Maintenance 
· [bookmark: _GoBack]Explain what maintenance is, its importance in production systems, and the range of maintenance activities 
· Maintenance 
· All activates that keep facilities and equipment in good working order so that a system can perform as intended 
· Breakdown (emergency) maintenance 
· Dealing with breakdowns (repair/replacement) only after they occur 
· Preventive maintenance 
· Reducing or avoiding breakdowns through a program of lubrication, bolt tightening, cleaning, inspection, and replacement of worn parts
· Reliability-centered maintenance (RCM) 
· An approach that reduces the effect of each major cause of failure for equipment functions 
· Maintenance activities 
· Building and grounds
· Appearance and functioning of buildings, roads, parking lots, lawns, fences, and the like
· Equipment maintenance 
· Responsible for maintaining machinery and equipment in good working condition and making all the necessary repairs 
· **focus of the chapter 
· Goal of maintenance management 
· Keep the production system in good working order at minimum cost
· Describe preventive maintenance and determine the economic amount of preventive maintenance 
· Goal 
· Reduce breakdowns
· Avoid associated costs 
· Loss of output 
· Idle workers
· Unexpected repairs 
· Most preventive maintenance is periodic 
· Can be scheduled according to 
· The result of planned inspections that reveal a need for maintenance 
· According to the calendar (passage of time) 
· After a predetermined number of operating hours (or miles for trucks)
· Important issue 
· Frequency 
· As the time between two periodic maintenance increase, the cost of preventive maintenance per unit time decrease while the risk (and cost) of breakdowns increase 
· Goal 
· Balance two cost
· Given preventive maintenance (PM) in interval L,
· If a breakdown occurs before L, 
· then a breakdown maintenance cost will be incurred, and machine will be repaired and the next time between breakdowns (TBB) will start 
· If there is no breakdown before L, 
· then a PM cost will be incurred at time L 
· We determine L so that the expected cost of each consequence is equal; 
· Breakdown cost * Prob (TBB < L) = Preventive cost * Prob (TBB > L)
· Breakdown cost * Prob (TBB < L) = Preventive cost * (1 – Prob (TBB < L) 
· (Preventive cost + Breakdown) * Prob (TBB < L) = Preventive cost 
· Rob (TBB<L) = Preventive Cost / (Preventive Cost + Breakdown Cost) 
· Choose L so that the probability that time between breakdowns is smaller than L is equal to Preventive cost/(Breakdown cost + Preventive cost) 
· Marginal cost method is similar to that used in the single period model 
· Example 4 
· Suppose that the time before a breakdown is Normally distributed and has a mean of 3 weeks and a standard deviation of 0.60 week 
· If a breakdown costs an average of $1000 
· If preventive maintenance costs $250 
· What is the optimal preventive maintenance interval? 
· Preventive Cost / (Preventive Cost + Breakdown Cost) 
· 250 / 250 + 1000 = 0.20 
· Find the number of standard deviations from the mean, represented by the area under the normal curve of 0.2 (from left tail) 
· 0.20 = z of -0.84
· Mean + z(standard deviation) = 3 – 0.84(0.60) = 2.496 (round to 2.5 weeks) 
· Discuss breakdown (emergency) maintenance 
· Occasional breakdown is likely to occur even if there is an effective preventive maintenance program established 
· Organizations that rely less on preventive need to effectively deal with breakdowns 
· Unlike preventive maintenance, breakdown maintenance cannot be scheduled 
· Provisions to deal with breakdowns 
· Standby or backup equipment 
· Can be quickly brought into service 
· Inventories of spare parts 
· That can be installed as needed, thereby avoiding lead times involved in ordering parts 
· Buffer inventories of W.I.P. so that other equipment will be less likely to be affected by short-term downtime of a particular piece of equipment 
· Operations 
· Able to deal with emergencies and perform at least some minor repairs on the equipment 
· Maintenance staff
· Well trained and readily available to diagnose and correct problems with equipment 
· The degree depends on importance of the equipment 
· At one extreme, the equipment is the focal point of the system 
· The other, the equipment is seldom used 
· Decide when to replace a machine or a group of components 
· When breakdowns become frequent and costly, managers must trade of costs 
· What is the cost of replacement compared with the cost of repair? 
· The question is sometimes difficult to resolve
· Especially if future breakdowns cannot be predicted 
· Historical records may help project 
· Another situation 
· Replacement before failure may be economical is in group replacement of components 
· Allowing to buy in bulk 
· Example 6 
· Facts 
· The maintenance manager wants to know whether he should have all the 3,000 fluorescent light bulbs to illuminate the plant, replaced together in order to save labour costs 
· There are three light bulbs in a fixture (1,000 fixtures) 
· They are lit about 4,000 hours a years 
· The light bulbs have a rated life of 25,000 hour swath a standard deviation of 5,000 hours 
· If all the light bulbs are replaced together, it will take 12 minutes per fixture 
· Individually, it will take 20 minutes (because the latter has to be brought from storage and returned there after the work) 
· Labour costs are $15 an hour 
· Each bulb costs $1.35 (group replacements with result in a break in price..  buying in bulk [ignore this fact]) 
· Solution 
· The average life of a bulb in years of usage is 25,000/4,000 = 6.25 years with a standard deviation of 4,000/5,000 = 0.8 years 
· It will likely last 3 years 
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Introduction 
· Vocab 
· Maintenance 
· All activates that keep facilities and equipment in good working order so that a system can perform as intended 
· Breakdown (emergency) maintenance 
· Dealing with breakdowns (repair/replacement) only after they occur 
· Preventive maintenance 
· Reducing or avoiding breakdowns through a program of lubrication, bolt tightening, cleaning, inspection, and replacement of worn parts
· Reliability-centered maintenance (RCM) 
· An approach that reduces the effect of each major cause of failure for equipment functions 
· Maintenance activities 
· Building and grounds
· Appearance and functioning of buildings, roads, parking lots, lawns, fences, and the like
· Equipment maintenance 
· Responsible for maintaining machinery and equipment in good working condition and making all the necessary repairs 
· **focus of the chapter 
· Goal of maintenance management 
· Keep the production system in good working order at minimum cost
· Reasons for wanting to keep equipment and facilities in good operating condition 
· Avoid production disruptions (down time), including slowdowns and reduced yield 
· Maintain high quality and safety 
· Avoid missed delivery dates 
· Basic options with respect to maintenance 
· Breakdown (emergency) maintenance 
· Preventive maintenance 
· Example 
· Historical frequency of breakdowns of a machine per month are displayed on the table 
	Number of Breakdowns
	0
	1
	2
	3

	Frequency of Occurrence 
	0.2
	0.3
	0.4
	0.1


· 
· Cost of breakdown repair: $1000 
· Cost of preventive maintenance : $1250 
· The expected number of breakdowns without preventive maintenance is 1.40 per month 
	Number of Breakdowns 
	Frequency of Occurrence 
	Expected Number of Breakdowns 
	

	0
	0.2
	0
	= 0*0.2

	1
	0.3
	0.3
	= 1 * 0.3 

	2
	0.4
	0.8
	= 2 * 0.4 

	3
	0.1
	0.3
	= 3 * 0.1 

	
	1
	1.4
	

	
	
	
	









· Expected cost of breakdown repair 
· 1.40 breakdowns/month * $1,000 breakdown = $1,400 per month 
· Preventive Maintenance 
· $1250/month 
· Preventive Maintenance would yield savings of $150/month 
· $1,400 – 1,250 
· Total maintenance cost as a function of preventive maintenance efforts 
· [image: ]
· With no preventive maintenance 
· Breakdown and repair/replacement costs would be tremendous 
· Cost of lost production and wages while equipment is not in service must be factored in 
· Cost of injuries or damages to other equipment 
· However, beyond the optimum preventive maintenance exceeds its benefit 
· Example 
· A person has never changed the oil in their car, and never had the brakes or tires inspected, but had done repairs when it was absolutely necessary 
· Preventive costs would be negligible but the repair costs would be high (so many parts could fail; on the highway, during rush hour)
· Having it changed every morning 
· Obvious excess; automobiles are designed to perform for longer periods
· Concept of maintaining production systems 
· Strike balance between prevention costs and breakdown costs 
· Factors affect the amount of preventive maintenance is required 
· In a new car, there is little preventive maintenance 
· Gets worn thru use, desirability for preventive maintenance increases because risk of breakdown increases 
· When tires and breaks show signs of wear, they should be replaced
· Dents should be checked before they rust 
· Car oil should be changed after high exposure to dirt 
· Inspection of critical parts should be done 
· Reliability centered maintenance 
· An approach that reduces the effect of each major cause of failure for equipment functions 
· Different approach to redesigning the item to prevent failures 
· Steps 
· Major causes of failure identified 
· Major possible failure problems are determined 
· Major cause of each failure (AKA: failure mode) are identified 
· Various ways (i.e.: preventive maintenance) used to reduce the effect of each major cause 
· Example 2 
·  Study performed by a maintenance engineer 
· Each electrical distribution substation, there is a battery that will operate a relay switch when electricity is interrupted or there is a surge
·  The system includes a battery charge and cables 
· Dominant failure problems for the battery system
· The cable does not conduct electricity 
· Major cause are loose connections or corrosion 
· Loose connection – annual electrical resistance test is prescribed 
· Corrosion – the preventive maintenance of cleaning and grease-coating every quarter is prescribed 
· The battery loses its capacity 
· The battery charger does not charge the battery 
· For each critical problem, the dominant failure cause (modes) are identified, and a maintenance program suggests how to reduce the effect of the failure mode 
· RCM should be the ultimate goal of every maintenance systems 
· Yet orgs. Lack the basic maintenance management 
· Identify importance maintenance jobs
· Schedule preventive maintenance jobs effectively 
· Perform necessary maintenance effectively and efficiently 
· Example 3 
· STK is a paper mill that needs to cut costs 
· Maintenance had become reactionary 
· Relationship with operations department was no good 
· 20% of planned jobs, 30% of emergency jobs in a week could be performed
· Results in excessive use of contractors 
· The plant manager calls for a re-assessment of the maintenance function and a consulting firm was brought in 
· Tradesmen (pipefitter, electrician, machinist, instrument technician) were employed as maintenance work planners 
· Weekly metrics (efficiency, equipment availability) were developed 
· Operations, maintenance meet every day
· Guidelines for most repair jobs were developed 
· Standardizing maintenance procedures and established quality norms 
· Store staff prepares kits of necessary parts for maintenance so technicians don’t have to waste time looking for parts 
· The number of maintenance jobs performed has now doubled 
· Next step is equipment failure analysis 


Preventive maintenance 
· Goal 
· Reduce breakdowns
· Avoid associated costs 
· Loss of output 
· Idle workers
· Unexpected repairs 
· Most preventive maintenance is periodic 
· Can be scheduled according to 
· The result of planned inspections that reveal a need for maintenance 
· According to the calendar (passage of time) 
· After a predetermined number of operating hours (or miles for trucks)
· Important issue 
· Frequency 
· As the time between two periodic maintenance increase, the cost of preventive maintenance per unit time decrease while the risk (and cost) of breakdowns increase 
· Goal 
· Balance two cost
· Given preventive maintenance (PM) in interval L,
· If a breakdown occurs before L, 
· then a breakdown maintenance cost will be incurred, and machine will be repaired and the next time between breakdowns (TBB) will start 
· If there is no breakdown before L, 
· then a PM cost will be incurred at time L 
· We determine L so that the expected cost of each consequence is equal; 
· Breakdown cost * Prob (TBB < L) = Preventive cost * Prob (TBB > L)
· Breakdown cost * Prob (TBB < L) = Preventive cost * (1 – Prob (TBB < L) 
· (Preventive cost + Breakdown) * Prob (TBB < L) = Preventive cost 
· Rob (TBB<L) = Preventive Cost / (Preventive Cost + Breakdown Cost) 
· Choose L so that the probability that time between breakdowns is smaller than L is equal to Preventive cost/(Breakdown cost + Preventive cost) 
· Marginal cost method is similar to that used in the single period model 
· Example 4 
· Suppose that the time before a breakdown is Normally distributed and has a mean of 3 weeks and a standard deviation of 0.60 week 
· If a breakdown costs an average of $1000 
· If preventive maintenance costs $250 
· What is the optimal preventive maintenance interval? 
· Preventive Cost / (Preventive Cost + Breakdown Cost) 
· 250 / 250 + 1000 = 0.20 
· Find the number of standard deviations from the mean, represented by the area under the normal curve of 0.2 (from left tail) 
· 0.20 = z of -0.84
· Mean + z(standard deviation) = 3 – 0.84(0.60) = 2.496 (round to 2.5 weeks) 
· Preventive maintenance should be performed prior to breakdown 
· Predictive or condition-based maintenance 
· Maintenance based on historical data and ongoing monitoring of equipment condition 
· Pressure
· Rates of flow 
· Vibration 
· Noise
· Humidity 
· Changes in electricity 
· Good predictive maintenance 
· Relies on complete records of each piece of equipment … to monitor the health of the equipment 
· Date of installation 
· Operating hours 
· Dates 
· Types of repairs 
· Example 5 
· Management wants to cut unscheduled downtime to less than 1% 
· Standard maintenance check was a walk0through by operators, then by maintenance staff
· Problems were noted in a notepad and not recorded on a computer so it was difficult to identify trends 
· They purchase Ivara 
· Operators walk through 
· Measure equipment 
· Enter into handheld device 
· Data is checked by software and an alarm will trigger for measurements out of range
· Typical problems (around 6 per day) include 
· Too much vibration 
· Low oil 
· Leaking seal 
· Total productive maintenance 
· Approach to maintenance where operators perform basic preventative maintenance on their machines 
· Consistent with Jit/lean 
· Employees are given greater responsibility for quality, productivity and general functioning of the system 
· Training employees in the proper procedures are a major part of TPM 
· How to keep equipment in good operating order 
· Providing the incentive to do so 

Breakdown (Emergency) Maintenance 
· Occasional breakdown is likely to occur even if there is an effective preventive maintenance program established 
· Organizations that rely less on preventive need to effectively deal with breakdowns 
· Unlike preventive maintenance, breakdown maintenance cannot be scheduled 
· Provisions to deal with breakdowns 
· Standby or backup equipment 
· Can be quickly brought into service 
· Inventories of spare parts 
· That can be installed as needed, thereby avoiding lead times involved in ordering parts 
· Buffer inventories of W.I.P. so that other equipment will be less likely to be affected by short-term downtime of a particular piece of equipment 
· Operations 
· Able to deal with emergencies and perform at least some minor repairs on the equipment 
· Maintenance staff
· Well trained and readily available to diagnose and correct problems with equipment 
· The degree depends on importance of the equipment 
· At one extreme, the equipment is the focal point of the system 
· The other, the equipment is seldom used 

Replacement 
· When breakdowns become frequent and costly, managers must trade of costs 
· What is the cost of replacement compared with the cost of repair? 
· The question is sometimes difficult to resolve
· Especially if future breakdowns cannot be predicted 
· Historical records may help project 
· Another situation 
· Replacement before failure may be economical is in group replacement of components 
· Allowing to buy in bulk 
· Example 6 
· Facts 
· The maintenance manager wants to know whether he should have all the 3,000 fluorescent light bulbs to illuminate the plant, replaced together in order to save labour costs 
· There are three light bulbs in a fixture (1,000 fixtures) 
· They are lit about 4,000 hours a years 
· The light bulbs have a rated life of 25,000 hour swath a standard deviation of 5,000 hours 
· If all the light bulbs are replaced together, it will take 12 minutes per fixture 
· Individually, it will take 20 minutes (because the latter has to be brought from storage and returned there after the work) 
· Labour costs are $15 an hour 
· Each bulb costs $1.35 (group replacements with result in a break in price..  buying in bulk [ignore this fact]) 
· Solution 
· The average life of a bulb in years of usage is 25,000/4,000 = 6.25 years with a standard deviation of 4,000/5,000 = 0.8 years 
· It will likely last 3 years 
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