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Mean time Between Failure or “MTBF” a term related to any item or asset or equipment, which is designed to deliver service at selected level under certain condition within specified time period. This factor indicates the degree of performance level in terms of “Reliability” and also communicates to concerned for initiating “Root cause failure analysis” followed by corrective action to improve the level of service by the equipment. In other wards MTBF is a measurement of equipment’s performance quality in which all aspects of expected service level from it must be taken into account. This also acts as an alarm to draw the attention of operating/maintenance personnel for necessary action and to avoid catastrophic failures.

In any process plant equipments are expected to:

    Perform maintaining rated parameters

    Perform up to life-designed life cycle

    Have less down time

    Consume less operating/maintenance cost

    Maintain hazard free operating condition

Inability to comply with any of above said tasks is considered as “failure”. The degree of importance of above said factors increases with the increase of equipment criticality factor. The criticality factor of equipment can be computed in line with framework mentioned below.

Criticality calculation = CF x RF x DF x SFx FF

Where CF=Consequence factor, RF=Redundancy Factor, DF= Down time factor, SF=Severity factor, FF=Frequency factor

Consequence factor

 If failure of equipment causes

A. Loss of production--- Yes-2, No-1

B. Loss of quality --- yes-2, No-1

C. Deviation from commitment to customer—Yes-2, No-1

CF=A+B+C

Redundancy Factor

RF= Number of Equipments in service / Number of Equipments installed

Downtime factor DF

0< downtime in days< 5 – 1

5 < downtime in days < 10 – 2

10 < downtime in days < 15 – 3

15 < downtime in days < 20 – 4

More than 20 days - 5

This is applicable when required spares are readily available and job is carried out during normal working hours.

Severity Factor SF

If failure of equipment can cause

a. Safety/environmental hazard- Yes-2, No-1

b. Violation of statutory regulation- Yes-2, No-1

c.Detection probability- Remote- -2, Easy-1

SF= a+b+c

Frequency factor FF

MTBF 3 Years- 1

MTBF 2-3 years-2

MTBF 1-2 years-3

MTBF< 1 year-4

Criticality score = CF x RF x DF x SFx FF

If score value> 80 equipment is critical

60< score value< 80 equipment is semi-critical

When equipment undergoes operation, following are the practical modes, which mostly prevail.

Delivers expected process output as well as maintains healthy operating condition.

Delivers expected process output but displays potential failure modes creating disturbed situation, but without any physical hazard.

Delivers designed process output with no measurable indication of failure modes but creates hazardous situation on sudden  failure.

MTBF = Total Number of Equipments / Total Number of failures   x review period in month

Moreover, different equipment has different types of failure modes and potential failure modes which carries varying importance level depending upon type of failure modes, service and equipment criticality factor.

Now it is matter of debate which are the failures to be considered to calculate MTBFof equipment under review?

A logical approach to decide this criteria must be established keeping in mind the application of MTBF data which mainly reveals reliability of equipment and alert the concerned for necessary action.

Practically the criteria to consider the failures or potential failure modes to calculate MTBF must be more stringent with the increase of criticality factor, and type of equipment. For example, elevated vibration level for non-critical. Single stage 1450-RPM pump has lesser importance in comparison to a critical, multistage, 3000 RPM pump. Hence while failure mode is same, in first case it may not be considered for calculating MTBF but for 2nd case it must be taken into account. Similar way all the failures and potential failure modes, which violate or tend to violate the expected service level as mentioned above, Must be considered to calculate MTBF of high RPM multistage process gas compressor. The idea behind this, is to have higher reliability and attention of operating /maintenance personnel to avoid any catastrophic failure and disaster.
A practical approach may be formulated in the following manner. Taking the case of rotating equipment:
1.Grouping of equipment, as example below shows
   2. Process gas compressor

          Light HC pumps (Single/multistage)

          High temperature Pumps (single/multistage) 

          Medium HC moderate service temperature pumps

          Acid and chemical service pumps

          Water service pumps

   Air compressors

3. Carry out Criticality Analysis

4. Listing of failure modes and potential failure modes of each category of equipment

5. Evolution of failure modes/potential failure modes taking into account criticality, and type of equipment emphasizing increased stringency with criticality

6. Listing of failure modes/potential failure modes for each catagory,which are to be considered to evaluate MTBF.

Same procedure may be followed for any other equipment or asset. This will provided an effective MTBF data in relation any category of equipment to exercise proper control over its life cycle.
Reliability

The relation ship between equipment reliability and its related performance affecting parameter may be expressed in following manner:
 R = A x E / C x SH x BDF     

  R= reliability, A= availability factor, E= Efficiency C= cost factor, BDR=break down factor, SH= safety hazard factor.

Or R= constant x A. E / C x SH x BDF     




  The value of this “constant” has a decreasing trend with increase in criticality of equipment.
  The philosophy of above formula is to express the fact “Higher the criticality factor, the availability factor efficiency, safety factor cost factor down time factor and break down rate have greater role to achieve high reliability” 

It is a fact, that failure of critical equipment is much more severe and damaging than failure of non-critical equipment. 

Hence it is essential to pay sincere and appropriate attention to critical equipments in any process plant to ensure higher productivity/profitability, and to have a safe operating environment too. 

The above facts again direct towards the fact, which invariably reinforces the concept to have a stringent failure definition for calculating MTBF of critical equipment. 

In any process plant for a specific period of review, the different factors may be calculated using the formulas listed below.

Availability Factor = Actual availability in hrs. / Ideal Availability in hrs.

Efficiency = overall efficiency of equipment (Incase equipment operating with designed efficiency then this will be 1. For practical purpose considering a pump, the shut off pressure and power can be checked to ascertain the efficiency and proportionate deviation using performance curves. The difference of temperature between discharge and suction also indicator of loss of efficiency, if driver’s efficiency is assumed to be designed one in both the process.)

Safety hazard factor =  It is a state which is a function of hazardous events, the safety hazard factor= esh      where “sh” is number of hazards during the review period.

Cost factor = actual cost incurred / estimated cost (see below for estimated cost calculation) 

Break down factor-- It is a function of number of unexpected catastrophic failure during the review period

Hence BDF= ebdr where “bdr” Number of unexpected breakdowns during the review period.

Hence reliability R = constant. A.E / C. esh    . ebdr  
Reliability standard

The Acceptable reliability can be calculated by using above formula. Considering ideal situation, the reliability score should be 100% i.e. “1”

The availability factor should be 100% i.e. “1”

Efficiency= designed i.e. “1”

Cost factor=1. Safety hazard factor = ℮0
=1

Break down factor =℮0 
= 1
    
Often, the Availability factor accepted value is 97%.

 In ideal condition equipment operates delivering designed efficiency, hence efficiency factor= 1 a proportionate

Accepted cost factor when estimated cost = actual cost Hence C=1

Similarly, ideally there should be no   hazard and no catastrophic failure hence respective values of

Safety hazard factor and break down factor are,

SH = e0 =1 and BDF = e0 =1

Hence acceptable Reliability for critical equipment =1x 0.97 x 1 / 1 x 1x 1 = 0.97

Now for semi-critical equipment the value of constant will increase proportionate to the difference in criticality score values, which could be computed in following manner.

Minimum score for critical = 80

Minimum score for semi- critical=60

% Difference is 25%, Hence value of constant may be assumed as 1.25, as value of constant is 1 for critical equipment.

The acceptable reliability for semi-critical equipment = 1.25 x 0.97 x 1 / 1x 1 x1 =1.21

The acceptable values of reliability thus could be calculated for critical and semi-critical equipments and set as standard for gauging % deviation of reliability of each category unit wise.   

MTBF And Life Cycle

Many times the engineers are misled and arrive to the improper conclusion by accepting a failure as end of life cycle. It is needless to mention such notion hampers the equipment reliability and ends up with un-justified expenditure.

To form a discrete notional line of difference between MTBF and Life cycle, first of all the concept of failure and life cycle must be understood in proper color.

Failure is an event, which can undergo a feasible cost effective rectification. This means, in spite of failure, an item can be revived back to service with its rated efficiency if the failure is analyzed for root cause, followed by rectification. In fact “No repetition of same kind of failure” is an indication for successful failure analysis. 

In any system generally failure occurs if system norms are not complied with or system guidelines are not followed in Toto.

Life cycle is a phenomenon, which expresses different phases of an item starting from design stage and provide idea to user to assess many technical and commercial factors related to performance of subject item or equipment. During the life cycle, equipment may undergo failure but it is revived back successfully and cost effectively. But “End of Life Cycle” is a state, where an item cannot be revived back to efficient service or it is not cost effective to do so. Following are the symtoms-indicating end of Life cycle of equipment.


Consecutive poor MTBF


Poor Availability factor

Revival needs major replacement/modification

Equipment cannot be integrated with modernization

Cost (revival+down time) > Depreciated cost of e
quipment

Non-availability of quality spare parts

Termination of life cycle is normally followed by discard of old equipment and redesign /procurement action for new equipment.
From above it is evident, that MTBF is an important factor to evaluate the phase of life cycle of any equipment.

MTBF & MTBR

The conceptual difference between “mean time between failure” and “mean time between repair” is related to the effective maintenance concept and practices. The MTBF is applicable where equipment’s repair is viable on failure only, either as a practice or by design. But if through a comprehensive and effective condition monitoring exercise, the potential failure modes are detected and corrective repairs are under taken before failure, in such cases MTBR phenomenon is applicable. 

At present in third generation maintenance philosophy, in which the strategy is based on condition based predictive maintenance and proactive maintenance, the Concept of MTBR is more practical to reflect the reliability status of equipment and quality of maintenance.      

MTBR= Review period (month) X Total number of equipment / Total number of repair

Though there is no much difference between approach and features of MTBF& MTBR, the main difference is MTBF concept basically works on after failure event and MTBR concept works on before commencement of failure.

The beneficial features of MTBR concept over MTBF concept are listed below.

Less downtime of equipment

Less component damage

Less expenditure on repair

     Less probability of safety and environmental hazard

It is true, that the initial cost for lunching an effective condition monitoring mechanism inclusive of introduction of condition monitoring cell, procurement and commissioning of online process parameters and mechanical parameters monitoring system, training to personnel etc., is very high, but it pays back in terms of above mentioned benefits within a short period.

Hence if concept of MTBR is adopted, it directs towards enhanced reliability.

While calculating the MTBF or MTBR, it is important to consider the failures or potential failure modes of equipment and it’s driver also, due to which the service of equipment is not available. That means, in case, for motor driven pump the equipment is not available due to motor problem or supply cable problem, then this must be taken into account while computing MTBF or MTBR of subject pump, even though there is no problem in pump.


Reliability – Failure analysis flow diagram

    The reliability of an item is displayed in terms of 

     

Reliability:
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Estimated Cost calculation for Pumps

The issue of deriving best possible estimated cost for overhauling/maintenance of  pumps of different applications, different capacity, different type and make etc. is all time a debatable aspect for maintenance professionals. The wide variation in cost of spares for pump to pump, the un-speculated, immeasurable need  of indispensable  activities and consumables, are the few of many baffling factors to form standardized realistic estimate.

Because of these constrain, many times the budget becomes too low and the actual expenditure faces adverse criticize and becomes questionable. To avoid this many times a fabulous budget having multiple fold safety margin is prepared, which again not realistic so block the fund. 

The practical approach to standardize pumps is “Classification by specific speed”. The pumps having nearly equal specific speed would incur tentatively equal cost towards overhauling with variation of 10% to 15% because of varying seal cost or material cost etc.

The items those are most contributory to pump overhauling cost as follows:
Labor cost ( Removal ,overhauling, machining, installation)

Tools/tackle cost

Cost of wear parts

Cost of consumables (gasket, O ring, hard wares etc.)

Cost of seal parts (elastomer, seal faces, sleeve)

Cost of bearings

Identify the group of pumps coming under same range of specific speed

500--750    group-1

750---1000 group-2

1000- 1250 group-3

Evaluate the average cost of overhauling of each pump group wise considering the cost incurring items as mentioned above

Now Taking in to account the MTBF of pump should be 36 months( three years run length) as per API 610 eighth edition following derivation can be done.

Total no of pumps in a unit-30 numbers

Group 1 pumps- 5 nos- cost of over hauling- 5x (x is over hauling cost per pump in gr.1)

Group 2 pumps-10 nos.- cost of over hauling-10y (y is over hauling cost per pump in gr.2)

Group3 pumps-15 nos.-cost of over hauling-15z(z is over hauling cost per pump in gr.3) 

Total cost of overhauling for all pumps- 5x+10y+15z

MTBF 36months means overhauling of all 30 pumps is expected within the period of 36 months thus incurring cost

5x+10y+15z

Cost of overhauling per year or 12 months= 5x+10y+15z/3

Which would be estimated cost for inclusion in yearly budget for that particular unit under pump expenditure head. 

The craft reliability factor

Utilization factor( monthly basis)=  actual man-hour(normal time) used/ available man-hour(normal time)

Available Man hour calculation={no. Employees x (8 hr.- official recess time in hr.)x 0.94}  x No. of working days

With tolerance of 6% for leave

Summation of actual normal man-hours daily basis for all working days
Skill factors =1/ erw= No. of repetitive work+ mistakes /per month

Overtime factor=overtime hour as

% of normal working hours –should not exceed 10%

allowable O.T hours is 10% of total normal working hours

O.T factor= Actual O.T hours/ allowable O.T hours

Learning factor =eino        
“ino” = no. of innovative & problem solving actions undertaken

Personnel safety hazard factor= eps

Ps= Number personnel safety hazard due to human error

Craft reliability factor 

Rcra ( craft availability factor x learning factor x skill factor

Overtime factor x Personnel safety Hazard factor

Or Rcra = constant x AVAcra x eino  / O.T factor x erw   x e ps
Value of constant:
When there is 100% reliability Rcra value would be “1”

Considering this condition: 

ps=0

ino= 0

rw= 0

o.t factor= 1

AVAcra=  actual man-hour/ available  man-hour =1

Hence constant= 1 x 1x 1/ 1 X1 = 1  

Reliability Standard = 100%

Rcra =  1

The above discussions present some thoughts and ideas with an attempt to initiate discussion and develop a model to quanitify reliability realted issues, as commonly encountered at the industrial plants. The author would appreciate feedback, and comments.
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Availability for service –Availability factor


Quality of service level—Efficiency                                                          


Cost effectiveness--- Cost factor


Safety and hazard potential- Safety factor


Sudden break down characteristics-Break down factor








Equal or greater than standard o.k.





Comparison of calculated value with standard value i.e. 0.97





Calculation of reliability for critical equipment i.e. value of constant= 1





Less than 0.97 calls for analysis to identify which factor / factors lower the reliability score value 





For Availability factor <0.97- down time analysis


For efficiency <1- Performance test and process condition analysis


For Cost factor >1- Cost analysis


For Safety factor >1- Hazop study, aspect-impact analysis for environmental hazard, compliances to statuary regulation/ established standard study


For break down factor >1- Failure analysis to identify unknown /hidden potential failure modes /design deficiency 


 / Mal-operation / substandard maintenance








