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1. Introduction 
Maintenance Engineering is the discipline and profession of applying engineering concepts to 

the optimization of equipment, procedures, and departmental budgets to achieve better 

maintainability, reliability, and availability of equipment. 

-Maintenance engineering is the occupation that uses engineering theories and practices to plan 

and implement routine maintenance of equipment and machinery. This must be done in 

conjunction with optimizing operating procedures and budgets to attain and sustain the highest 

levels of reliability and profit. 

-Maintenance engineers are often required to have knowledge of many types of equipment and 

machinery. A person working in the field of maintenance engineering must have in-depth 

knowledge of or experience in basic equipment operation, logistics, probability, and statistics. 

-Experience in the operation and maintenance of machinery specific to a company's particular 

business is also frequently required. Since the position normally requires oral and written 

communications with various levels of personnel, excellent interpersonal communication and 

participatory management skills are also desirable. 

-Maintenance engineering positions require planning and implementing routine and preventive 

maintenance programs .In addition, regular monitoring of equipment is required to visually 

detect faults and impending equipment or production failures before they occur. 

- These positions may also require observing and overseeing repairs and maintenance 

performed by outside vendors and contractors.In a production or manufacturing environment, 

good maintenance engineering is necessary for smooth and safe daily plant operations. 

        -Maintenance engineers not only monitor the existing systems and equipment, they also 

recommend improved systems and help decide when systems are outdated and in need of 

replacement. Such a position often involves exchanging ideas and information with other 

maintenance engineers, production managers, and manufacturing systems engineers. 

-Maintenance engineering not only requires engineers to monitor large production machine 

       operations and heavy duty equipment, but also often requires involvement with computer 

operations. 

-Maintenance engineers may have to deal with everything from PCs, routers, servers, and 

software to more complex issues like local and off-site networks, configuration systems, end 

user support, and scheduled upgrades. Supervision of technical personnel may also be required. 

-Good maintenance engineering is vital to the success of any manufacturing or processing 

operation, regardless of size. The maintenance engineer is responsible for the efficiency of 

daily operations and for discovering and solving any operational problems in the plant. 

 

1.1. Maintenance 

Definition:-“Maintenance is a routine and recurring activity of keeping a particular machine or 

facility at its normal operating condition so that it can deliver its expected performance or service 

without causing any loose of time on account of accidental damage or breakdown”. 

 Once equipment is designed, fabricated and installed, the operational availability of the 

same is looked after by the maintenance requirement. The idea of maintenance is very old 

and was introduced along with inception of the machine. In the early days, a machine was 

used as long as it worked. When it stopped working, it was either repaired/serviced or 

discarded. 
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 The high cost sophisticated machines need to be properly maintained/serviced during their 

entire life cycle for maximizing their availability. The development of mechanization and 

automation of production systems and associated equipment, with the accompanying 

development of ancillary services and safety requirements, has made it mandatory for 

engineers to think about proper maintenance of equipment. 

 Maintenance function also involves looking after the safety aspects of certain equipment 

where the failure of component may cause a major accident. For example, a poorly 

maintained pressure vessel such as steam boiler may cause a serious accident. 

 

1.2. Objectives of maintenance 

 
The objectives of maintenance should be formulated within the framework of the overall 

organizational setup so that finally the goals of the organization are accomplished. For this, the 

maintenance division needs to ensure that: 

 

(a) The machinery and/or facilities are always in an optimum working condition at the lowest 

possible cost 

(b) The time schedule of delivering to the customers is not affected because of non -availability of 

machinery /service in working condition 

(c) The performance of the machinery /facility is dependable and reliable. 

(d) The performance of the machinery /facility is kept to minimum to the event of the breakdown. 

(e) The maintenance cost is properly monitored to control overhead costs. 

(f) The life of equipment is prolonged while maintaining the acceptable level of performance to 

avoid unnecessary replacements. 

 

Maintenance is also related with profitability through equipment output and its running cost. 

Maintenance work enhances the equipment performance level and its availability in optimum 

working condition but adds to its running cost. The objective of maintenance work should be to 

strike a balance between the availability and the overall running costs. The responsibility of the 

maintenance function should, therefore, be ensure that production equipment /facilities are 

available for use for maximum time at minimum cost over a stipulated time period such that the 

minimum standard of performance and safety of personal and machines are not sacrificed. These 

days therefore, separate departments are formed in industrial organizations to look after the 

maintenance requirements of equipments and machines. 

 

 

1.3. Effects of maintenance 
Maintenance, being an important function in any production system, has far reaching effects on the 

system. If the right practice of maintenance is not established for a particular environment, it may 

lead to serious problem of either over maintenance or under maintenance. The selection of a 

particular maintenance policy is also governed by the past history of the equipment. Cost effective 

maintenance will help in enhancing productivity. It is therefore, is important for the team associated 

with maintenance work, to know how much to maintain. 

The nature of the maintenance function affects the life of equipment. It is known from experience 

that optimum maintenance will prolong the life of the equipment, and on the other hand, 

carelessness in maintenance would lead to reduced life of the equipment and in some cases an early 
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failure as well. Further, proper maintenance will help to achieve the production targets. If the 

availability of the equipment in good working condition is high, the reliability of the production 

will also be high. Another important effect of the maintenance function is the working environment. 

If the equipment is in good working condition, the operator feels comfortable to use it otherwise 

there is a tendency to let the equipment deteriorate further. To get the desired results in maintenance 

operations, there should be selective development of skilled, semiskilled, and unskilled labour. And 

also proper job description is required for the jobs in order to make full use of skilled workforce 

available. 

 

1.4. Types of maintenance systems 
 

 
Fig.-1.1 

 

 

 

Planned Maintenance: “The maintenance organized and carried out with forethought, control and 

the use of records to a predetermined plan.” 

Preventive Maintenance: “The maintenance carried at predetermined intervals or corresponding 

to prescribed criteria and intended to reduce the probability of failure or the performance 

degradation of an item.” 

Breakdown Maintenance: – Repair is undertaken only after failure of system. Equipment is 

allowed to run till it fails. Lubricating and minor adjustments are done during the period. 

                 - Small factories where equipment are very small and doesn’t use special tools 

                 - Isn’t suitable for big industries 
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Opportunistic Maintenance: – In multi component system, several failing components, often it is 

advantageous to follow opportunistic maintenance. When an equipment or system is taken down 

for maintenance of one or few worn out component, the opportunistic maintenance can utilize for 

maintaining or changing other wear out components, even though they are not failed. 

                   -It is actually not a specific maintenance system, but its a system of utilizing an 

opportunity which may come up any time.  

Corrective Maintenance – Maintaining action for correcting or restoring failed unit. 

         - Very vast scope for small actions like adjustment, minor repairs to redesign of equipments 

         - Generally once taken and completed fully 

Usually carried out in four steps : 

1st step : collection of data, information and Analysis 

2nd step : identifying the causes 

3rd step : find out the best possible solution to illuminate likely causes 

4th step : Implement those solutions 

Emergency maintenance: It is carried out as fast as possible in order to bring a failed machine or 

facility to a safe and operationally efficient condition.  

Routine maintenance which includes those maintenance activities that are repetitive and periodic 

in nature such as lubrication, cleaning, and small adjustment. 

Running maintenance which includes those maintenance activities that are carried out while the 

machine or equipment is running and they represent those activities that are performed before the 

actual preventive maintenance activities take place. 

Opportunity maintenance which is a set of maintenance activities that are performed on a machine 

or a facility when an unplanned opportunity exists during the period of performing planned 

maintenance activities to other machines or facilities. 

Window maintenance which is a set of activities that are carried out when a machine or equipment 

is not required for a definite period of time. 

Shutdown preventive maintenance which is a set of preventive maintenance activities that are 

carried out when the production line is in total stoppage situation.  

Remedial maintenance which is a set of activities that are performed to eliminate the source of 

failure without interrupting the continuity of the production process. 

Deferred maintenance which is a set of corrective maintenance activities that are not immediately 

initiated after the occurrence of a failure but are delayed in such a way that will not affect the 

production process.  
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Shutdown corrective maintenance which is a set of corrective maintenance activities that are 

performed when the production line is in total stoppage situation.  

Design-out maintenance which is a set of activities that are used to eliminate the cause of 

maintenance, simplify maintenance tasks, or raise machine performance from the maintenance 

point of view by redesigning those machines and facilities which are vulnerable to frequent 

occurrence of failure and their long term repair or replacement cost is very expensive.  

Engineering services which includes construction and construction modification, removal and 

installation, and rearrangement of facilities. 

Shutdown improvement maintenance which is a set of improvement maintenance activities that 

are performed while the production line is in a complete stoppage situation.  

Predictive maintenance is a set of activities that detect changes in the physical condition of 

equipment (signs of failure) in order to carry out the appropriate maintenance work for maximising 

the service life of equipment without increasing the risk of failure. 

It is classified into two kinds according to the methods of detecting the signs of failure:  

– Condition-based predictive maintenance 

– Statistical-based predictive maintenance 

• Condition-based predictive maintenance depends on continuous or periodic condition 

monitoring equipment to detect the signs of failure.  

• Statistical-based predictive maintenance depends on statistical data from the meticulous 

recording of the stoppages of the in-plant items and components in order to develop models 

for predicting failures.  

 The drawback of predictive maintenance is that it depends heavily on information and the 

correct interpretation of the information.  

 Some researchers classified predictive maintenance as a type of preventive maintenance. 

 The main difference between preventive maintenance and predictive maintenance is that 

predictive maintenance uses monitoring the condition of machines or equipment to 

determine the actual mean time to failure whereas preventive maintenance depends on 

industrial average life statistics.  

1.5. Challenges in Maintenance 

The maintenance function of a modern industry faces a number of challenges attributable to: 

 Rapid growth of technology resulting in current technology becoming obsolete. Such a 

challenge is a frequent one in Information and Communications Technology (ICT) industry 

where computers and computers based system (hardware and Software) is the main component. 

 Advent of new advanced diagnostic tools, rapid repair systems, etc. 

 Advance store management techniques to incorporate modular technologies. 
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 Requirements of keeping both outdated and modern machines in service. For example, many 

industrial organizations have a combination of the old machines working on obsolete 

technology and new systems utilizing the latest technology and equipment. 

 The effective management of maintenance aspects under such challenging circumstances is 

often a difficult job. Besides the rectification of the faults in the equipment, the activities of the 

maintenance department include: 

 Up gradation of the existing plants and equipments and training maintenance personnel to attend 

the required technical skills. 

 Effective maintenance of the old equipment for higher availability 

 Cost optimization of all maintenance functions 

 Improvement of maintenance activities in the areas of tribology and terotechnology 

 Reconditioning of used /unserviceable spare parts. 

 Development of indigenous sources for parts for import substitution 

 Setting up of an effective maintenance information management systems (MIMS). 

 Effective utilization of the maintenance workforce 

 Setting up of in house R&D activities for effecting improvements in maintenance practices. 

1.6. Reliability Centered Maintenance 

It is used to identify the maintenance requirements of equipment. The RCM establishes the functional 

requirements and the desired performances standards of equipments and these are then related to design 

and inherent reliability parameters of the machine. 

For each function, the associated functional failure is defined, and the failure modes and the 

consequences of the functional failures are analyzed. 

The consequences of each failure are established, which fall in one of the four categories: hidden, safety 

or environmental, operational, and no operational. Following the RCM logic, preemptive maintenance 

tasks which will prevent these consequences are selected, provided the applicability and effectiveness 

criteria for preventive maintenance are satisfied. 

The applicability requirements refer to the technical characteristics and effectiveness criteria for 

preventive maintenance tasks and the frequency at which these should be carried out. 

Effectiveness criteria depend on the consequences of the failure; probabilities of the multiple failures 

for hidden failure consequences, acceptable low risk of failure for safety consequences, and 

nonoperational consequences. When the requirements for planned maintenance (PM) are not fulfilled, 

default tasks include failure finding (for hidden failure, possible redesign of equipment, procedures and 

training processes) and no-schedule maintenance. 
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2.1. Maintenance Planning and Scheduling 

 

2.2. Planning 
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2.2.1. Steps of job planning 
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The previous page table 2.1 show a sample plan of a small job of changing V bolt of Blower X in 

a planning sheet. 

 

The above figure 2.2 shows a planning process , indicating connection with different agencies. 
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2.2.2. Planning techniques 

 

 

2.2.3. Planner’s Tool Kit 
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2.3. Job Manuals 

 

 

2.4. Scheduling 
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2.4.1. Pre-requisites for Schedules 

 

2.4.2. Scheduling techniques 
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2.4.3. Schedule types and techniques 

 

2.4.3.1. Weekly General Schedule 

 

The above table 2.3 shows a weekly schedule technique. 
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2.4.3.2. Daily Schedule 

 

2.4.3.3. Gantt Chart and Bar chart 
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2.4.3.4. PERT, CPM and CPA networks
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2.5. Maintenance Organisation 

2.5.1. Definition and Purpose 
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2.5.2. Basic concepts for Maintenance Organization 

 

 

2.5.2.1. Factors governing Maintenance Organization 
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2.5.3. Aims / Objectives of Maintenance Organisation 
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2.5.4. Types of maintenance organization 

 

2.5.4.1. Line Staff organization 
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The above figure 2.4. is an example of line staff organization. 

2.5.4.2. Functional Organisation 
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The above figure 2.5. is an example of functional organization. 

2.5.4.3. Centalized / Decentralized Organisation  
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2.5.5. Roles and Responsibilties of centralized maintenance groups 
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The diagram 2.6 shows an example of centralized maintenance organization. 
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And the figure 2.7 shows the decentralized orgainsation  
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2.6. Training of maintenance personnel 
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2.6.1. Human factor in maintenance 
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2.6.2. Objectives 

 

2.6.3. Types of maintenance training programmes 
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2.6.4. Training tools, modes and methods 
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2.6.4.1. Computer based training 

 

 

2.6.4.2. Web based training 

 

 

The above classification fig. 2.8 shows the modes and tools of maintenance trainings. 
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2.6.5. Evaluation of training 
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3.1. Codification ,Cataloguing and Systems Approach 

 

3.2. Definition  
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3.3. Instruction manuals 
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3.4. Maintenance records and documentation 
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The figure 3.1 shows the systematic flow diagram of maintenance function. 
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3.5. Methods of Record keeping  

 

3.5.1 Advantages of Record keeping 

 

 

 

3.6. Failure Mode and Effect Analysis 

The Failure Modes and Effects Analysis (FMEA), also known as Failure Modes, Effects, 

and Criticality Analysis (FMECA), is a systematic method by which potential failures of a 

product or process design are identified, analysed and documented. Once identified, the 

effects of these failures on performance and safety are recognised, and appropriate 

actions are taken to eliminate or minimise the effects of these failures. An FMEA is a 

crucial reliability tool that helps avoid costs incurred from product failure and liability. 

Project activities in which the FMEA is useful: 

☛ Throughout the entire design process but is especially important during the concept 

development phase to minimise cost of design changes 

☛ Testing 

☛ Each design revision or update 

Other tools that are useful in conjunction with the FMEA: 

☛ Brainstorming 

☛ Fault Tree Analysis (FTA) 

☛ Risk Management 
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3.6.1.Introduction 

The FMEA process is an on-going, bottom-up approach typically utilised in three areas of 

product realization and use, namely design, manufacturing and service. A design FMEA 

examines potential product failures and the effects of these failures to the end user, while 

a manufacturing or process FMEA examines the variables that can affect the quality of a 

process. The aim of a service FMEA is to prevent the misuse or misrepresentation of the 

tools and materials used in servicing a product. 

There is not a single, correct method for conducting an FMEA, however the automotive 

industry and the U.S. Department of Defense (Mil-Std-1629A) have standardised 

procedures/processes within their respective realms. Companies who have adopted the 

FMEA process will typically adapt and apply the process to meet their specific needs. 

Typically, the main elements of the FMEA are: 

• The failure mode that describes the way in which a design fails to perform as 

intended or according to specification; 

• The effect or the impact on the customer resulting from the failure mode; and 

• the cause(s) or means by which an element of the design resulted in a failure 

mode. 

It is important to note that the relationship between and within failure modes, effects and 

causes can be complex. For example, a single cause may have multiple effects or a 

combination of causes could result in a single effect. To add further complexity, causes 

can result from other causes, and effects can propagate other effects. 

Who Should Complete the FMEA 

As with most aspects of design, the best approach to completing an FMEA is with 

crossfunctional input. The participants should be drawn from all branches of the organisation 

including purchasing, marketing, human factors, safety, reliability, manufacturing and 

any other appropriate disciplines. To complete the FMEA most efficiently, the designer 

should conduct the FMEA concurrently with the design process then meet with the 

crossfunctional group to discuss and obtain consensus on the failure modes identified and the 

ratings assigned. 

Relationship between Reliability and Safety 

Designers often focus on the safety element of a product, erroneously assuming that this 

directly translates into a reliable product. If a high safety factor is used in product design, 

the result may be an overdesigned, unreliable product that may not necessarily be able to 

function as intended. Consider the aerospace industry that requires safe and reliable 

products that, by the nature of their function, cannot be overdesigned. 

3.6.2.Application of the Design FMEA 

As mentioned previously, there is not one single FMEA method. The following ten steps 

provide a basic approach that can be followed in order to conduct a basic FMEA. An 

example of a table lamp is used to help illustrate the process. Attachment 3.2 provides a 

sample format for completing an FMEA. 

Step 1: Identify components and associated functions 

The first step of an FMEA is to identify all of the components to be evaluated. This may 
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include all of the parts that constitute the product or, if the focus is only part of a product, 

the parts that make up the applicable sub-assemblies. The function(s) of each part within 

in the product are briefly described. 

Example: 

Part Description         Part Function 

Light bulb                    Provides x ± y lux of illumination 

Plug                             2 wire electrical plug 

Cord                            Conducts power from outlet to lamp 

Step 2: Identify failure modes 

The potential failure mode(s) for each part are identified. Failure modes can include but 

are not limited to: 

 

        

 

 t  

It is important to consider that a part may have more than one mode of failure. 

Example: 

Part Description        Failure Mode 

Cord                            Short circuit 

                                    Open circuit 

                                    Insulation failure 

Step 3: Identify effects of the failure modes 

For each failure mode identified, the consequences or effects on product, property and 

people are listed. These effects are best described as seen though the eyes of the customer. 

 

Example: 

Failure Mode             Failure Effects 

Short                           No light/ Electrical fire/ Blown fuse 

Insulation fail             Shock/injury hazard 

 

Step 4: Determine severity of the failure mode 

The severity or criticality rating indicates how significant of an impact the effect is on the 

customer. Severity can range from insignificant to risk of fatality. Depending on the 

FMEA method employed, severity is usually given either a numeric rating or a coded 

rating. The advantage of a numeric rating is the ability to be able to calculate the Risk 

Priority Number (RPN) (see Step 9). Severity ratings can be customised as long as they 

are well defined, documented and applied consistently. Attachment 3.3 provides examples 

of severity ratings. 

 

Example: 

Failure Effects          Severity 

No light                      8-Very high 

Shock/injury hazard  10-Hazardous-no warning 
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Step 5: Identify cause(s) of the failure mode 

For each mode of failure, causes are identified. These causes can be design deficiencies that 

result in performance failures, or induce manufacturing errors. 

 

Example: 

Failure Mode              Cause 

Insulation failure          Cord pinched 

 

Step 6: Determine probability of occurrence 

This step involves determining or estimating the probability that a given cause or failure mode 

will occur. The probability of occurrence can be determined from field data or history of 

previous products. If this information is not available, a subjective rating is made based on the 

experience and knowledge of the cross-functional experts. Two of the methods used for rating 

the probability of occurrence are a numeric ranking and a relative probability of failure. 

Attachment C provides an example of a numeric ranking. As with a numeric severity rating, a 

numeric probability of occurrence rating can be used in calculating the RPN. If a relative scale is 

used, each failure mode is judged against the other failure modes. High, moderate, low and 

unlikely are ratings that can be used. As with severity ratings, probability of occurrence ratings 

can be customised if they are well defined, documented and used consistently. 

 

Example: 

Cause                           Prob. Of Occurrence 

Cord pinched               2-Low (few failures) 

Step 7: Identify controls 

Identify the controls that are currently in place that either prevent or detect the cause of the 

failure mode. Preventative controls either eliminate the cause or reduce the rate of occurrence. 

Controls that detect the cause allow for corrective action while controls that detect failure allow 

for interception of the product before it reaches subsequent operations or the customer. 

 

Example: 

Cause                           Current controls 

Cord pinched                Review CSA standards 

                                     Warranty data from preceding products 

 

Step 8: Determine effectiveness of current controls 

The control effectiveness rating estimates how well the cause or failure mode can be prevented 

or detected. If more than one control is used for a given cause or failure mode, an effectiveness 

rating is given to the group of controls. Control effectiveness ratings can be customised provided 

the guidelines as previously outlined for severity and occurrence are followed. Attachment 3.5 

provides example ratings. 

Example: 

Current controls                                          Control effectiveness 

Review CSA standards                                 5-Moderate 

Warranty data from preceding products 
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Step 9: Calculate Risk Priority Number (RPN) 

The RPN is an optional step that can be used to help prioritise failure modes for action. It is 

calculated for each failure mode by multiplying the numerical ratings of the severity, probability 

of occurrence and the probability of detection (effectiveness of detection controls) (RPN=S x O x 

D). In general, the failure modes that have the greatest RPN receive priority for corrective action. 

The RPN should not firmly dictate priority as some failure modes may warrant immediate action 

although their RPN may not rank among the highest. 

 

Step 10: Determine actions to reduce risk of failure mode 

Taking action to reduce risk of failure is the most crucial aspect of an FMEA. The FMEA should 

be reviewed to determine where corrective action should be taken, as well as what action should 

be taken and when. Some failure modes will be identified for immediate action while others will 

be scheduled with targeted completion dates. Conversely, some failure modes may not receive 

any attention or be scheduled to be reassessed at a later date. 

-Actions to resolve failures may take the form of design improvements, changes in component 

selection, the inclusion of redundancy in the design, or incorporation design for safety aspects. 

Regardless of the recommended action, all should be documented, assigned and followed to 

completion. 

 

The following attachments are given to guide the filling of FMEA form as follows : 

Attachment 3.2 
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Attachment 3.3 

 

Attachment 3.4 
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 Attachment 3.5 

 

3.6.3. Benefits of conducting FMEA 

 Increase customer satisfaction by improving safety and reliability and mitigating the 

adverse effect of problems before they reach the customer. 

 Improve development efficiency in terms of time and cost by solving reliability and 

manufacturing problems during design stages. The more we move in the development 

stage, the more rectifying problems becomes more expensive. 

 Document, prioritize, and communicate potential risks by making issues explicit to FMEA 

team members, management, and customers. 

 Help reduce the chances of catastrophic failure that can result in injuries and/or adverse 

effect on the environment. 

 Optimize maintenance efforts by suggesting applicable and effective preventive 

maintenance tasks for potential failure modes. 

 

3.6.4. FMEA Applications 

 

Although FMEA started in the aerospace and automobile industry, it found application in various 

areas, such as the healthcare industry. With patient safety a priority in healthcare, the technique 

has seen application in healthcare. Medical devices and medical services such as drug delivery 

have added FMEA as a means to understand the risks not considered by individual design and 

process personnel. FMEA allows a team of persons to review the design at key points in product 

development or medical service and make comments and changes to the design of the product or 

process well in advance of actually experiencing the failure. The Food and Drug Administration 

(FDA) has recognized FMEA as a design verification method for Drugs and Medical Devices. 

Hospitals also use FMEA to prevent the possibility of process errors and mistakes leading to 

incorrect surgery or medication administration errors. FMEA is now an integral part of many 

hospitals’ continuous improvement program. 
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3.7. Spare parts Management 

 

 Spare parts Management plays an important role in achieving the desired plant availability at an 

optimum cost. Presently, the industries are going for capital intensive, mass production oriented 

and sophisticated technology. The downtime for such plant and machinery is prohibitively 

expensive. It has been observed in many industries that the non-availability of spare parts, as and 

when required for repairs, contributes to as much as 50% of the total down time. Also, the cost of 

spare parts is more than 50% of the total maintenance cost in the industry. It is a paradox to note 

that the maintenance department is complaining of the non-availability of the spare parts to meet 

their requirement and finance department is facing the problem of increasing locked up capital in 

spare parts inventory. This amply signifies the vital importance of spare parts management in any 

organisation.  

 

The unique problems faced by the organisation in controlling/managing the spare parts are as 

follows. Firstly, there is an element of uncertainty as to when a part is required and also the quantity 

of its requirement. This is due to the fact that the failure of a component, either due to wearing out 

or due to other reasons, cannot be predicted accurately. 

Secondly, spare parts are not that easily available in the market as they are not fast moving items. 

The original equipment manufacturer has to supply the spares in most of the cases. New models 

are introduced to incorporate the design improvements and old models are phased out. Hence the 

spares for old models are not readily available. Particularly, this is more so in case of imported 

equipment as the design changes are taking place faster in the developed countries.  

Thirdly, the number and variety of spare parts are too large making the close control more and 

more tedious. For instance, the number of items of spares in a medium scale engineering industry 

may be around 15,000 and that in a large scale chemical industry may be around 100,000. Fourthly, 

there is a tendency from the stage of purchase of the equipment to the stage of the use of the spare 

parts, to requisition spare parts more number than that are actually required and accumulation of 

spares takes place. 

Finally, the rate of consumption of spare parts for some are very high and for some are very low. 

These problems are to be faced by systematic spare parts management.  

 

The objective of spare parts management is to ensure the availability of spares for maintenance 

and repairs of the plant and machinery as and when required at an optimum cost. Also, the spares 

should be of right quality. There are many actions required to ensure the spare parts management 

effective. 

 

There is a need for systematic actions while managing spare parts as given below:  

a. Identification of spare parts 

b. Forecasting of spare parts requirement  

c. Inventory analyses  

d. Formulation of selective control policies for various categories  

            e. Development of inventory control systems  

            f. Stocking policies for capital & insurance spares  

g. Stocking policies for rotable spares or sub- assemblies  

h. Replacement policies for spare parts  

i. Spare parts inspection  
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j. Indigenisation of spares  

k. Reconditioning of spare parts  

l. Establishment of spare parts bank  

           m. Computer applications for spare parts management. 

Every organisation should proceed systematically and establish an effective spare parts 

management system. Codification helps the organisation minimizing duplication of spare parts 

stocking thereby reducing inventory, aids the accounting process and facilitates the 

computerisation of spare parts control systems. The inventory analyses carried out on the basis of 

different characteristics of the spare parts, such as annual consumption value, criticality, lead time, 

unit cost and the frequency of use, help the company in establishing suitable policies for selective 

control. This also helps in focusing our efforts on real problem areas.  

A good inventory control system will help systemizing the ordering procedure and also achieving 

an optimum level of inventory. In addition, selectively efforts should be made to evolve optimum 

replacement policies for selected spare parts, for which cost of down time and cost of replacement 

are very high. So, we have to identify such spare parts and carry out the exercise for evolving 

optimum replacement policies.  

For the spare parts which are very expensive and those which are to be imported, it is essential that 

the useful life for such spares is extended by appropriate applications of reconditioning and repair 

techniques. Also, efforts should be made to indigenise the spare parts in view of the hard-to-get 

foreign exchange involvement. Also, for similar industries establishing of spare parts bank goes a 

long way in reducing the total inventory holding of the expensive spare parts and also reduces the 

stock holding cost. For different industries, it will be helpful to establish spare parts banks and a 

suitable information system for the exchange of spares. Lately, the application of computers for 

the processing of spare parts information and operating an effective spare parts control system will 

be very helpful for the organisation and will ensure timely actions for an efficient and effective 

spare parts management. 

 

3.7.1. IDENTIFICATION OF SPARE PARTS  

When a spare part is required to put back in operation an equipment which is under breakdown, it 

becomes necessary to identify the part for getting the same issued from the store or for purchasing 

the same from the vendor. While identifying it becomes essential to give the complete description 

including the size and type of the spare to draw from the stores and it becomes essential for all 

concerned ie., the maintenance personnel and stores personnel are aware of such description. If it 

is the vendor, he may not be satisfied with the description and he may also require the 

manufacturer's part number.  

It is a cumbersome and time consuming task during every transaction to identify a spare part by 

its description and manufacturer's part number accompanied by the parent equipment's name, make 

and model designation. Therefore, it is essential to give a numerical name or code to each spare 

part. This process of giving code to each spare part is called codification. Since, the range of spares 

used in any organisation is too large and there are quite a few spares meant for specific equipment, 

it is always preferred to use codes which are significant ie., from the code number one will be able 

to find out  

- the equipment type, make & model  

- the type/class of the spare-part  

- the size (in some cases)  
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If the spare part code is to incorporate the equipment type etc., then the codification of equipment 

becomes a prerequisite for spare part codification.  

The number of digits required for spare part code depends on the actual requirement ie., the range 

of equipment in use and the types and number of spare parts in the organisation. It is very common 

to come across 9 to 16 digit codes for spare parts. For instance, a 10-digit code may signify,  

1st digit - imported or indigenous  

2nd, 3rd & 4th digits - machine type, make & model  

5th, 6th & 7th digits - spare-part class  

8th, 9th & 10th digits - size or serial number.  

By classifying and codifying all the spare parts, it becomes easy to minimize the duplication of 

spare parts thereby effecting reduction in the inventory. Codification also helps easy accounting 

and computerisation in addition to easier communication between concerned parties.  

In addition to codifying the spare part, it will be of immense benefit to codify the location of spare 

parts. Stock location number helps the stores personnel to locate the part and issue the same as and 

when the same is requisitioned. Also the stock verification and upkeep programme becomes less 

and less cumbersome.  

After codifying the spare parts and assigning stock location numbers, all the users should be made 

aware of and should be supplied with the relevant codes and stock location numbers in the form 

of a spare parts catalogue.  

The spare parts catalogue should contain the following information:  

Spare parts codification plan  

Spare part code  

Spare part description  

Drawing number  

Manufacturer's code & part number  

Stock location number.  

The spare parts catalogue may be produced in sufficient copies so as to make available for all the 

users such as the maintenance personnel, stores personnel and purchase personnel. This is a very 

important aspect often neglected in the organisation.  

The next step in identification of spare parts is to put an identification tag or mark with the code 

to enable the stores personnel identify during the time of issue. If sufficient care is not taken to 

incorporate the code, a lot of time is spent in locating the part and that time is actually added to 

the down-time which is really very expensive in case of vital spare parts. There are a variety of 

stickers which are scratch-proof, water-proof and temperature-proof available in the market. 

Efforts should be made by the organisations to make use of such identification tags and it will go 

a long way in reducing the downtime. 

 

3.7.2. INVENTORY ANALYSIS AND SELECTIVE CONTROL  

For the successful spare parts management, it is essential to analyze the spare parts inventory based 

on various characteristics such as the frequency of issues, the annual consumption value, the 

criticality, the lead time and the unit price. This is essential as it would not be possible to exercise 

the same type of control for all items and it may not really be effective. Inventory analysis aids 

selection of policies for selective control.  

Commonly used inventory analyses are:  

(1) FSN Analysis  

(2) ABC Analysis  
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(3) VED Analysis  

(4) SDE Analysis  

(5) HML Analysis  

FSN Analysis:  
Classification based on Frequency of Issues/Use:-  

F, S & N stand for Fast moving, Slow moving and Non-moving items. This form of classification 

identifies the items frequently issued, less frequently issued for use and the items which are not 

issued for longer period, say, 2 years. For instance, the items can be classified as follows:  

Fast Moving (F) = Items that are frequently issued say more than once a month. 

Slow Moving (S) = Items that are issued less than once a month.  

Non-Moving (N) = Items that are not issued\used for more than 2 years.  

 

This classification helps spare parts management in establishing most suitable stores layout by 

locating all the fast moving items near the dispensing window to reduce the handling efforts. Also, 

attention of the management is focused on the Non-Moving items to enable decision as to whether 

they are required in the future or they can be salvaged. Experience shows that many industries 

which are more than 15 years old have more than 50% of the stock as non-moving spares.  

Even if a few of them are disposed off and the locked up capital is made available, it will make 

available additional working capital to the organisation. Action for disposal should be taken based 

on the value of each item of spare.  

SDE Analysis:-  

Classification based on the lead time:  
This classification is carried out based on the lead time required to procure the spare part. The 

classification is as follows:  

Scarce (S) : Items which are imported and those items  

which require more than 6 months' lead  

time.  

Difficult (D) : Items which require more than a fortnight  

but less than 6 months' lead time.  

Easily  

available (E) : Items which are easily available ie., less  

than a fortnights' lead time.  

This classification helps in reducing the lead time required at least in case of vital items. 

Ultimately, this will reduce stock-out costs in case of stock-outs. A comprehensive analysis may 

ultimately bring down lead time for more & more number of items. This will also result in 

streamlining the purchase and receiving systems and procedures.  

VED Analysis:-  
Classification Based On Criticality:  

Several factors contribute to the criticality of a spare part. If a spare is for a machine on which 

many other processes depend, it could be of very vital importance. Also if a spare is, say, an 

imported component for which procurement lead time could be very high its non- availability may 

mean a heavy loss. Similarly spares required for fighter aircraft at the time of war could be of great 

value in terms of fighting capability. In general, criticality of a spare part can be determined from 

the production downtime loss, due to spare being not available when required.  

Based on criticality, spare parts are conventionally classified into three classes, viz. vital, essential 

and desirable. 
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VITAL (V) : A spare part will be termed vital, if on account of its non-availability there will be 

very high loss due to production downtime and/or a very high cost will be involved if the part is 

procured on emergency basis. In a process industry, most spare parts for the bottleneck machine 

or process will be of vital nature. For example, bearings for a kiln in a cement plant will be 

considered vital.  

ESSENTIAL (E) : A spare part will be considered essential if, due to its non-availability, 

moderate loss is incurred. For example, bearings for motors of auxiliary pumps will be classified 

as essential.  

DESIRABLE (D) : A spare part will be desirable if the production loss is not very significant due 

to its non-availability. Most of the parts will fall under this category. For example, gaskets for 

piping connection.  

The VED analysis helps in focusing the attention of the management on vital items and ensuring 

their availability by frequent review and reporting. Thus, the downtime losses could be minimized 

to a considerable extent.  

ABC Analysis:-  

Classification Based on Consumption:  
Another method of classifying spares is on the basis of annual consumption value. As it is true 

for any inventory situation, Pareto's principle can be applied to classify maintenance spares based 

on consumption value.  

Pareto principle: The significant items in a given group normally constitute a small portion of 

the total items in a group and the majority of the items in the total will, in aggregate, be of minor 

significance.  

This way of classification is known as ABC classification.  

CLASS A: 10% of total spares contributing towards 70% of total consumption value.  

CLASS B: 20% of total spares which account for about 20% of total consumption value.  

CLASS C: 70% of total spares which account for only 10% of total consumption value.  

In a specific spares control system, it is quite possible that in a single year, many spares would not 

have been consumed at all. In such cases, it is better to perform ABC analysis on longer 

consumption period data, say 3 years. Then only spares will not be left out in this classification.  

Policy for 'A' items  
* Maximum control  

* Value Analysis  

* More than one supplier  

* Control by top executives.  

Policy for 'B' items 

* Minimum control  

* Bulk Orders   

* More items from same supplier.  

 

HML Analysis:-  

Classification based on unit price:  
This classification is as follows:  

High Cost (H) : Item whose unit value is very high,  say, Rs.1000/- and above.  

Medium Cost (M) : Item whose unit value is of medium value, say, above Rs.100/- but less than 

Rs.1000/-.  

Low Cost (L) : Item whose unit value is low, say, less than Rs.100/-.  
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This type of analysis helps in exercising control at the shop floor level ie, at the use point. Proper 

authorisation should be there for replacing a high value spare. Efforts may be necessary to find out 

the means for prolonging the life of high value parts through reconditioning and repair. Also, it 

may be worthwhile to apply the techniques of value analysis to find out a less expensive substitute.  

Some other Classifications based on other characteristics:  

A) Capital Spares:  
These are vital spares for critical equipment. The stock-out cost for such spares is very high and 

the unit cost also is very high. The number of items consumed during the life time of the equipment 

may be 1 or 2 or 3. Hence, the decision has to be made as to the number of items to be stored.  

B) Insurance Spares:  
An insurance items is a spare part that will be used to replace a failed identical part in an operating 

equipment whose penalty cost for downtime is very high. Hence, by definition, it is an insurance 

against such failures for which the down time costs are very high. They do not become obsolete 

until the parent equipment is retired from service no matter if they do not move for many years.  

C) Overhaul spares:  
Spare parts which must be replaced every time the equipment is dissembled and re-assembled.  

D) Wear and Tear Spares:  
Spare parts which have regular wear and tear in the course of operation of the equipment and need 

to be replaced after definite number of hours of equipment operation. 

E) Consumable spares:  
These are regularly used items such as fasteners, seals, bearings, etc. These are to be stored by the 

materials department. 
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4.1. An Introduction to Total Productive Maintenance (TPM) 
In today’s industrial scenario huge losses/wastage occur in the manufacturing shop floor. This waste 

is due to operators, maintenance personal, process, tooling problems and non-availability of 

components in time etc. Other forms of waste includes idle machines, idle manpower, break down 

machine, rejected parts etc are all examples of waste. The quality related waste are of significant 

importance as they matter the company in terms of time, material and the hard earned reputation of the 

company. There are also other invisible wastes like operating the machines below the rated speed, start 

up loss, break down of the machines and bottle necks in process. Zero oriented concepts such as zero 

tolerance for waste, defects, break down and zero accidents are becoming a pre-requisite in the 

manufacturing and assembly industry. In this situation, a revolutionary concept of TPM has been 

adopted in many industries across the world to address the above said problems. This  deals in length 
about this TPM.  

4.2.What is Total Productive Maintenance (TPM)?  

It can be considered as the medical science of machines. Total Productive Maintenance (TPM) is a 

maintenance program, which involves a newly defined concept for maintaining plants and equipment. 

The goal of the TPM program is to markedly increase production while, at the same time, increasing 
employee morale and job satisfaction.  

TPM brings maintenance into focus as a necessary and vitally important part of the business. It is no 

longer regarded as a non-profit activity. Down time for maintenance is scheduled as a part of the 

manufacturing day and, in some cases, as an integral part of the manufacturing process. The goal is to 
hold emergency and unscheduled maintenance to a minimum.  

4.3. TPM - History:  

TPM is an innovative Japanese concept. The origin of TPM can be traced back to 1951 when preventive 

maintenance was introduced in Japan. However the concept of preventive maintenance was taken from 

USA. Nippondenso was the first company to introduce plant wide preventive maintenance in 1960. 

Preventive maintenance is the concept wherein, operators produced goods using machines and the 

maintenance group was dedicated with work of maintaining those machines, however with the 

automation of Nippondenso, maintenance became a problem, as more maintenance personnel were 

required. So the management decided that the operators would carry out the routine maintenance of 

equipment. (This is Autonomous maintenance, one of the features of TPM). Maintenance group took 
up only essential maintenance works.  

Thus Nippondenso, which already followed preventive maintenance, also added Autonomous 

maintenance done by production operators. The maintenance crew went in the equipment modification 

for improving reliability. The modifications were made or incorporated in new equipment. This lead 

to maintenance prevention. Thus preventive maintenance along with Maintenance prevention and 

Maintainability Improvement gave birth to Productive maintenance. The aim of productive 
maintenance was to maximize plant and equipment effectiveness.  

By then Nippon Denso had made quality circles, involving the employees participation. Thus all 

employees took part in implementing Productive maintenance. Based on these developments 

Nippondenso was awarded the distinguished plant prize for developing and implementing TPM, by 

the Japanese Institute of Plant Engineers (JIPE). Thus Nippondenso of the Toyota group became the 

first company to obtain the TPM certification. 
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4.4.Why TPM?  

TPM was introduced to achieve the following objectives. The important ones are listed below.  

• Avoid wastage in a quickly changing economic environment.  

• Producing goods without reducing product quality.  

• Reduce cost.  

• Produce a low batch quantity at the earliest possible time.  

• Goods send to the customers must be non-defective.  

 

4.5.Similarities and differences between TQM and TPM:  

The TPM program closely resembles the popular Total Quality Management (TQM) program. Many 

of the tools such as employee empowerment, benchmarking, documentation, etc. used in TQM are 
used to implement and optimize TPM. Following are the similarities between the two.  

1. Total commitment to the program by upper level management is required in both programmes. 

      2.    Employees must be empowered to initiate corrective action, and  

3.   A long-range outlook must be accepted as TPM may take a year or more to implement and is 

an on-going process. Changes in employee mind-set toward their job responsibilities must take 
place as well.  

The differences between TQM and TPM are summarized below. 

Category  TQM  TPM  

Object  Quality (Output 

and effects)  

Equipment (Input and cause)  

Mains of attaining 

goal  

Systematize the 

management. It is 

software oriented  

Employees participation and it is hardware 

oriented  

Target  Quality for PPM  Elimination of losses and wastes.  

4.6.TPM Targets: 

1. Obtain Minimum 90% OEE (Overall Equipment Effectiveness)  

2. Run the machines even during lunch. (Lunch is for operators and not for machines!)  

3. Operate in a manner, so that there are no customer complaints.  

4. Reduce the manufacturing cost by 30%.  

5. Achieve 100% success in delivering the goods as required by the customer.  

6. Maintain an accident free environment.  

7. Increase the suggestions from the workers/employees by 3 times. Develop Multi-skilled and 
flexible workers.  
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Motives of TPM  
 
1. Adoption of life cycle approach for improving the overall performance 

of production equipment.  

2. Improving productivity by highly motivated workers, which is achieved 

by job enlargement.  

3. The use of voluntary small group activities for identifying the cause of 

failure, possible plant and equipment modifications.  

 

Uniqueness of TPM  The major difference between TPM and other concepts is that the 

operators are also made to involve in the maintenance process. The 

concept of "I (Production operators) Operate, You (Maintenance 

department) fix" is not followed.  

TPM Objectives   
1. Achieve Zero Defects, Zero Breakdown and Zero accidents in all 

functional areas of the organization.  

2. Involve people in all levels of organization.  

3. Form different teams to reduce defects and self-Maintenance.  

 

Direct benefits of TPM   
1. Increase in productivity and OEE (Overall Equipment Efficiency)  

2. Reduction in customer complaints.  

3. Reduction in the manufacturing cost by 30%.  

4. Satisfying the customers needs by 100 % (Delivering the right quantity 

at the right time, in the required quality.)  

5. Reduced accidents.  

 

Indirect benefits of TPM   
1. Higher confidence level among the employees.  

2. A clean, neat and attractive work place.  

3. Favourable change in the attitude of the operators.  

4. Achieve goals by working as team.  

5. Horizontal deployment of a new concept in all areas of the organization.  

6. Sharing knowledge and experience.  

7. The workers get a feeling of owning the machine.  

 

4.7.Stages in TPM implementation:  

Step A - PREPARATORY STAGE:  

STEP 1 - Announcement by Management to all about TPM introduction in the 
organization:  

Proper understanding, commitment and active involvement of the top management in needed for this 

step. Senior management should have awareness programmes, after which announcement is made. 

Decision the implement TPM is published in the in house magazine, displayed on the notice boards 
and a letter informing the same is send to suppliers and customers. 
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STEP 2 - Initial education and propaganda for TPM:  

Training is to be done based on the need. Some need intensive training and some just awareness 
training based on the knowledge of employees in maintenance.  

STEP 3 - Setting up TPM and departmental committees:  

TPM includes improvement, autonomous maintenance, quality maintenance etc., as part of it. 
When committees are set up it should take care of all those needs.  

STEP 4 - Establishing the TPM working system and target:  

Each area/work station is benchmarked and target is fixed up for achievement. 

STEP 5 - A master plan for institutionalizing:  

Next step is implementation leading to institutionalizing wherein TPM becomes an 

organizational culture. Achieving PM award is the proof of reaching a satisfactory level.  

STEP B - INTRODUCTION STAGE  

A small get-together, which includes our suppliers and customer’s participation, is conducted. 

Suppliers as they should know that we want quality supply from them. People from related companies 

and affiliated companies who can be our customers, sisters concerns etc. are also invited. Some may 

learn from us and some can help us and customers will get the message from us that we care for quality 
output, cost and keeping to delivery schedules.  

STAGE C - IMPLEMENTATION  

In this stage eight activities are carried which are called eight pillars in the development of TPM 

activity. Of these four activities are for establishing the system for production efficiency, one for initial 

control system of new products and equipment, one for improving the efficiency of administration and 

are for control of safety, sanitation as working environment.  

STAGE D - INSTITUTIONALISING STAGE  

By now the TPM implementation activities would have reached maturity stage. Now is the time to 
apply for award. 

4.8.TPM Organization Structure:  

 

 
Fig-4.1 
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4.9. OEE (Overall Equipment Efficiency): 
The basic measure associated with Total Productive Maintenance (TPM) is the OEE. This OEE 

highlights the actual "Hidden capacity" in an organization. OEE is not an exclusive measure of how 

well the maintenance department works. The design and installation of equipment as well as how it is 

operated and maintained affect the OEE. It measures both efficiency (doing things right) and 

effectiveness (doing the right things) with the equipment. It incorporates three basic indicators of 
equipment performance and reliability. Thus OEE is a function of the three factors mentioned below.  

1. Availability or uptime (downtime: planned and unplanned, tool change, tool service, job change 
etc.)  

2. Performance efficiency (actual vs. design capacity)  

3. Rate of quality output (Defects and rework)  

 

Fig.- 4.2 
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Thus OEE = A x PE x Q 

A - Availability of the machine. Availability is proportion of time machine is actually available out of 

time it should be available.  

Availability = (Planned production time – unscheduled downtime)/ Planned production time  

Production time = Planned production time – Downtime  

 

Gross available hours for production include 365 days per year, 24 hours per day, 7 days per week. 

However this is an ideal condition. Planned downtime includes vacation, holidays, and not enough 

loads. Availability losses include equipment failures and changeovers indicating situations when the 

line is not running although it is expected to run.  

 

PE - Performance Efficiency. The second category of OEE is performance. The formula can be 

expressed in this way: 

 

Performance (Speed) = (Cycle time x Number of products processed)/ Production time  

Net production time is the time during which the products are actually produced. Speed losses, small 

stops, idling, and empty positions in the line indicate that the line is running, but it is not providing the 
quantity it should.  

 

Q - Refers to quality rate. Which is percentage of good parts out of total produced. Sometimes called 

“yield”. Quality losses refer to the situation when the line is producing, but there are quality losses due 
to in-progress production and warm up rejects. We can express a formula for quality like this:  

 

Quality (Yield) = (Number of products processed – Number of products rejected) (Number of 

products processed)  

 

A simple example on how OEE is calculated is shown below.  

• Running 70 percent of the time (in a 24-hour day)  

• Operating at 72 percent of design capacity (flow, cycles, units per hour)  

• Producing quality output 99 percent of the time  

 

When the three factors are considered together (70% availability x 72% efficiency x 99% quality), the 

result is an overall equipment effectiveness rating of 49.9 percent. 
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4.10. Pillars of TPM: 

 
Fig-4.3 

4.10.1. PILLAR 1 - 5S:  

TPM starts with 5S. It is a systematic process of housekeeping to achieve a serene environment in the 

work place involving the employees with a commitment to sincerely implement and practice house 

keeping. Problems cannot be clearly seen when the work place is unorganized. Cleaning and organizing 

the workplace helps the team to uncover problems. Making problems visible is the first step of 

improvement. 5s is a foundation program before the implementation of TPM, hence in the above figure, 

5s has been positioned in the base. If this 5S is not taken up seriously, then it leads to 5D. They are 

Delays, Defects, Dissatisfied customers, declining profits and Demoralized employees. Following 
are the pillars of 5S.  
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Fig- 4.4 

 

Japanese Term  English Translation  Equivalent 'S' term  

Seiri  Organisation  Sort  

Seiton  Tidiness  Systematise  

Seiso  Cleaning  Sweep  

Seiketsu  Standardisation  Standardise  

Shitsuke  Discipline  Self - Discipline  

SEIRI - Sort out:  

This means sorting and organizing the items as critical, important, frequently used items, useless, or 
items that are not need as of now. Unwanted items can be salvaged. Critical items should be kept for 
use nearby and items that are not be used in near future, should be stored in some place. For this 
step, the worth of the item should be decided based on utility and not cost. As a result of this step, 
the search time is reduced. 

 

Priority  Frequency of Use  How to use  

Low  Less than once per year, Once 

per year<  

Throw away, Store away 

from the workplace  

Average  At least 2/6 months, Once per 

month, Once per week  

Store together but offline  

High  Once Per Day  Locate at the workplace  

 

 



Maintenance Engineering & Management (Module -4) 
 

9 
 

SEITON - Organise:  

The concept here is that "Each items has a place, and only one place". The items should be placed 

back after usage at the same place. To identify items easily, name plates and coloured tags has to be 

used. Vertical racks can be used for this purpose, and heavy items occupy the bottom position in the 
racks.  

SEISO - Shine the workplace:  

This involves cleaning the work place free of burrs, grease, oil, waste, scrap etc. No loosely hanging 
wires or oil leakage from machines.  

SEIKETSU - Standardization:  

Employees has to discuss together and decide on standards for keeping the work place / Machines / 

pathways neat and clean. This standards are implemented for whole organization and are tested / 

Inspected randomly.  

SHITSUKE - Self discipline:  

Considering 5S as a way of life and bring about self-discipline among the employees of the 

organization. This includes wearing badges, following work procedures, punctuality, dedication to the 

organization etc.  

This 5S implementation has to be carried out in phased manner.  

4.10.2. PILLAR 2 - JISHU HOZEN (Autonomous maintenance):  

This pillar is geared towards developing operators to be able to take care of small maintenance tasks, 

thus freeing up the skilled maintenance people to spend time on more value added activity and technical 

repairs. The operators are responsible for upkeep of their equipment to prevent it from deteriorating. 

By use of this pillar, the aim is to maintain the machine in new condition. The activities involved are 

very simple nature. This includes cleaning, lubricating, visual inspection, tightening of loosened bolts 
etc.  

Policy:  

1. Uninterrupted operation of equipments.  

2. Flexible operators to operate and maintain other equipments.  

3. Eliminating the defects at source through active employee participation.  

 

Steps in JISHU HOZEN:  

1. Preparation of employees.  

2. Initial cleanup of machines.  

3. Take counter measures  

4. Fix tentative JH standards  

5. General inspection  

6. Autonomous inspection  

7. Standardization and  
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Each of the above-mentioned steps is discussed in detail below.  

1. Train the Employees: Educate the employees about TPM, Its advantages, JH advantages and 

Steps in JH. Educate the employees about the equipment they use, the frequency of oiling, day-

to-day maintenance activities required and the abnormalities that could occur in the machine 
and way to find out the abnormalities.  

2. Initial cleanup of machines:  

 Arrange all items needed for cleaning.  

 On the arranged date, employees clean the equipment with the help of maintenance department.  

 Dust, stains, oils and grease has to be removed. When cleaning oil leakage, loose wires, 
unfastened nuts and bolts and worn out parts must be taken care. 

 After clean up, problems are categorized and suitably tagged. White tags are place where 

operators can solve problems. Pink tag is placed where the aid of maintenance department is 
needed. 

 Contents of tag are transferred to a register. 

 Make note of area, which were inaccessible. 

 Open parts of the machine are closed, and the machine is run. 

3. Counter Measures: 

      o Inaccessible regions had to be reached easily. E.g. If there are many screw to open a flywheel      

door, hinge door can be used. Instead of opening a door for inspecting the machine, acrylic sheets can    
be used. 

      o To prevent work out of machine parts necessary action must be taken. 

      o Machine parts should be modified to prevent accumulation of dirt and dust. 

4. Tentative Standard:  

   o JH schedule has to be made and followed strictly.  

   o Schedule should be made regarding cleaning, inspection and lubrication and it also should 
include details like when, what and how.  

5. General Inspection:  

   o The employees are trained in disciplines like Pneumatics, electrical, hydraulics, lubricant and 
coolant, drives, bolts, nuts and Safety.  

      o This is necessary to improve the technical skills of employees and to use inspection manuals 

correctly.  

   o After acquiring this new knowledge the employees should share this with others.  

      o By acquiring this new technical knowledge, the operators are now well aware of machine parts.  

6. Autonomous Inspection:  

   o New methods of cleaning and lubricating are used.  

   o Each employee prepares his own autonomous chart / schedule in consultation with supervisor.  

   o Parts, which have never given any problem, or part, which don’t need any inspection, are 

removed from list permanently based on experience.  
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   o Including good quality machine parts. This avoids defects due to poor JH.  

   o Inspection that is made in preventive maintenance is included in JH.  

   o The frequency of cleanup and inspection is reduced based on experience.  

7. Standardization:  

   o Upto the previous step only the machinery / equipment was the concentration. However in this 

step the surroundings of machinery are organized. Necessary items should be organized, such that there 
is no searching and searching time is reduced.  

   o Work environment is modified such that there is no difficulty in getting any item.  

   o Everybody should follow the work instructions strictly.  

   o Necessary spares for equipments is planned and procured.  

4.10.3. PILLAR 3 - KAIZEN: 

"Kai" means change, and "Zen" means good (for the better). Basically kaizen is for small 

improvements, but carried out on a continual basis and involve all people in the organization. Kaizen 

is opposite to big spectacular innovations. Kaizen requires no or little investment. The principle behind 

is that "a very large number of small improvements are move effective in an organizational 

environment than a few improvements of large value. This pillar is aimed at reducing losses in the 

workplace that affect our efficiencies. By using a detailed and thorough procedure we eliminate losses 

in a systematic method using various Kaizen tools. These activities are not limited to production areas 
and can be implemented in administrative areas as well.  

Kaizen Policy:  

1. Practice concepts of zero losses in every sphere of activity.  

2. Relentless pursuit to achieve cost reduction targets in all resources  

3. Relentless pursuit to improve over all plant equipment effectiveness.  

4. Extensive use of PM analysis as a tool for eliminating losses.  

5. Focus of easy handling of operators.  

 

Kaizen Target:  

Achieve and sustain zero loses with respect to minor stops, measurement and adjustments, defects and 
unavoidable downtimes. It also aims to achieve 30% manufacturing cost reduction.  

Tools used in Kaizen:  

1. Why - Why analysis.  

2. Poka yoke. (Poka-Yoke is Japanese term, which in English means ‘Mistake Proofing’ or 'error 

prevention').  

3. Summary of losses.  

4. Kaizen register.  

5. Kaizen summary sheet.  

 



Maintenance Engineering & Management (Module -4) 
 

12 
 

The objective of TPM is maximization of equipment effectiveness. TPM aims at maximization of 

machine utilization and not merely machine availability maximization. As one of the pillars of TPM 

activities, Kaizen pursues efficient equipment, operator and material and energy utilization that is 

extremes of productivity and aims at achieving substantial effects. 

 

4.10.4. PILLAR 4 - PLANNED MAINTENANCE: 

It is aimed to have trouble free machines and equipments producing defect free products for total 

customer satisfaction. This breaks maintenance down into four "families" or groups, which was defined 

earlier.  

1. Preventive Maintenance  

2. Breakdown Maintenance  

3. Corrective Maintenance  

4. Maintenance Prevention  

 

With Planned Maintenance we evolve our efforts from a reactive to a proactive method and use trained 

maintenance staff to help train the operators to better maintain their equipment.  

Policy:  

1. Achieve and sustain availability of machines  

2. Optimum maintenance cost.  

3. Reduces spares inventory.  

4. Improve reliability and maintainability of machines.  

 

Target:  

1. Zero equipment failure and break down.  

2. Improve reliability and maintainability by 50 %  

3. Reduce maintenance cost by 20 %  

4. Ensure availability of spares all the time.  

 

Six steps in Planned maintenance:  

1. Equipment evaluation and recoding present status.  

2. Restore deterioration and improve weakness.  

3. Building up information management system.  

4. Prepare time based information system, select equipment, parts and members and map out plan.  

5. Prepare predictive maintenance system by introducing equipment diagnostic techniques and  

6. Evaluation of planned maintenance.  
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4.10.5. PILLAR 5 - QUALITY MAINTENANCE: 

It is aimed towards customer delight through highest quality through defect free manufacturing. Focus 

is on eliminating non-conformances in a systematic manner, much like Focused Improvement. We 

gain understanding of what parts of the equipment affect product quality and begin to eliminate current 

quality concerns, and then move to potential quality concerns. Transition is from reactive to proactive 

(Quality Control to Quality Assurance).  

QM activities is to set equipment conditions that preclude quality defects, based on the basic concept 

of maintaining perfect equipment to maintain perfect quality of products. The condition is checked and 

measure in time series to very that measure values are within standard values to prevent defects. The 

transition of measured values is watched to predict possibilities of defects occurring and to take counter 
measures beforehand. 

Policy:  

1. Defect free conditions and control of equipments.  

2. QM activities to support quality assurance.  

3. Focus of prevention of defects at source.  

4. Focus on poka-yoke. (Fool proof system)  

5. In-line detection and segregation of defects.  

6. Effective implementation of operator quality assurance.  

 

Target :  

1. Achieve and sustain customer complaints at zero  

2. Reduce in-process defects by 50 %  

3. Reduce cost of quality by 50 %.  

 

Data requirements:  

Quality defects are classified as customer end defects and in house defects. For customer-end data, we 
have to get data on  

1. Customer end line rejection  

2. Field complaints.  

 

In-house, data include data related to products and data related to process  

Data related to product:  

1. Product wise defects  

2. Severity of the defect and its contribution - major/minor  

3. Location of the defect with reference to the layout  

4. Magnitude and frequency of its occurrence at each stage of measurement  

5. Occurrence trend in beginning and the end of each production/process/changes. (Like pattern 
change, ladle/furnace lining etc.)  
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6. Occurrence trend with respect to restoration of breakdown/modifications/periodical replacement 

of quality components.  

 

Data related to processes:  

1. The operating condition for individual sub-process related to men, method, material and 
machine.  

2. The standard settings/conditions of the sub-process  

3. The actual record of the settings/conditions during the defect occurrence.  

4.10.6. PILLAR 6 – EDUCATION & TRAINING:  

It is aimed to have multi-skilled revitalized employees whose morale is high and who has eager to 

come to work and perform all required functions effectively and independently. Education is given to 

operators to upgrade their skill. It is not sufficient know only "Know-How" by they should also learn 

"Know-why". By experience they gain, "Know-How" to overcome a problem what to be done. This 

they do without knowing the root cause of the problem and why they are doing so. Hence it becomes 

necessary to train them on knowing "Know-why". The employees should be trained to achieve the four 
phases of skill. The goal is to create a factory full of experts. The different phase of skills is  

Phase 1: Do not know.  

Phase 2: Know the theory but cannot do.  

Phase 3: Can do but cannot teach  

Phase 4: Can do and also teach.  

Policy:  

1. Focus on improvement of knowledge, skills and techniques.  

2. Creating a training environment for self-learning based on felt needs.  

3. Training curriculum / tools /assessment etc conductive to employee revitalization  

4. Training to remove employee fatigue and make, work enjoyable.  

Target:  

1. Achieve and sustain downtime due to want men at zero on critical machines.  

2. Achieve and sustain zero losses due to lack of knowledge / skills / techniques  

3. Aim for 100 % participation in suggestion scheme.  

Steps in Educating and training activities:  

1. Setting policies and priorities and checking present status of education and training.  

2. Establish of training system for operation and maintenance skill up gradation.  

3. Training the employees for upgrading the operation and maintenance skills.  

4. Preparation of training calendar.  

5. Kick-off of the system for training.  

6. Evaluation of activities and study of future approach.  
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4.10.7. PILLAR 7 - OFFICE TPM:  

Office TPM should be started after activating four other pillars of TPM (JH, Kaizen, QM, PM). Office 

TPM must be followed to improve productivity, efficiency in the administrative functions and identify 

and eliminate losses. This includes analyzing processes and procedures towards increased office 
automation. Office TPM addresses twelve major losses. They are :- 

1. Processing loss  

2. Cost loss including in areas such as procurement, accounts, marketing, sales leading to high 
inventories  

3. Communication loss  

4. Idle loss  

5. Set-up loss  

6. Accuracy loss  

7. Office equipment breakdown  

8. Communication channel breakdown, telephone and fax lines  

9. Time spent on retrieval of information  

10. Non availability of correct on line stock status  

11. Customer complaints due to logistics  

12. Expenses on emergency dispatches/purchases.  

How to start office TPM?  

A senior person from one of the support functions e.g. Head of Finance, MIS, Purchase etc should be 

heading the sub-committee. Members representing all support functions and people from Production 
& Quality should be included in sub committee. TPM co-ordinate plans and guides the sub committee.  

1. Providing awareness about office TPM to all support departments  

2. Helping them to identify P, Q, C, D, S, M in each function in relation to plant performance  

3. Identify the scope for improvement in each function  

4. Collect relevant data  

5. Help them to solve problems in their circles  

6. Make up an activity board where progress is monitored on both sides - results and actions along 

with Kaizens.  

7. Fan out to cover all employees and circles in all functions.  

 

Kaizen topics for Office TPM:  

• Inventory reduction  

• Lead time reduction of critical processes  

• Motion & space losses  

• Retrieval time reduction.  

• Equalizing the work load  
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• Improving the office efficiency by eliminating the time loss on retrieval of information, by 

achieving zero breakdown of office equipment like telephone and fax lines.  

Office TPM and its Benefits:  

1. Involvement of all people in support functions for focusing on better plant performance  

2. Better utilized work area  

3. Reduce repetitive work  

4. Reduced administrative costs  

5. Reduced inventory carrying cost  

6. Reduction in number of files  

7. Productivity of people in support functions  

8. Reduction in breakdown of office equipment  

9. Reduction of customer complaints due to logistics  

10. Reduction in expenses due to emergency dispatches/purchases  

11. Reduced manpower  

12. Clean and pleasant work environment. 

Extension of office TPM to suppliers and distributors: 

       This is essential, but only after we have done as much as possible internally. With suppliers it 
will lead to on-time delivery, improved 'in-coming' quality and cost reduction. With 
distributors it will lead to accurate demand generation, improved secondary distribution and 
reduction in damages during storage and handling. In any case we will have to teach them 
based on our experience and practice and highlight gaps in the system, which affect both 
sides. In case of some of the larger companies, they have started to support clusters of 
suppliers. 

4.10.8. PILLAR 8 - SAFETY, HEALTH AND ENVIRONMENT:  

Target:  

1. Zero accident,  

2. Zero health damage  

3. Zero fires.  

In this area focus is on to create a safe workplace and a surrounding area that is not damaged by our 
process or procedures. This pillar will play an active role in each of the other pillars on a regular basis.  

A committee is constituted for this pillar, which comprises representative of officers as well as workers. 

Senior vice President (Technical), heads the committee. Utmost importance to Safety is given in the 

plant. Manager (Safety) is looking after functions related to safety. To create awareness among 

employees various competitions like safety slogans, Quiz, Drama, Posters, etc. related to safety can be 
organized at regular intervals. 
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4.11. Difficulties faced in TPM implementation:  

One of the difficulties in implementing TPM as a methodology is that it takes a considerable number 

of years. The time taken depends on the size of the organization. There is no quick way for 

implementing TPM. This is contradictory to the traditional management improvement strategies. 
Following are the other difficulties faced in TPM implementation. 

• Typically people show strong resistance to change.  

• Many people treat it just another “Program of the month ” without paying any focus and also doubt 
about the effectiveness.  

• Not sufficient resources (people, money, time, etc.) and assistance provided  

• Insufficient understanding of the methodology and philosophy by middle management  

• TPM is not a “quick fix ” approach, it involve cultural change to the ways we do things  

• Departmental barrier existing within Business Unit  

• Many people considered TPM activities as additional work/threat. 

 

4.12. Productivity circle 

The Productivity Improvement Circles or PIC concept is relatively new concept 

In the Philippines, it is an adaptation of the highly acclaimed Japanese Quality Control Circles 

or QCC concept. Introduced in 1980, renamed and modified later by the Academy’s Productivity 

& Development Center (PDC), this concept has always been promoted as one the basic tools 

towards enhancing productivity. 

A Productivity Improvement Circle (PIC) is a small group of workers from the same workshop 

to participate in self/ mutual development and problem-solving activities that would help 

increase company productivity. 

Maintenance is undertaken to preserve the proper functioning of a physical system so that it will continue 

to do what it was designated to do. Its function and performance characteristics not only take account of 

output, unit cost and effectiveness of using energy, but also such factors as end product quality, process 

control, comfort enhancement and protection of the employed personnel, compliance with environment 

protection regulations, structural integrity and even physical appearance of the productive system. 

Maintenance is often wrongly regarded as a cost centre, since the costs are visible, while the benefits are 

difficult to estimate. 

 
 

 4.12.1. DEFINITION  

Quality Circle is a small group of 6 to 12 employee doing similar work who voluntarily meet together on a 

regular basis to identify improvements in their respective work areas. 

 

 



Maintenance Engineering & Management (Module -4) 
 

18 
 

 4.12.2. PHIILOSOPHY  

Quality Circle is a people – building philosophy, which provides self-motivation and improves work 

environment. It represents a philosophy of managing people specially those at the grass root level. 

 

 4.12.3. CONCEPT  
The concept of Quality Circle is primarily based upon recognition of value of the worker as a human being, as someone 

who willingly put efforts to improve the job, his wisdom, intelligence, experience, attitude and feelings. 

 

 4.12.4. OBJECTIVE  
The objectives of Quality Circles are multi-faced – Change in attitude; self-development; development of team spirit, 

improvement in organizational culture. 

 

 4.12.5. ORGANISATIONAL STRUCTURE 

 
                                         Fig-4.5 

 4.12.6. LAUNCHING  QUALITY CIRCLES  

The launching of Quality Circles involves the following steps:  

• Expose middle level executives to the concept.  

• Explain the concept to the employees and invite them to volunteer as members of Quality Circles.  

• Nominate senior officers as facilitators.  

• Form a steering committee.  

• Arrange trainings  

• A meeting should be fixed preferably one hour a week for the Quality Circle to meet.  

• Formally inaugurate the circle.  

• Arrange necessary facilities for the Quality Circle meeting and its operation.  

4.12.7. TRAINING  

Appropriate training for different sections of employees needs to be imparted. 
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4.12.8. PROCESS OF OPERATION  
Figure 2 exhibits the operation of quality circles: 

 
             Fig.- 4.6 

 

4.12.9. CHARACTERS OF QC  

• Circle membership: It is more or less homogeneous group of people usually from the same work areas. 

However, whenever required experts may be invited for guidance or advice.  

• Circle size: Usually a group of 6 to 12 members seems quite effective; however, it depends upon the 

people employed in a particular section.  

-Voluntary participation: The main objective of QC is attendance and participation in meetings voluntarily 

without any compulsion.  

• QC meetings: An hour’s duration is usually quite adequate for a meeting. Whatever may be the frequency, 

regular meetings should be ensured.  



Maintenance Engineering & Management (Module -4) 
 

20 
 

• Autonomy: An important ingredient of a QC is the sense of autonomy experienced by its members.  

4.12.10. PHASES IN QC DEVELOPMENT  

Once a QC is formed, it has to pass through the following distinct phases of development:  

• Problem to be identified analyzed and solved.  

• Solutions to be implemented in due time.  

• Monitoring to be carried out.  

• Higher management to encourage QCs to innovate Problem solving methods.  

 

4.12.11. BASIC PROBLEM SOLVING TECHNIQUES  

The following techniques are most commonly used to analyze and solve work related problems.  

• Brain storming.  

• Pareto Diagrams.  

• Ishikawa diagram (Fishbone diagram).  

• Cause & Effect Analysis.  

• Data Collection.  

• Data Analysis.  

 

The tools used for data analysis are:  

• Tables.  

• Bar Charts.  

• Histograms.  

• Circle graphs.  

• Line graphs.  

• Scatter grams.  

• Control Charts.  

 

4.12.12. CAUSES FOR FAILURE OF QC  

Some of the common causes for failure are:  

• Low morale of employees due to autocratic management and lack of trust.  

• Lack of training.  

• Incompetent leadership.  

• Lack of management support.  

 

Quality circle concept succeeded in Japan, South Korea and a few other Asian countries, but it was a 

different kind of experience in Europe and USA. In Europe and USA, it became very popular from middle 

of 70s to middle of 80s, and subsequently, started its journey of declining from there onwards. The reasons 

can be attributed to:  

• In Japan, it was mainly considered as a development process of grass-root employees, and organizational 

improvement was given secondary importance, where as in Europe and USA, the focus was given to 

organizational improvement and no proper attention was paid to improvement of people.  

• Work associated to QC is totally carried out as an internal process in Japan, whereas in Europe and USA, 

it was left to the external consulting agency. In India too, these reasons are equally valid and applicable. 
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4.13. MAINTENANCE PERFORMANCE EVALUATION  

1. INTRODUCTION:  
1.1 Maintenance performance evaluation is an essential step to effect improvement in the maintenance 

planning, organizing and control.  

1.2 The evaluation can be made on the following factors:-  

1. Plant Availability  

2. Cost of Maintenance  

3. Effectiveness of Maintenance Planning  

4. Frequency of break downs/MTTF  

5. MTTR/Mean Time to Repair  

6. MWT/Mean Waiting Time  

 

2. ANALYSIS OF PLANT AVAILABILITY:  
This is essentiality to know the overall effectiveness of the maintenance. In most of capital intensive 

industries, the plant availability is the most important factor as low availability means heavy down-

time losses. Hence the achievement of maintenance objectives are to be reflected by the plant 

availability achieved.  

Plant Availability can be plant-wise or major equipment wise to draw the attention of higher levels of 

management for maintenance decision making.  

                                Total Available Hours - Total Down-time  

Plant Availability = -------------------------------------------------  

                                          Total Available Hours  

Where,  

Total Available Hours = Working days x Hours per day x No. of machines.  

3. ANALYSIS OF COST OF MAINTENANCE:  
This analysis is helpful to assess the cost effectiveness of the maintenance system. This also helps in 

maintenance budgeting and cost control. Cost of maintenance as a ratio of the value of plant and 

equipment measured year to basis will bring out the facts whether cost control measures are required 

to be undertaken immediately or not. Such an analysis equipment wise will indicate whether the 

equipment can be replaced by a new/another equipment.  

4. ANALYSIS OF EFFECTIVENESS OF PLANNING:  
The effectiveness of planning is assessed by the following rations:  

                                          Labour Hours on Scheduled Maintenance  

                                                 -------------------------------------  

                                             Total Labour Hours on Maintenance 

or  

                                    Total Down Time due to scheduled Maintenance  

                                                 ---------------------------------------------  

                                               Total Down Time due to Maintenance  

Higher the above ratio more effective is maintenance planning. But at the same time plant availability 

also should have been improved.  

5. FREQUENCY OF BREAK-DOWNS/MTTF:  
Frequency of breakdowns of mean time of failure reflects on the plant condition. Increase in the 

frequency of break will help the management identify the causes of the failures and take remedial 

measures to reduce the frequency of such failure. This is termed as design-out maintenance. This 

analysis, year to year basis, will indicate the effectiveness of design out maintenance action.  
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6. ANALYSIS OF MEAN TIME TO REPAIR (MTTR):  
Mean Time To Repair or MTTR reflects on the improvements in design & modification of plant by 

which the time required an equipment is reduced. This also will indicate efficiency or the skill of the 

people who carry out the repair jobs. MTTR is computed as follows:  

                    Total Repair Time in Hours  

                        --------------------------  

                        No. of break-downs  

7. ANALYSIS OF MEAN WAITING TIME (MWT):  
Mean Waiting Time is part of the down time indicating the mean down-time lost in waiting for 

materials or labour for attending to a break down. Mean waiting Time is the ratio of Total Machine 

Hours lost due to waiting for materials or labour to the total number of breakdowns.  

Increased MWT will help the management in identifying the areas for improvement such as organizing 

of trade force or improving the stores systems & procedures or improving the spare part control 

systems.  

8. PRIEL'S INDICES OF MAINTENANCE EFFECTIVENESS:  
So far, we have discussed only the important factors for maintenance performance evaluation. 

However, a comprehensive list of indices for Maintenance Effectiveness suggested by Priel given in 

the Annexure-1 for reference.  

9. CONCLUSION:  

Though there are many factors suggested as a tool for maintenance performance evaluation, it is very 
essential to choose only such factors which are quite relevant, easy to generate necessary data and 
easy to interpret the results and monitor the maintenance, planning, organizing and control activities. 
ANNEXURE-1.PRIEL'S INDICES OF MAINTENANCE EFFECTIVENESS  

GROUP-1 - MAINTENANCE EFFORT (INPUT)  
                                                                     Total man-hours allowed on job  

Manpower:           Manpower efficiency = -------------------------------  

                                                                     Total man-hours worked on same jobs  

                                                                       Total man-hours on bonus  

                                    Incentive coverage = -------------------------  

                                                                      Total direct man-hours available for jobs  

                                                                      Total direct craft hours applied  

                          Craft/ Worker Utilization = -----------------------------------  

                                                                      Total hours clocked all crafts  

                                                                       No. of jobs one week overdue  

                                            Overdue tasks = -----------------------------------  

                                                                       No. of jobs completed in same period  

                                                                       No. of jobs completed in period  

Economy:                Work-order turnover = -----------------------------------  

                                                                       No. of jobs on hand at present  

                                                                      

                                                                     Total cost of (direct + indirect)  

                                                                       Maintenance  

                                    Cost of main hours = -----------------------------------  

                                                                       Total direct maintenance hours applied  

                                                                       Total cost of repairs  

                             Breakdown repairs cost = -----------------------------------  

                                                                       Total cost of direct maintenance  
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Service                                                               Total direct hours on scheduled service  

Operation:                  Degree of scheduling = ----------------------------------------------  

                                                                               Total direct hours available  

                                                                           No. of hours spent on breakdown repairs  

                                Breakdown repair hours = ------------------------------------------------  

                                                                            Total direct production hours same period 

                                                                            Total direct maintenance hours applied  

Maintenance                  Maintenance hours = -------------------------------------------------  

Intensity:                                          applied      Total direct production hours same period  

                                                                             

                                                                           Total direct maintenance hours applied  

                                    Maintenance ratio for = -------------------------------------  

                                                     investment     Total plant investment to date  

                                                                            

                                                                            Total maintenance cost for applied  

                                          Maintenance cost = -------------------------------------  

                                                      component     Total Production cost for same period  

                                                                             Total cost of scheduled service  

Service                      Scheduled service cost = -------------------------------------  

Cost :                                                                   Total production cost for same period  

                                                                             Total cost of breakdown repair  

                                      Breakdown severity = ------------------------------------  

                                                                             Total No. of breakdowns  

GROUP-2 - MAINTENANCE EFFECTS (OUTPUTS)  
                                                                             No. of maintenance breakdown  

Plant                            Breakdown frequency = -------------------------------------  

Condition:                                                           Total No. of breakdown  

                                                                            Estimate of plant condition from  

                                     Visual and descriptive = -------------------------------------  

                                                                            Production supervisory personnel  

                                                                               Total running time in hours  

                                         Machine utilization = -------------------------------------  

                                                                                      Total shift hours  

                                                                                Total production output in hours  

Plant                        Length of running period = ---------------------------------------  

Performance:                                                        No. of repairs in the same period 
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