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	SOP: Thermal Imaging Surveys/Studies
	DATE


06/12/2015
	(   NEW 

SYMBOL 111 \f "Wingdings"   REVISED
___ Number
	PAGE 1 of 11

	TYPICAL CUSTOMERS

All sectors
	WORK TYPE

Thermographic images and Temperature Data gathering & analysis
	WORK ACTIVITY (Description)
Gathering Thermographic images, temperatures on working units (for Gears, Bearings, Hydraulic units, etc…), to detect hot points/potential issues or obtain support to other required data (do not use temperature as a sole means measurement) for Energy Savings via side by side comparisons 

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

	Gilles DELAFARGUE
	Global FES Advisor
	Tom Schiff 
	Global FES Manager

	
	
	
	

	PLEASE UTLIZE ATTCHED 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.  

http://intratta.na.xom.com/emdn/sbps/docs/safety/jsa/JSA_Conducting_a thermographic  study.xls    

	EQUIPMENT INDEPENDENT OF JSA                                                                                DESIRED DOCUMENTATION                                                                      

	(    THERMAL IMAGING CAMERA  (IR CAMERA)
         Basic needs – Thermal Seek Device

         Advanced Needs – FLIR E40 or E50 or TESTO 881

(    TEMPERATURE  AND HUMIDITY TESTERS (CONTACT  not  IR THERMOMETER)  - if needed 
(  or alternately HEAT RESISTANT EMISSIVITY ADHESIVE TAPE (to be supplied from IR camera supplier)
(    ALUMINIUM FOIL (To be used as lambert radiator for setting the RTC- temperature of the reflected radiation)

(     CLIPBOARD, NOTEBOOK OR TABLET PC                                         
(    PERSONAL PROTECTIVE EQUIPMENT

	(   REACTIVE NON PES/MAJOR ACCOUNT OR ROUTINE RECOMMENDATION FOR A PES/MAJOR ACCOUNT

   - E-MAIL WITH IR CAMERA  (TESTO) REPORT ATTACHED AND RECOMMENDATION / GUIDELINES BASED ON IR PHOTOS / MEASUREMENTS (+ PHONE CALL AS REQUIRED)

(    PES/MAJOR ACCOUNT WITH RECOMMENDATION THAT HAS POTENTIAL TO SOLVE SUFFERING POINT/DELIVER VALUE
 -ENGINEERING SERVICE REPORT (ESR) OR BENEFIT PROPOSAL AS REQUIRED
.(    OTHER (SPECIFY)        

-DESCRIPTION OF FINDINGS  / PROPOSAL FOR FURTHER INVESTIGATION IF PROBLEM SOLVING

-ENERGY EFFICIENCY PROJECT PLAN 

-TCO PROPOSAL 

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

	 -TRAINING (Before First use) : 1 DAY TRAINING WITH EXPERIENCED ENGINEER (in-house training / share  of experience)
-PREPARATION : 0,5 -  1 HOURS EVALUATION AND UNDERSTANDING OF THE APPLICATION  (including discussion with customer) BEFORE STARTING MEASUREMENTS. 
-MEASUREMENTS: 0,5 – 2 HOURS DEPENDING ON THE NUMBER OF UNITS.
-POST WORK:  0,5 – 8  HOURS (analysis of results , reporting , presentation report to customer , etc.) DEPENDING IF SIMPLE E-MAIL OR FULL REPORT IS CONSIDERED.
	-1 trained person - typically EM Lube Engineer, Distributor Lube Engineer (for Basic and Advanced Surveys ) or Industrial Sales Advisor, Distributor Sales Representative(for Basic Surveys)

	FREQUENCY TO PERFORM THIS TASK                                                       SKILLS REQUIREED TO PERFORM THIS TASK                                                                      

	-DEPENDANT UPON CUSTOMER NEED AND EQUIPMENT AVAILABILITY.  TYPICALLY PERFORMED AS PRO-ACTIVE TECHNICAL APPROACH  or WHEN CUSTOMER DEMANDS ONSITE  ACTION
	- MECHANICAL / ELECTICAL / PHOTO DATA ANALYSIS APTITUDE

-OPERATE THERMAL IMAGING CAMERA



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

	-PROBLEM SOLVING SKILLS 

-UNDERSTANDING  ENERGY EFFICIENCY CONCEPT
-OFFER EXECUTION - BASIC OFFER EXECTION - ENERGY SAVINGS STUDY
-APPLICATIONS - HYDRAULICS, GEAR, BEARINGS, HYDRAULIC UNITS, …)

	(    (Before First use) : 1 DAY TRAINING WITH EXPERIENCED ENGINEER  (in-house training / share  of experience)
(    OTJ (ON THE JOB) LEARNING: 1-2 MONTHS REGULAR USE TO BECOME QUITE COMFORTABLE



PURPOSE - This SOP details the procedures to follow for Use of Thermal Imaging Camera (IR Camera) when conducting a customer site investigation, with the desired reporting that provides the value back to the customer, and  that supports our standard Marketing Offer. The goal of this offer is to use the Thermal Imaging camera (1) either as a “Problem Solver” assistance  tool to identify issues on applications (hot points), or (2) to support other evidence or evaluate  Energy Savings via side by side comparisons . It is not intended to make measurement in view or further claim of Energy Savings but rather used as  an  additional method to confirm/support the actual energy measurement results (do not use temperature as a sole measurement to claim energy savings).
SCOPE- Thermographic camera is a useful tool to provide additional confirmation of Energy savings in a process, when synthetic versus mineral lubricant is used, because differences in temperature are evidenced in a very user’s friendly way.  

 However it should be clear that any evaluation or measurement of energy savings by temperature difference measurement is not a trustable method. Therefore ExxonMobil does not recommend relying on temperature measurements as the only way measurement to validate energy savings, unless all other variables are understood and measured. Furthermore, very accurate temperature measurements are needed to validate energy savings. Most applications pose challenges due to load and other variables, to be able to use temperature as the only measurement. Especially  measurement should be handled at same ambient temperature and application in a stabilized mode.

Therefore It is generally difficult to make a correlation between the delta temperature °C, and the % Energy Savings, especially when cooling systems are fitted on the units, or when other factors like volumetric efficiency are involved in the savings process.

     However, non-cooled gearbox is a standard application in which we can have some acceptable correlation between decrease in temperature and % Energy Savings, providing that the  application is duly  stabilized and corresponding measurement to confirm it are done. The reason is because the losses are quasi proportional with temperature (Reference FZG –Dr Michaelis ”Gear Efficiency” April 2014).

Rig tests, field tests and field experience have shown  for such application, a typical efficiency gains in the range of 0,5 - 1 % per °C decrease.

 In such case we will of course only mention “range/ evaluation” of energy savings, and put appropriate comment or disclaimer to make clear limitation of the method.  


[image: image4]
It is quite important to first explain customer the scope of Thermography, what we can or cannot obtain from the measurements. Then discuss with customer about potential issues in their facilities, to identify opportunities for assistance problem solving, or develop explicit need from customer to lower energy consumption or improve energy efficiency, especially via use of synthetic lubricants. Discussion should include topic of sustainability. 
	LOCATION
	JOB STEPS

	OFFICE:

Understanding Thermography (=temperature measurement with a thermal imager)

	1-Theory of thermography

Every object with a temperature above absolute zero (0 Kelvin =

-273.15 °C) emits infrared radiation. This infrared radiation is invisible

to the human eye. As the physicist Max Planck proved as far back as 1900, there is a correlation between the temperature of a body and the intensity

of the infrared radiation it emits. A thermal imager measures the long-wave infrared radiation received within its field of view. From this it calculates the temperature of the object to be measured. The calculation factors are the

emissivity (ε) of the surface of the measuring object and the compensation

of the reflected temperature (RTC = reflected temperature

compensation), both variables that can be set manually in the

thermal imager. Each pixel of the detector represents a thermal spot that is shown on the display as a false colour image . 

Thermography (temperature measurement with a thermal imager)

is a passive, contactless measuring method. The thermal image

shows the temperature distribution on the surface of an object.

For this reason, you cannot look into or even through objects with

a thermal imager.

2-Emission, reflection, transmission

The radiation recorded by the thermal imager consists of the emitted,

reflected and transmitted long-wave infrared radiation emerging

from the objects within the field of view of the thermal imager.
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            Emission, reflection and transmission
[image: image6.emf] Emissivity (ε)
Emissivity (ε) is a measure of the ability of a material to emit (give

off) infrared radiation.

- ε varies according to the surface properties, the material and,

for some materials, also according to the temperature of the

measuring object.

-Maximum emissivity: ε = 1 ( 100%) (cf. “black body

radiators”). ε = 1 never occurs in reality.

-Real bodies: ε < 1, because real bodies also reflect and possibly

transmit radiation.

- Many nonmetallic materials (e.g. PVC, concrete, organic substances)

have high emissivity in the long-wave infrared range

that is not dependent on the temperature (ε ≈ 0.8 to 0.95).

- Metals, particularly those with a shiny surface, have low emissivity

that fluctuates with the temperature.

- ε can be set manually in the thermal imager.
[image: image7.emf] Reflectance (ρ)

Reflectance (ρ) is a measure of the ability of a material to reflect

infrared radiation.

- ρ depends on the surface properties, the temperature and the

type of material.

- In general, smooth, polished surfaces reflect more strongly

than rough, matt surfaces made of the same material.

- The temperature of the reflected radiation can be set manually

in the thermal imager (RTC).

- In many measurement applications, the RTC corresponds to

the ambient temperature. You can measure this using an

air thermometer, for example.

- The RTC can be determined using a Lambert radiator ( A piece of aluminium  foil crumpled and then unfolded again is a suitable substitute for a Lambert radiator ).
- The angle of reflection of the reflected infrared radiation is

always the same as the angle of incidence
[image: image8.emf] Transmittance (τ)

Transmittance (τ) is a measure of the ability of a material to transmit

(allow through) infrared radiation.

- τ depends on the type and thickness of the material.

- Most materials are not transmissive, i.e. permeable, to longwave

infrared radiation.

Kirchhoff’s radiation law

The infrared radiation recorded by the thermal imager consists of:

- the radiation emitted by the measuring object;

- the reflection of ambient radiation and

- the transmission of radiation by the measuring object.

The sum of these parts is always taken to be 1 ( 100%):

ε + ρ + τ = 1

As transmission rarely plays a role in practice, the transmission τ

is omitted and the formula is simplified to ε + ρ = 1.
For thermography this means:

The lower the emissivity,

- the higher the share of reflected infrared radiation,

- the harder it is to take an accurate temperature measurement

and

- the more important it is that the reflected temperature compensation

(RTC) is set correctly.

In summary:

 Measuring objects with high emissivity (ε ≥ 0.8):

- have low reflectance (ρ): ρ = 1 - ε.

- Their temperature can be measured very easily with the

thermal imager.

. Measuring objects with average emissivity (0.6 < ε < 0.8):
- have average reflectance (ρ): ρ = 1 - ε.

- Their temperature can be measured easily with the thermal

imager.

 Measuring objects with low emissivity (ε ≤ 0.6) ( Metals, particularly those with a shiny surface, have low emissivity).
- have high reflectance (ρ): ρ = 1 - ε.

- Measuring the temperature with the thermal imager is

possible, but you should examine the results very

carefully.

- Setting the reflected temperature compensation (RTC)

correctly is essential, as it is a major factor in the temperature calculation.

	
	3-Measuring spot and measuring distance

Three variables must be taken into account to determine the

appropriate measuring distance and the maximum measuring

object that is visible or measurable:

- the field of view (FOV);

- the smallest identifiable object (IFOVgeo) and

- the smallest measurable object/measuring spot (IFOVmeas).
[image: image9.png]



 The field of view of the thermal imager
The field of view (FOV) of the thermal imager describes the area

visible with the thermal imager. It is determined by the lens used

 (e.g. 32° wide-angle lens – standard for testo 875 and testo 881).
In addition, you should know the specification for the smallest identifiable

object (IFOVgeo) of your thermal imager. This defines the size

of a pixel according to the distance.
[image: image10.png]



Field of view of an individual pixel
With a spatial resolution of the lens of 3.5 mrad and a measuring

distance of 1 m, the smallest identifiable object (IFOVgeo) has an

edge length of 3.5 mm and is shown on the display as a pixel. To obtain a precise measurement, the measuring object should be  3 times larger than the smallest identifiable object (IFOVgeo). (so 10,5 mm here)


	CUSTOMER SITE:

Planning when to apply Thermography

How to execute Thermography
	Understand customer business goals and suffering points that thermography may address. Typical areas include:

· Hot running bearings with less than optimal bearing life and/or high grease consumption

· Hot running bearings where oil flow may be less than optimal due to low flow rates, blocked return lines, deposits, etc.

· Couplings with less than optimal life and/or high grease consumtion due to misalignment, poor hub spacing, poor lubricant/relubrication practices
· Hot running gear drives with poor bearing/gear life and/or high lubricant consumption

· Oil leakage (themography can aid detecting where oil is leaking out)

· Hot running engines due to poor cooling

· Electrical systems (EM persons should avoid these applications and only survey them under the escort/guidance of qualified customer personnel)
Once you identify the suffering point and its “as is” cost impact, determine the appropriate thermographic tools to help evaluate the equipment. You should try and use the easiest/safest method. In some cases, hand held single reading IR guns will work well, many cases the IPhone Seek Thermal unit will provide excellent insights and for some applications using a sophisticated infr red imager is justified.

In some cases, it may just take single set of measurments to gain the needed insights to make recommendations and then post measurements to verify the improvements from the recommendations.

In other cases, trending the temperatures over a period of time is needed to verify the issues or provide a detection of something changes.

Before running a set of measurements, you need to adjust the settings of the thermographic camera as follows: 
1-Determine the emissivity by means of a

reference measurement

It is required you use either of the 2 following methods 

1-1: Method using a contact thermometer (preferred method)
First measure the temperature of the surface of the measuring

object with a contact thermometer .

Now measure the temperature of the surface of the

measuring object with the thermal imager with a preset emissivity

of 1. The difference between the temperature values

measured by the contact thermometer and the thermal imager

are the result of the emissivity being set too high. By gradually

lowering the emissivity setting, you can change the

measured temperature until it corresponds to the value obtained in the contact measurement. The emissivity then set

corresponds to the emissivity of the surface of the measuring

object.

1-2Method with the thermal imager
First stick a piece of emissivity adhesive tape (e.g. heat-resistant

emissivity adhesive tape supplied from IR Camera supplier ) to your measuring object. After waiting a short time, you can measure the temperature of the surface of the measuring object in the taped

area using your thermal imager with a set emissivity for the

adhesive tape ( ε value provided together with the tape). 
This temperature is your reference temperature.

Now regulate the emissivity setting until the thermal imager

measures the same temperature in the area which is not taped

as the reference temperature just measured. The emissivity now

set is the emissivity of the surface of the measuring object.
As an alternative to the emissivity adhesive tape, you can also:

- coat the measuring object with a coating or paint with a

known emissivity.

- coat the measuring object with a thick layer (> 0.13 mm) of

heat-resistant oil (ε ≈ 0.82).

- coat the measuring object with a thick layer of soot

(ε ≈ 0.95).
2-Determining the temperature of the reflected radiation
2-1 Method using air measurement (if no sources or radiation are present)
Once you have eradicated all the possible sources of interference

that could affect your measurement, the temperature of the

reflected infrared radiation is the same as the ambient temperature.

You can measure the ambient temperature with an air thermometer,

 and enter the RTC in your thermal imager  on the basis of this.

.
2-2  Measurement method of reflected temperature using a Lambert radiator ( if sources of radiation are present in the measuring environment),

A Lambert radiator is an object that reflects incident radiation with

the optimum diffusion, in other words equally strongly in all directions.

You can measure the temperature of the reflected radiation on a

Lambert radiator using the thermal imager. A piece of aluminium
foil crumpled and then unfolded again is a suitable substitute for a

Lambert radiator for this purpose. The foil has high reflectance

and thanks to the crumpled structure, the diffuse reflection of the

radiation is near-perfect . To measure the temperature of the reflected radiation, place the Lambert radiator near the measuring object or ideally on the surface of the measuring object. Then measure the temperature at

the radiator with emissivity set to one. The imager will now calculate

the temperature of the incident radiation. You can now input
this value as the RTC in your thermal imager and measure the

temperature at the measuring object with the set emissivity for the

surface of your measuring object.
3-Run the set of measurements of the unit considered
3-1: Executing measurements

After (1) full understanding of thermography and (2) proper adjustment of settings for emissivity and RTC as described in 1 and 2 above , you can now proceed to your set of measurements.

For this,  you need to use your best technical judgement to take the proper set of measurements , because there are multiple opportunities to use the thermal imaging cameras, either as a “Problem Solver” assistance  tool to identify issues on applications (hot points), or  make evidence or evaluate  Energy Savings via side by side comparisons.
To make the  measurement you must always have in mind and question yourself about the following:

-The thermography is a measure of surface temperature: is the measurement point  selected (like crankcase) , representative of the oil bath temperature ?

-You can only ever measure the temperatures of the surfaces with a thermal imager; you cannot look into something or through something . Especially glass  are transparent to the human eye , but are not transmissive (permeable) to long-wave infrared radiation

-Where necessary, remove any covers from the measuring object, otherwise the thermal imager will only measure the surface temperature of the cover

-The properties of the surface of the measuring object play a crucial

role in the measurement of temperature with a thermal imager.

For the emissivity of the surface varies according to the structure

of the surface, soiling or coating. Smooth, shiny, reflective and/or polished surfaces generally have a slightly lower emissivity than matt, structured, rough, weathered and/or scratched surfaces of the same material.

-Avoid measuring on wet surfaces or surfaces covered with

snow or hoarfrost.

-When measuring smooth surfaces in particular, be aware of

any possible sources of radiation in the vicinity (e.g. sun,

heaters etc.).

-Always measure with the smallest possible measuring distance

for your measurement application in order to minimize

the effect of any possible suspended matter in the air

-Please always be aware of the effect of your own

personal infrared radiation.
-Side by side comparison of similar units / same emissivity  at same ambient temperature is the ideal situation to compare mineral versus synthetic lubricants applications.

-For many applications, using a simple thermographic device for comparison  and/or rough temperature measurments is acceptable. These units typically have fixed emissitivity settings around 0.9 and some have rough adjustment settings (e.g. 0.2,  0.4, 0.6, 0.8). Using a reference black body on the equipment (flat black paint or black electrical tape) and letting  it reach the equipment temperature conditions can improve the accuracy and consistency of these types of measurments. The Seek Thermal is an example of this type of device. The following link provides additional information on using this device.
Seek Thermal Guidance
3-2: Examples of Thermography 

The Following examples will give you insights on how to handle thermography, and what benefit you can extract from it .
EXAMPLES THERMOGRAPHY: measurement for demonstration of benefit with use of Synthetic Vs Mineral oils,  or confirmationof Energy Savings
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EXAMPLES THERMOGRAPHY: “tricks” and assistance for problem solving 

INDUSTRIAL APPLICATIONS
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ELECTRICITY (Note: ExxonMobil employees should not access electrical systems without authorized customer personnel)
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[image: image25.png]Switch with Contact issues
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4- Sources of error in infrared measurement 
Important you are of the following potential reasons of errors in infrared measurements:

The following factors can distort the result of your infrared measurement:

-Incorrect emissivity setting

-Incorrect RTC setting

-Unclear thermal image

-Measuring distance is too long or too short

-Measurement taken with unsuitable lens

-Measuring spot too big

-Faults in the transmission path (e.g. air pollution, covers etc.)

-Effect of external sources of radiation (e.g. light bulbs, sun,

heaters etc.)

-Misinterpretation of thermal image due to reflection

-Quick change of ambient temperature

-Misinterpretation of the thermal image due to lack of

knowledge of the design of the measuring object

(use real images –photos- wherever possible to

interpret the thermal images)
5-Collect other data/information for correlating the temperature results

Combining oil analysis data, vibration data, equipment maintenance/installation history, visual equipment inspection, removed/failed part inspection, etc. will aid in determining if a poor condition exists and help develop the root cause (s) of the condition. From this analysis, you can develop the optimium improvement recommendations that deliver the best Total Cost of Ownership result for the customer.



	ESR/ESL to customer
	For PES/Major accounts, the best practice includes writing an Engineering Service Notice (ESN) after you leave customer site to review preliminary summary of the survey result recommendations. Then follow up with an ESR or ESL with documented TCO value (recommendation justification).

	Follow up
	For PES/Major accounts, best practice (for recommendations with potential significant customer value) is to follow up on the recommendation to confirm/document the achieved value for the customer. In addition, the follow up visit can look for expansion of the recommendation to other areas of a customer facilities or to other facilities in their company. These recommendations/benefits should be prepared in an Engineering Service/Benefit Report. 

	Feedback about this SOP - Send to Chief Engineer
	


DOCUMENTING YOUR WORK – Thermography Surveys (and associated inspections) can be a significant way to assist customer reach their equipment reliability goals by addressing potential or actual suffering points. For the right customers (typically PES customers), persons making recommendations based on the surveys should document the recommendation (technical rationale), case for action, follow up recommendations and their value using Mobil Serv Report Writer (3D) and TCO approach.

TCO is a process to quantify improved profit through the implementation of an effective lubrication program. In order to document savings involved in a partnership between the customer and Mobil Industrial Lubricants, the following categories of value-added savings will be reviewed: Revenues, Assets, Processes, and Expenditures
TCO incorporates our messaging of TCO to include Sustainability, Safety and Productivity relationships. Quantify these costs on an annual basis. We should use customer cost/impact data. If the customer does not know the numbers then utilize estimates from experience or other resources (repair shops, OEMs, etc.) then have the customer agree to the numbers/impacts. Both realized benefits and cost avoidance should be considered.
Expenditure Reduction - reduced equipment and/or lubricant purchase costs are the most typical expenditure savings. These may result from the offset of extending lube or equipment lubricant life by correcting an abnormal condition, etc. against the increased price of Mobil flagships/premium products and/or other recommendations which could stem from the recommendations made based on the Thermographic survey/study. 

Process Improvement - the hourly wages (including burden) for personnel to perform existing tasks e.g. replaces the lubricant, or repair equipment reduced in part by survey/study, are typical Process improvement savings.  If equipment replacements or lubricant change outs are reduced, use these to determine Process improvements.  If lubricant usage or equipment repairs are reduced, use the labor time to handle the lubricant, dispose of used lube, and/or time to repair equipment to determine Process improvements.

Revenue Enhancement - any equipment failure, avoided by leveraging the survey/study results, may be repaired during normal maintenance and so reduce the potential for downtime.  “Unscheduled Downtime”, results in lost production and most often, scrapped parts or material. This may allow the customer to plan for a replacement during a planned outage instead of an emergency shutdown. Savings due to production losses avoided may be significant. If a customer is reluctant to share production values try to get rough estimates (round to a conservative monetary value) or put in non-monetary terms such as number of hours of avoided unscheduled downtime.

Asset Improvement - use the customers "cost to carry" inventories. This is used from the Expenditures components for example, if you reduce the quantity of lubricant needed, take that amount cost and multiply by the "cost to carry" to determine the Asset value.

Safety Improvement – this is typically man-hours of avoided equipment interface exposure by increasing time between lubricant application/changes, reduced equipment repairs, etc.  
Environmental Improvement – this is typically quantified by reduced lubricant volume disposed or reduced CO2 emissions

Refer to Expenditure Reduction, Process Improvement, Revenue Enhancement, and Asset Improvement to develop TCO. The Total Cost of Ownership (TCO) Database has many equipment typical costs in it, or consults with the OEM or equipment distributor to finalize your TCO. In all cases, ensure your customer agrees with the cost estimates. Sometimes you may need to suggest an estimated cost and get the customer to agree/negotiate to acceptable figures.

TCO Database
Include any “negative” components of TCO from your recommendations (which should be rather considered as an “investment”);extra cost of lubricant first fill (synthetic  Vs mineral),  new lube systems, filtration, water removal, enhanced predictive monitoring, increased labor (to do the job correctly the first time), new equipment; e.g. to replace under sized equipment.

Model Reports

IR Survey to Verify Lubrication on Oven Chain
Thermography to Verify Grease Performance in Paper Mill Exhaust Fan Bearings
Thermal  Images to Aid Lubricant Recommendations in Gear Drive
Temperature Trending to Optimize Mine Shovel Grease Lubrication
Thermography to Document Grease Performance
Temperature Measurments to Supplement other Energy Measurments for Efficency Documentation
Temperature Measurments to Verify Open Gear Lube Performance
Thermographic Images to Help Document Air Compressor Lubrication Effectiveness
Thermographic Images to supplement other energy measurements (torque, vibration)
Thermographic Images to document Mobil SHC Gear 46M Performance on Open Gear
Standard Operating Procedure (SOP)


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