from March 2005 inspection.


High Speed Pinion Gear #4 - Good condition. No change in 
condition from March 2006 inspection.


Intermediate Speed Pinion Pinion #5 - Macro pitting deep in the flank area 
on the north side looking west. On the south side 
looking west, there is considerable scoring and 
polishing along the face. Monitor the oil flow to 
this gear!


Output Pinions Output Gear #6 - Macro pitting across the pitch-
line extending into the flank on the north side of 
the gear. On the north side of the gear looking 
west, considerable macro-pitting extends into the 
flank. Pitting on the south side of the gear 
looking east. The northeast side of this gear has 
more severe pitting (misalignment condition?) On 


 
Gear Inspection 


Exxon Mobil Corporation 







the south side of the gear looking west, 
considerable heavy macro-pitting is concentrated 
near the apex of the herringbone. 


Recommended Action It appears that the #5 and #6 gears were once 
exposed to lube lubricant flow conditions. Lube 
flow to this gear mesh must be monitored and 
assured.


 
  


#1 Pinion & #3 Gear Mesh. Good condition. No condition change since March 
2006 inspection.


 
Gear Inspection 


Exxon Mobil Corporation 







 
  


#2 Pinion - Some scuffing near tooth tips. No major condition change.


 
Gear Inspection 


Exxon Mobil Corporation 







 
  


#2 Pinion & #4 Gear Mesh - No apparent condition changes since 2006.


 
Gear Inspection 


Exxon Mobil Corporation 







 
  


#5 Pinion - South side of herringbone split looking east. Minor scoring on tooth 
tips. Some particle denting. Minor pitting along the pitch-line. Old pitting above 
pitch -line appears to have healed over.


 
Gear Inspection 


Exxon Mobil Corporation 







 
  


#5 Pinion - North side of herringbone split looking east. Scuffing damage seems 
more severe than on south side. Heavier particle denting as well. This is caused 
by running the pinion with a severely macro-pitting gear. Tooth tip is smoothed 
over. Black material is likely magnetite iron oxide.


 
Gear Inspection 


Exxon Mobil Corporation 







 
  


Close -up of #5 Pinion - North side of herringbone split looking east. Highlights 
scuffing damage and particle denting caused by running the pinion with a 
severely macro-pitted gear. Also showing "smoothening" of tooth tip revealing 
possible inadequate tip relief condition with tip -to-root interference.


 
Gear Inspection 


Exxon Mobil Corporation 







 
  


#5 Pinion - North side looking west. Notice the beginning of macro-pitting below 
the expected pitch -line area. Tip relief is inadequate. Tooth tip is smooth 
indicating tip -to-root interference. Considerable scuffing above the expected 
pitch -line. Black material in the root is likely small particle "magnetite" iron oxide.


 
Gear Inspection 


Exxon Mobil Corporation 







 
  


#5 Pinion south side looking west - Scuffing, particle denting. Appears to be 
lightly loaded compared the north side looking west (see photo above this 
photo). Alignment? 


 
Gear Inspection 


Exxon Mobil Corporation 







 
  


#6 "Output Gear" - Looking straight down on the north side of this gear, one can 
see the east side is very lightly loaded whereas, the west side is very heavily 
loaded. This is likely indicative of an alignment issue with this reversing gear. 
The black material is small particle magetite iron oxide. One can see that it is 
barely removed on the north side. Compare this to the next photo of the south 
side.


 
Gear Inspection 
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#6 "Output Gear" - Looking down on the south side of the west spilt near the 
apex of the herringbone. The west side is severely macro pitted. Comparing this 
side to the previous photo indicates that this side of the gear is carrying the load 
by itself. It is overloaded due to an apparent misalignment condition.
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#6 "Output Gear" - North side looking east. Macro-pitting across the face and 
extending into the flank. Considerable gear loaded during this direction of gear 
rotation.
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#6 "Output Gear" - South side looking east. Macro pitting on one side of the 
teeth and no load carried on the other side of teeth as indicated by the black 
magnetite iron oxide accumulation. This reflects what was witnessed on the 
north side as well. Misalignment condition?
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#6 "Output Gear" - North side looking west. Heavy macro-pitting on the NW end 
of the gear teeth extending in to the flank. This is destructive pitting.
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Appendix 3 
 
Pinion Stand Inspection 
 


  


  
 
 







  


  


  
  


Unit ID: 4-Hi Pinion Stand Gear Type:  Herringbone   


 
 Top Gear #1, Bottom Gear #2


Gear 
Manufacturer: 


Tippins 
Machinery


Ratio: 8.38:1


Gear Model:  Input RPM: 450
Installation 
Date: 


 '1942 Output RPM:  54


Serial Number: Oil Type:  Mobil Spartan EP 
320


Power Rating: 1,000 Hp Oil Capacity:  350


 Date Component Comment 


4/15/08 Gear Case Condition Some old oil varnish accumulation.


Oil Condition Good condition per Signum Analysis


High Speed Pinion (#2 Gear) - Potential Misalignment Condition. 
Minor pitting across SW flank, Scoring and 
scuffing across the SW gear face. Reversing 
side exhibits more pitting on south half of 
herringbone. On NW half, gear scuffing is 
concentrated on the North end. On the reversing 
side, the pitting is concentrated in the North end.


Low Speed Gear (#1 Gear) - Potential Misalignment Condition. 
Scuffing, scoring, and macro pitting below the 
pitch-line on the SW side of herringbone. NW 
side exhibited scuffing across the flank and 
minor pitting across the face. On the reversing 
side, the macro pitting is concentrated on the 
North end. 


Recommended Action Return to quarterly Signum Oil Analysis.
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#2 Input Gear SW Side Minor Pitting at Flank, Scoring, and Scuffing on Flank
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#2 Gear SW Reversing Side. Pitting concentrated on south end of south half.
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#2 Gear, North half, west side looking down. Considerable more scuffing on the 
north end.
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#2 Gear looking up. Concentrated pitting on the north end.
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#1 Output Gear - SW side of gear looking down. Scuffing, and scoring. macro 
pitting slightly below the pitch line.
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#1 Output Gear - North half looking down. Scuffing across the gear face. Minor 
pitting in the flank
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#1 Output Gear North End - High concentration of macro pitting and scuffing. 
Assure adequate lubricant supply.
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Total Cost of Ownership Calculations


Summary Worksheet


		Customer: Company Name



		



		Event:  






		



		Date: Month Day, Year 

		Location : City, State





		Revenue Enhancement:

		

		Notes: 



		Process Improvement:

		

		



		Expenditure Reduction:

		

		



		Asset Improvement:

		

		



		Special Services:

		

		



		Other Savings:

		

		



		Total Profit Impact:

		0.00

		





Total Cost of Ownership Calculations


Asset Improvement Worksheet


		TCO Components Impacted

		(A)
Quantities Reduced

		(B)
Value
of Asset

		(C) Possession Cost (%)

		Dollars
Freed
(A(B)

		Asset Savings = (A(B)(C



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		Note: Possession Costs = Interest, taxes, insurance, shrinkage/spoilage,
maintenance storage and other possession costs as an annual percentage of
the purchase price of the asset.

		$0.00

		$0.00

 SUM(e2,e3,e4,e5,e6,e7)) \# "0.00" 



		

		Total Dollars Freed

		Total Possession Cost Savings





Notes:


Total Cost of Ownership Calculations


Expenditure Reduction Worksheet


		TCO Components
Impacted

		(A) 
Annual Quantities Impacted

		(B) 
Price
Differences

		Annual
Savings
A(B



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		

		



		

		

		Total Price Savings

		0.00





Notes:


Total Cost of Ownership Calculations


Revenue Enhancement Worksheet


		TCO Components Impacted

		(A) 
Annual Unit Improvement

		(B) 
Unit 
Value

		(C) 
Increased Costs

		Profit Improvement = A ( (B-C)



		

		

		

		

		



		

		

		

		

		



		

		

		

		

		



		

		

		

		

		



		

		

		

		

		



		

		

		

		

		



		

		

		Total Profit Improvement

		0.00

 SUM(e2,e3,e4,e5,e6,e7)) \# "0.00" 





Notes:


Total Cost of Ownership Calculations


Process Improvement Worksheet


		TCO Components Impacted

		(A) 
Past Process Costs

		(B)
Frequency of 
Past Use

		(C) 
Current Process Costs

		(D)
Frequency of Current
Use

		Process Savings = 
   (A(B) – 
(C(D)



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		

		

		



		

		

		

		Total Process Savings

		0.00

 SUM(e2,e3,e4,e5,e6,e7)) \# "0.00" 





Notes:
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