Unit 16 

Management of Facilities and Equipment
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Unit summary
Managing facilities and equipment involves carrying out regular inspections, dealing with any problems and making sure they do not happen again, deciding which forms of maintenance to use, and keeping records of maintenance:

16.1 Keep the workplace neat and clean
The first step in maintaining facilities and equipment is to keep the workplace neat and clean. Defects are much more likely to occur where these principles are not adhered to - when, for example, oil or water is spilled, papers are scattered, tools are left lying around, or dust is allowed to gather.
16.2 Follow the user manual

It is important that machine operators understand the functions of facilities and equipment and can use them properly. Use the user manual to train them in the operation procedures so that they will not cause abnormalities or failures. 

16.3 Carry out daily and periodic inspections
Facilities and equipment deteriorate with use. Inspect important facilities, equipment, machines and parts each day for abnormalities and failures, both at the start of operations, and during operations. Carry out periodic inspections at longer intervals – in these, operation may be suspended and the machine disassembled.

16.4 Deal with abnormalities

An abnormality is anything that is not as it should be. You should have a procedure in place for dealing with abnormalities whenever they are detected: report them, process them, and report the processing.

16.5 Deal with failures

A failure is when the facility or equipment ceases to function, either partly or completely. When a failure occurs it is important to get operations as quickly as possible. The three steps are: find where the failure emerged, investigate the causes, and process the failure. 

16.6 Manage periodic repairs


Periodic maintenance, whether daily or at longer intervals, will often show where repairs are needed. These repairs, which you should do at a minimum cost, will reduce the deterioration of facilities and equipment and prolong their life. Draft and schedule repair plans, assign personnel and allocate materials, and manage the progress of the repairs.
16.7 Manage the procurement of repair parts and materials


Periodic repairs require the suspension of facilities and equipment. The longer the repairs take the greater the losses. One factor that can cause delays is not having the repair parts in stock. Place orders well in advance and maintain appropriate inventory levels. 

16.8 Prioritise maintenance of principal facilities and equipment 

To achieve optimal maintenance, base the kind of maintenance you choose to do on the importance of the particular facility or equipment. To decide which are most important consider: 

a. The effects of a failure on safety, the environment, product quality, and loss of production. 

b. The frequency of failure.
c. The cost of repairs and recovery.
16.9 The different forms of maintenance


Maintenance is a general term for activities like inspection, adjusting parts, replacing material, and carrying out repairs. There are a several different forms of maintenance.
16.10 Decide what form of maintenance to use

The decision about the style and frequency of the maintenance you will use can be a complicated one. Normally your choice will be between periodic maintenance, condition-based maintenance, and breakdown maintenance.
16.11 Condition-based maintenance


Carry out condition-based maintenance to continuously monitor your more complex facilities and equipment, especially those where failure could lead to large production losses. This will enable you to detect at a early stage any signs of deterioration or any incidents that could lead to failure.
16.12 Breakdown Maintenance
However good your management may be, there will always be accidental failures. As well as that, there are also some facilities and equipment that are so difficult and expensive to inspect that it is best to leave repairs until a failure actually occurs. When a failure does occur, repairs must be carried out immediately to minimize production losses. This is breakdown maintenance. 

16.13 Recurrence prevention

When you have removed the results of an abnormality or failure - usually by getting the machinery operating again - you need to investigate the causes and take recurrence prevention measures to prevent them happening again..

16.14 Keep maintenance records
Keep a record of maintenance activities and analyze them. There are two main categories of records that you should keep: records of the results of your maintenance activities, and records of the appraisal of your maintenance activities.
16.15 Consider maintenance costs before purchasing new facilities and equipment


Maintenance costs are a key factor to consider when you are buying facilities and equipment. Even if the purchase cost is low, facilities and equipment can end up being expensive if their maintenance and repair costs are high. Take into account their reliability - how likely they are to have failures, and their maintainability - how easy they are to maintain, and then assess the total life-cycle costs.

16.16 Total preventive maintenance
Total preventive maintenance means that everyone is involved in maintenance activities. Establish a comprehensive maintenance system that covers the entire lifespan of facilities and equipment, and get everyone, from CEOs to frontline workers, to participate.
Learning tools

The RADAR questions

As you read each text you will discuss how it could be applied in your company. The RADAR questions will help you to focus this discussion: 

R- Are these ideas relevant to my company?

A- How would I apply each of them in my company?

D- What difficulties might I meet and how would I overcome them?

A- Are there any additional actions that I might take that are not mentioned in the text?

R- What resources would be needed, what would these cost, and how could they be acquired?

There will of course be some discussion point where not all of these questions will be applicable.

The 6-Point Structure

After you have discussed the ideas in the text, you write an action plan in which you present practical proposals for implementing the conclusions you have reached in your discussion. The 6-Point structure will help you to write your action plan:

1. Problems: Problems you have in your company in the area you have just discussed.

2. Proposals: Your proposals for improvement.

a. Be specific and concretes.

b. Include an implementation plan, with a time schedule and minimum and optimal implementation Targets.

c. Refer to any forms, charts, tables etc. that you would use, and include samples in an appendix.
3. Obstacles: Obstacles to implementation in employee attitudes, company organization and culture etc., and how these could be overcome.

4. Resources:
a. The resources required: funds, equipment, materials, man-hours, expertise etc.

b. The resources available within the company.

c. Any resources that would have to be found outside the company.

d. Alternative that could be used to cover any shortfall in resources

5. Assessment: Ways of assessing the results of implementing these proposals.

6. Benefits: The benefits your proposals would bring.

16.1 Keep the workplace neat and clean

Introduction
1. The first step in maintaining facilities and equipment is to keep the workplace neat and clean. In Japan this is referred to as the 3 S, the principles of seiri, seiton and seiso. - orderliness, neatness and cleanliness respectively. Defects are much more likely to occur where these principles are not adhered to - when, for example, oil or water is spilled, papers are scattered, tools are left lying around, unnecessary objects are left in the workplace, or dust is allowed to gather. Some of these, spilled water and oil for example, can also be dangerous. The 3 S should be promoted to provide a safe, comfortable and pleasant working environment.
The 3‑S House‑Keeping Campaign
2. One way of putting these principles into practice is the 3-S Housekeeping Campaign. Underlying this campaign is the concept of employees looking after their own facilities and equipment. To do this they should regularly check the condition of facilities and equipment, using a check sheet with pre-determined check points. These check points (also referred to as inspection points or items) will be ones that they themselves have already determined, and will cover all the places, tasks, machinery and equipment in their charge.

Figure 16.a 3‑S Check Points:

	The 3-S
	Action
	Check points/inspection items 

	Seiri (orderliness)

	Separate necessary and unnecessary items and dispose of the latter.

	1.Have any unnecessary items been disposed off? 

2.Have any objects been left in the passageways? 

3. Have tools been neatly arranged?

	Seiton (neatness)

	Store necessary items in their designated place so that they can be easily found.
	1. Has the storage method been decided on? 

2. Have storage locations for items been determined on? 

3. Can necessary items be accessed quickly? etc.

	Seiso (cleanliness)
	Remove dirt and rubbish from the workplace.
	1. Are work places free of garbage? 

2. Have facilities and equipment been dusted? 

3. Are floors etc. clean? 


3. To make the campaign as effective as possible:

a. Hang slogans like ‘Keep the workplace neat and tidy’ and ‘Keep the workplace beautiful’ on the walls of workplaces.
b. Give recognition to workers who follow these principles.

(See Text 16.3 for more details about check sheets.

Note: seiri, seiton and seiso are the first three of 5-S – (see also Text 6.2 and 8.3.7)
DISCUSSION

The following questions ask you to think about how the ideas in the text could be applied in your company. Some of these ideas may not be relevant to you. Concentrate on those that are relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any examples referred to in the text, if you feel these are relevant to your company.

a. Parag. 1: How would you describe your workplace in terms of seiri, seiton and seiso? To what extent could the lack of orderliness, neatness and cleanliness of your workplace a cause of defects? Give one or two examples.

b. Parag. 2: Apply the RADAR questions to the idea of running a 3-S Housekeeping Campaign in your workplace. Give an example of some checkpoints that you would use.

c. Parag. 3: How would your employees respond to the idea of hanging slogans in your workplace. What additional or alternative ideas could you use?

ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured plan for your company. Alternatively you may choose to prepare one action plan when you have discussed several texts. You might like to follow the 6-Point Structure.
16.2 Follow the user manual
1. It is important that machine operators understand the functions of facilities and equipment and can use them properly. Use the user manual to train them in the operation procedures so that they will not cause abnormalities or failures. (An abnormality is anything that is not as it should be; a failure is when the facility or equipment cease to function.)

2. The user manual (also referred to as the operation manual, or the machine operation procedure) prescribes the operation procedure for facilities and equipment, the tools and materials that are to be used, the handling methods, and any operational points that need special care.
3. The user manual should include:

a. The main characteristics of the facilities or equipment and an explanation of technical terms.
b. The functions, tools, and parts, and their names.
c. How to install and assemble the facilities or equipment.
d. Methods for making adjustments:

i. Setting initial values, e.g. printing speed.

e. Preparing to begin operation.
f. The operation procedure, for example:
i. Press the on‑line switch.
ii. Confirm that the lamp is lit.

g. Any abnormalities that can emerge when the equipment is installed, and during trial operation, and the countermeasures that are to be taken, for example

i. The printer does not turn on ‑> the power adaptor is disconnected.

ii. The printer does not print ‑> Cables are not connected.

Figure 16.2a
[image: image1.png]



h. Abnormalities that can emerge: 

i. Papers get jammed - the wrong type of paper is being used.

ii. Black spots appear on printed pages - the cartridge needs to be replaced.

i. List of specifications.

DISCUSSION

The following questions ask you to think about how the ideas in the text could be applied in your company. Some of these ideas may not be relevant to you. Concentrate on those that are relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any examples referred to in the text, if you feel these are relevant to your company.

a. Parags. 1 and 2: Do you feel that your machine operators can use the facilities and equipment properly? Are your user manuals adequate? Where do you feel there is room for improvement?

b. Parag. 3 lists some of the most important items that should be included in the user manuals. Which of these do you already have? What points would you take from this list? Are there any other points that you would now want to include in your manual?

ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured action plan for introducing improvement in your company. You might like to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan when you have discussed several texts.
16.3 Carry out daily and periodic inspections
Introduction

1. Facilities and equipment deteriorate with use. Inspect important facilities, equipment, machines and parts each day for abnormalities and failures, both at the start of operations, and during operations. Carry out periodic inspections at longer intervals - in these, operation may be suspended and the machine disassembled.
Inspection procedure
2. Follow these inspection procedure:
a. Operators familiar with the facilities and equipment conduct normal daily inspections, while work site patrols from the maintenance section conduct specialized inspections.
b. Use a check sheet on which the inspection items and methods have been written in advance. Choose inspection items primarily on how they relate to product quality. They will typically include:

i. Mechanical looseness caused by vibrations.
ii. Blockages and stoppages caused by dust or garbage.
iii. The presence of foreign objects.
iv. Oil leakage and scattering.
v. Damage to wires. 
c. Base inspection methods primarily on the five senses (sight, touch, hearing, taste and smell). Inspect the fumes, sounds, smells, and vibrations that the machines generate during operation, and note also how easy they are to operate. Those that are monitored with measuring devices, like oil pressure gauges, should be inspected every day. Be creative in finding ways to identify abnormalities more easily and more accurately, especially when you are inspecting by sight. Rules will of course differ according to the item and the objective – the kind of abnormality you are looking for. What is important is that they allow everyone to identify abnormalities, and correct them at once.
d. Report inspection results: Enter details of the inspection on the check sheet and get the manager or supervisor to confirm them.
e. Process any abnormalities that are found according to the "Rules for processing abnormalities". (See Text 16.4)

Figure 16.3a Sample check sheet 

	
	Sections
	Inspection areas
	Inspection Items 
	Inspection Methods
	Inspection results

	1.

2.

3.

4. 
	Driving gear

Driving gear

Driving gear

Driving gear
	Motor

Motor

Agitator

Stopper
	Are tightening bolts loose?

Are there any stains from oils or powders?

Are shafts loose?

Does it stop at the right position?
	Inspect by sight and touch.

Inspect by sight.

Inspect by sight and touch.

Inspect by sight.
	


DISCUSSION

The following questions ask you to reflect on your company’s daily and periodic inspections, and how the ideas in the text could help to improve them. Where appropriate ask yourself the RADAR questions.
Note: Always include in your discussion any tables or charts referred to in the text.

a. Parag. 1: How frequently do you carry out inspections of your important facilities and equipment? Do you think this is often enough? What do you include in these inspections? Is there anything else that you feel ought to be included? 

b. Parag. 2: Who normally carries out your inspections? Would it be a good idea to change this?

c. Parag. 2. What are some typical inspections items that you use? How do you inspect them?

d. Parag. 2: How could you make it easier to identify abnormalities in your processes? After looking at these examples, can you think of any other ways that would make it easier to spot them?

e. Apply the RADAR questions to this procedure in this text.
ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured action plan for introducing improvement in your company. You might like to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan when you have discussed several texts.
16.4 Deal with abnormalities

1. An abnormality is anything that is not as it should be. You should have a procedure in place for dealing with abnormalities whenever they are detected. This procedure will include:

a. Report the abnormalities.

b. Process them.

c. Report the processing.

2. Abnormalities may be classified into those which occur a) occasionally b) regularly and c) repeatedly and chronically. Many abnormalities are to do with temperature, pressure and general operations. These are typically caused by liquid and powder leakages, the spilling of gas and the release of vapour, and by soiling and blockage caused by garbage and dust.

3. Abnormalities may be detected by the senses in doors, sound, and vibrations. In statistics-based inspections, they will take the form of significant deviations in value where the cause of the deviation is unknown – when conditions are uniform, when items are measured quantitatively and when process conditions are clearly understood.
(See Unit 9 for detailed guidelines on dealing with abnormalities.)

Write an abnormality report

4. Include the following in the abnormality report:

a. Names of the section or parts of the facility or equipment.

b. The type of abnormality.

c. The normal conditions - when operations are carried out correctly.

d. Possible causes.

e. Methods for processing the abnormality.

Take action at once against any abnormalities that can be dealt with easily, for example by supplying oil.

Process the abnormalities
5. If the cause of abnormality cannot be found, get approval from the manager or supervisor to suspend the operation, and disassemble and inspect the facilities or equipment. When a precision inspection of the disassembled equipment shows the causes, take immediate measures to eliminate them.

Write a report on the processing of the abnormality
6. Write a report of the procedure taken to process the abnormality and submit it to the appropriate people for their confirmation. Then revise the standards if any change is needed in the normal operation.

Permanent measures

7. Sometime the actions taken are only short-term emergency measures. If it is necessary to consider more permanent changes, hold discussions with managers or supervisors, operators, those in charge of maintenance, and technical staff, and use data and statistical methods like histograms, scatter diagrams, and cause and effect diagrams (See Seven QC Tools, in Text 16.16). These discussions may take place at the regular morning meetings or at meetings held specifically for this purpose.

DISCUSSION

The following questions ask you to think about how the ideas in the text could be applied in your company. Some of these ideas may not be relevant to you. Concentrate on those that are relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any examples referred to in the text, if you feel these are relevant to your company.
a. Parag. 1: Do you have a procedure in place for dealing with abnormalities? How effective is it? 

b. Parag. 2: Give examples of some typical abnormalities in your processes. How are they usually detected? 

c. Parags. 2 and 3: How would you fit them into these classifications? What are their typical causes?

d. Parag. 4: Would you include all of these items in your abnormality report? Would you add any others? Give some brief examples of what you would put in an abnormality report under each of your items.

e. Parags. 5: How often do you have to disassemble facilities and equipment to find the cause of an abnormality? Give a typical example.

f. Parags. 6 and 7: Apply the RADAR questions to these suggestions.

ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured action plan for introducing improvement in your company. You might like to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan when you have discussed several texts.
16.5 Deal with failures
1. A failure is when the facility or equipment ceases to function, either partly or completely. When a failure occurs it is important to get operations started again as quickly as possible. The three steps are: find where the failure emerged, investigate the causes, and process the failure. 
2. Failures can be classified under: 

a. The type of failure: early in the life of the equipment, accidental, or due to abrasion or degradation.
b. The cause: single cause failures or multiple cause failures. 

c. The degree of loss of function: partial failure or complete failure.

d. The seriousness of the failure: failures that caused death or injury, serious failures, minor failures. (This includes latent failures that have not yet emerged, and manifest failures that have emerged.)
Preliminary failure reports by operators
3. When a failure occurs, the operators should complete a preliminary report, giving the facilities or equipment that caused the failure, the date, the type of failure, and an outline of what happened.

Analysis of failures
4. The maintenance department should use these preliminary reports to inspect the failure. They should:

a. Detect the failed sections.

b. Assess the failure.

c. Classify the failure. 

d. Investigate the cause.

Processing methods
5. Use these processing methods:

a. When there are minor failures, carry out repairs and replace parts on the spot.

b. When there are serious failures, conduct precision inspection to determine the causes, and implement appropriate countermeasures.

c. After serious failures, if recovery will take a long time, examine the feasibility of emergency countermeasures or repairs, and implement them wherever possible.
Processing report

6. To prepare and maintain processing reports:
a. Report the causes of failures, the countermeasures taken, the date of their implementation and those responsible for them, production-suspension periods, repair costs, the date of finalizing countermeasures, those who examined countermeasures and actions to be taken in the future.

b. Store reports as reference materials for future examination.

Permanent countermeasures
7. Often the first actions taken will be only emergency countermeasures. Take permanent countermeasures later to prevent recurrence (recurrence prevention measures), and improve the structures of the facility and equipment as well as the operational and maintenance methods. 

DISCUSSION

The following questions ask you to reflect on your company’s procedure for processing failures, and how the ideas in the text could help to improve it. Some of these ideas may not be relevant to you. Concentrate on those that are relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any examples referred to in the text, if you feel these are relevant to your company.

a. Parag. 1: Does it usually take long to get your facilities and equipment back into operation after a failure? Do you think it could be quicker? If so, how?

b. Parag. 2: How can a typical failures in your company fit into this classification?

c. Parag. 3: Do you get your operators to submit preliminary failure reports? If yes, how useful are they? If not, how would they be helpful?

d. Parag. 4: Apply the RADAR questions to using this approach to analyzing failures in your company.

e. Parag. 5: Apply the RADAR questions to using these processing methods.

f. Parag. 6: Would you include all of these points in your processing report? Are there any additional points that you would add? 

g. Parag. 7: Give some examples of recurrence prevention measures that you have taken or would now take. What steps have you taken to improve structures, or what steps can you think of that ought to be taken in relation to one or two typical failures?

ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured action plan for introducing improvement in your company. You might like to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan when you have discussed several texts.

16.6 Manage periodic repairs 

Introduction
1. Periodic maintenance, whether daily or at longer intervals, will often show where repairs are needed. These repairs, which you should do at a minimum cost, will reduce the deterioration of facilities and equipment and prolong their life. You should:

a. Draft and schedule repair plans, and assign personnel and allocate materials. 

b. Manage the progress of repairs.

2. The PERT method is often used to manage periodic repair work. PERT is an abbreviation for "program evaluation and review technique." It is a schedule management method for large-scale repair plans and complex repair work. It presents the sequence of repair processes in the form of a network and creates a repair work schedule on the basis of the time required and the costs, e.g. the number of employees.
Draft and schedule repair plans
3. To draft repair plans and assign personnel and materials:
a. Identify job activities: Confirm the contents of the job, and estimate the man-days (numbers of days x the number of employees) and the amount of materials required.
b. Prepare a job network: Present the number of job activities and their relationship to each other in the form of a network. Show the points at which jobs can be started and concluded and arrange them in sequence. Jobs that can be performed simultaneously should be set parallel to each other. 

c. Estimate the work schedule: Enter the time required for each job on the network, and make a final estimate of how long it will take to complete all the work. Identify the successive groups of jobs that will make up this final estimate of the completion period. These are known as critical paths. At this point, set up the network according to a time scale. Distinguish jobs that will take time from those that must be performed quickly. Make a total of the job loads (the numbers of workers needed and the material). Put all the different job loads on the time-scale network. This may show a very biased distribution of job loads.
d. Shorten the work schedule: Review the number of employees assigned to perform each job and the time allowed. Attempt to shorten the job schedule by changing the number of those employed on critical paths. Make changes to less urgent jobs first. It should be possible to shorten the schedule in this manner. 

e. Draft the work schedule: Prepare the final schedule through this trial and error process.

Manage the carrying out of repairs.
4. Pay attention to job groups on critical paths during repairs. If the job is likely to take a longer period of time than originally scheduled, something must be done. Consider relocating employees and materials from non‑critical jobs, or assigning additional employees. But keep personnel and material costs in mind, and the losses that can result from a delay in completing repairs.

Figure 16.6a PERT – Programme Evaluation and Review Technique
[image: image2.emf]
DISCUSSION

The following questions ask you to reflect on how your company manages its periodic repairs, and how the ideas in the text could help to improve this. Some of these ideas may not be relevant to you. Concentrate on those that are relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any examples referred to in the text, if you feel these are relevant to your company.

a. How effectively does your company manage its periodic repairs? Where would you say there is room for improvement?

b. Parags. 2 and 3: Use the PERT method to draft a sample set of repair plans for one of your facilities or pieces of equipment. If you do not have all the information immediately at hand while working on this exercise make your best guess. Be as concrete and specific as you can.

c. Apply the RADAR questions to using the PERT method in your company.

ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured action plan for introducing improvement in your company. You might like to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan when you have discussed several texts.

16.7 Manage the procurement of repair parts and materials
1. Periodic repairs require the suspension of facilities and equipment. The longer the repairs take the greater the losses. One factor that can cause delays is not having the repair parts in stock. You should place orders well in advance and maintain appropriate inventory levels. To manage this efficiently:
a. Decide what repairs you are going to carry out.
b. Place orders for materials and repair parts.

c. Prepare ledgers and slips.

d. Choose a purchasing order system.

Decide what repairs you are going to carry out.

2. Select the machines, tools and parts that you are going to repair or replace on the basis of their level of deterioration and according to your overall repair schedule. Establish priorities among these, since the money available for repairs and replacements is limited. Give higher priority to:

a. Those required in management inspection procedures or where inspection is required by law.

b. Those that require preferential treatment because of:

i. The failure rate.

ii. The size of production loss in the event of a failure.

iii. Repair cost in the event of a failure.

Use this concept of priority: Priority = Production Loss x Failure Emergence Ratio X Repair Cost. When you have decided which repairs to carry out, prepare a repair work schedule.

Figure 16.7a Estimation of parts-replacement period based on service-life estimate

[image: image3.emf]
Figure 12.6 Repair work schedule
[image: image4.emf]
Place orders and arrange for repair parts.
3. Decide when to order parts and materials, keeping in mind when parts need to be replaced, and the time required for procuring them.

Figure 16.7c List of parts used in repair work.

	Repair case name
	Product name
	Type
	Work
	Quantity & Unit
	Amount
	Next scheduled repairs

	Replacement of B in Facility A
	Bearing
	UCP206
	Replacement
	10,000 Units
	$1000
	April6th 2005


Figure 16.7d List of arrived orders

	Repair case name
	Next scheduled repairs
	Product name
	Type
	Quantity & Unit
	Amount
	Next scheduled repairs

	Replacement of B in Facility A
	Sept 5th 2005
	Bearing

Bolt
	UCP206

3/4-10
	10,000 

20,000
	$1000

$1500
	April6th 2005

April 6th 2005


Prepare ledgers and slips
4. Prepare a number of books and slips for supply and demand management, and inventory of maintenance materials, the control of fixed assets, and the management of unused goods. Examples of these include: fixed asset ledger; stock registration ledger; warehousing, stocktaking and inventory quantity; and list of materials scheduled for use.

Choose a purchasing order system
5. You can select one of two methods to order parts and materials: the mixed period ordering method or the fixed quantity ordering method. You choice will depend on how often you use the parts and materials, and the time required for their procurement:

Fixed Period Ordering Method: fix the ordering interval in advance, and determine the order quantity each time according to the current inventory levels and the quantity required. Keep in mind the time needed for procurement as well as the time until the next order, and add on a safety margin.
Fixed Quantity Ordering Method (re-ordering point method): Do not fix ordering intervals in advance. Order a prescribed number of units or a fixed quantity (cost-effective ordering quantity) when the inventory falls to a certain level - the re-ordering point. The re-ordering point is where you have the quantity needed for the time that it will take to procure more, plus enough for a safety margin. Cost-effective ordering quantity is amount that minimizes storage and ordering costs for a fixed period.

Figure 16.7e Fixed period ordering method 
[image: image5.emf]
Figure 16.7f Fixed quantity ordering method
[image: image6.emf]
DISCUSSION

The following questions ask you to reflect on your company’s management system for repair parts and materials, and how the ideas in the text could help to improve this. Some of these ideas may not be relevant to you. Concentrate on those that are relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any examples referred to in the text, if you feel these are relevant to your company.

a. Parag. 1: How does your company manage the procurement of parts and materials for repairs? What problems have been experienced? Where do you think improvements are needed? 

b. Parag. 2: How valid do you think these criteria are for your company? How appropriate do you think the prioritization formula is?

c. Parag. 2: Select some of your machines, tools and parts, and prioritize them according to the criteria given here. Then draw up a repair work schedule like the one in Figure 16.7b.  
d. Parag. 3: What factors do you take into account when ordering repair parts? Give concrete examples. Would you use forms like these to list parts and arrived orders?

e. Parag. 4: Which of these books and slips do you already use? How would you prepare those that you do not have?

f. Parag. 5: Do you already use these ordering systems? If so, how effectively do you feel you use them? What improvements could you make? If you do not use them apply the RADAR questions to the idea of using them.

ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured action plan for introducing improvement in your company. You might like to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan when you have discussed several texts.

16.8 Prioritise maintenance of principal facilities and equipment

1. To achieve optimal maintenance, base the kind of maintenance you choose to do on the importance of the particular facility or equipment. To decide which are most important consider: 

a. The effects of a failure on safety, the environment, product quality, and loss of production. 

b. The frequency of failure.

c. The cost of repairs and recovery. 

2. The importance of the same facilities and equipment will vary from company to company, according to the production methods and product types. You should therefore determine which facilities and equipment are most important for you. However, you may be able to use these general ranking criteria:

a. Rank A: boilers, turbines etc. that have the most substantial effect.

b. Rank B: rotating machines, reactors, vessels and tanks that have a medium level effect.

c. Rank C: general machines and equipment that have a small effect.

3. Maintenance methods for Rank A: These usually only have a small number of failures, but repair and recovery costs are high. Members of the maintenance section:

a. Carry out daily, prioritized inspection.

b. Use diagnostic technology to examine the facility and equipment conditions (condition-based maintenance).

c. Do periodic repairs and maintenance work.

4. The standards in Figure 16.8a can be used to determine the levels of importance.

Figure 16.8a

	Items for appraisal
	Standards for determining importance levels

	Safety
	Effect of accidents caused by failures.
	Duration of production suspension. 

	Environment
	Effect of failures on the environment.
	Effects both inside and outside the manufacturing plants.

	Quality
	Effect of failures on product quality.
	Effects on users, and on the next process.

	Production
	Effect of production suspension caused by failures.
	Production suspension period, 

	Reliability
	Frequency of failures.
	Times per year

	Maintainability
	Cost of repairs and recovery
	Specific costs


5. Prepare master tables, showing the importance levels, and attach cards to the principal facilities and equipment showing the maintenance methods to be used (for example, inspection frequency and inspection items). This will ensure that nothing is overlooked.

Figure 16.8b Example of standards for appraising the importance of facilities and equipment 

[image: image7.emf]
Figure 16.8c Example of ranking by importance: Ranks should be decided by totalling the importance levels of appraised items.


Ranking of Importance
Total Scores

	Rank A
	15 < Total Score < 20

	Rank B
	10 < Total Score < 14

	Rank C
	 5 < Total Score < 9

	Rank D
	 0 < Total Score < 4


Note: 
In actual practice, optimal maintenance specifications are determined according to changes in environmental conditions, e.g. working conditions and the manufacturing environment. In other words, the importance of facilities and equipment is appraised by weighting environmental conditions.

Figure 16.8d Example of facility and equipment registration: A master table showing the levels of importance of all facilities and equipment.

	Process
	Facility or equipment
	Machine or tool
	Date of Operation launch
	Machine or tool type
	Level of importance
	Manufacturer 
	 Maintenance specifications

	Coarse rolling
	Roller

Roller
	Cylinder

Tool
	May 29th 2003

May 29th 2003
	Axial flow pump

Axial flow pump
	A

A
	SH Machinery

SH Machinery
	CBM

CBM

	
	
	
	
	
	
	
	


DISCUSSION

The following questions ask you to think about your company’s maintenance of its principal facilities and equipment, and how the ideas in the text could help to improve this. Some of these ideas may not be relevant to you. Concentrate on those that are relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any examples referred to in the text, if you feel these are relevant to your company.

a. What approach does your company take to the maintenance of its principal facilities and equipment? Where do you feel there may be a need for improvement? 

b. Parag. 1 presents criteria for deciding on the levels of importance of different facilities and equipment. Would all of these be relevant in your company? Are there any others you would add? Apply them in general terms to the evaluation of the importance of some of your facilities or equipment.

c. Parag. 2: Rank some of your facilities and equipment according to this A, B, C system.

d. Parags 3: Apply the RADAR questions to these suggestions.
e. Parag. 4: How appropriate would these standards be in your company? Give one or two concrete examples of how you would apply them.

f. Parags 5: Apply the RADAR questions to these suggestions.

g. Look carefully at the three examples. If you feel they are relevant to your company, and consider how you could apply or adapt them.

ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured action plan for introducing improvement in your company. You might like to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan when you have discussed several texts.

16.9 The different forms of maintenance
1. Maintenance is a general term for activities like inspection, adjusting parts, replacing material, and carrying out repairs. There are several different forms of maintenance. Maintenance refers in particular to activities aimed at:

a. Preventing deterioration, e.g. oiling, adjusting and cleaning.

b. Identifying and measuring deterioration, e.g. inspecting and testing.

c. Recovering after deterioration, e.g. periodic repairs and post‑failure repairs.

2. There are two styles of maintenance:

a. Preventive maintenance: prevent deterioration and failures emerging. 

b. Breakdown maintenance: quickly restore functions after failures.

Maintenance activities are further classified by the Japanese Industrial Standards (JIS) as Figure 16.9a shows.
Figure 16.9a 
[image: image8.emf]
3. In recent years, corrective maintenance and maintenance prevention have been added to the list under the broader category of productive maintenance. The focus is on preventing failure recurrence, extending facility or equipment life, and shortening repair times. Productive maintenance there fore consists of preventive, breakdown and corrective maintenance, and maintenance prevention.
Figure 16,9b
[image: image9.emf]
4. The maintenance classifications can be defined as follows:

a. Preventive maintenance is based on the examination of facilities and equipment when they are being designed or installed. It is aimed at preventing deterioration and failures from occurring.
b. Planned maintenance incorporates periodic and age-based maintenance as ways of implementing preventive maintenance.
c. Periodic maintenance refers to inspection and repairs at regular intervals.
d. Condition-based maintenance involves constant monitoring of the condition of facilities and equipment. It may also be classified as part of planned maintenance. (See also Text 16.11.)
e. Breakdown maintenance is used to get facilities and equipment functioning again after failures. (See also Text 16.12)
f. Corrective maintenance prevents the recurrence of failures and is based on maintenance activity records.
g. Maintenance prevention – where facilities and equipment are designed to require less maintenance and to have a longer life span.
5. Modernization and the increasing complexity and size of facilities and equipment, have increased the number of unexpected failures in recent years, and their impact on production and quality. Special importance should therefore be given to:

a. Preventive maintenance, especially condition based maintenance.

b. Maintenance prevention.

Figure 16.9c Adaptive Maintenance System flow chart
[image: image10.emf]
DISCUSSION

The following questions ask you to think about your company’s management of maintenance, and how the ideas in the text could help to improve this. Some of these ideas may not be relevant to you. Concentrate on those that are relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any examples or figures referred to in the text, if you feel these are relevant to your company.

a. How effectively does your company manage the maintenance of its equipment? Where do you feel there is room for improvement?

b. Parags. 1: What do you think of these ways of defining equipment maintenance? How appropriate are they for your maintenance activities?

c. Parags. 2, 3 and 4: Look at these different ways of classifying maintenance, and their definitions. Try to relate your own maintenance activities to these classifications.

d. Parag. 5: Are these priorities also true for your company? Discuss in particular the concept of maintenance prevention. 

ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured action plan for introducing improvement in your company. You might like to follow the 6-Point Structure.

16.10 Decide what form of maintenance to use

1. The choice of style and frequency of maintenance can be a complicated one. There are two approaches that you can use to make this decision:

a. The quantitative method.

b. The qualitative method.
2. Normally your choice will be between periodic maintenance, condition-based maintenance, and breakdown maintenance. 

a. Periodic maintenance, with inspections and repairs at regular intervals, is the one that is most often chosen. It is carried out at intervals that suit the different facilities and equipment.

b. Condition-based maintenance - constant monitoring of the condition of facilities and equipment - is usually chosen for facilities and equipment where failures could cause large production losses.

c. Breakdown maintenance - used to get facilities and equipment functioning again after failures -  is usually chosen when maintenance costs are high.

Quantitative method
3. Use this method to select the style and frequency of maintenance that brings the lowest costs, as shown in Figure 16.10a.
Figure 16.10a The relationship between the frequency of maintenance and its overall cost.

[image: image11.emf]Use the following formulae to calculate the total cost of maintenance: 

· Overall maintenance cost = maintenance cost plus loss from failures.

· Maintenance cost = breakdown maintenance cost times the frequency of failure, plus periodic repair cost times the frequency of repairs, plus inspection cost times the frequency of inspections. 

· Loss from Failures = Cost of loss per failure times average failure frequency.
Then choose the one that brings the lowest costs.

Qualitative method
4. Decide on the style and frequency of maintenance by ranking inspection characteristics of the facilities and equipment. Use the four criteria of the necessity for inspection, effectiveness of inspection, need to disassemble to carry out an inspection, and cost-effectiveness.
5. Necessity for inspection: To determine the levels of need for inspection, examine the following seven points: 

a. The presence or absence of legal restrictions.

b. The estimated suspension period.

c. The impact on quality.

d. The impact on safety.

e. The impact on the environmental. 

f. The impact on the capacity to responding to disasters.

g. The cost of maintenance.

After considering these seven points, group facilities and equipment into four levels of importance, A, B, C and D. The facilities and equipment with a great need for inspections are considered the principal facilities and equipment, and require detailed inspections and condition-based maintenance. 
6. Effectiveness of inspection: Assess the effectiveness of inspections on the basis of facility and equipment deterioration characteristics e.g., facility and equipment life, progress of deterioration, and the nature of deterioration.

7. Need to disassemble: Judge whether it is possible to inspect the degree of deterioration without disassembling the facilities and equipment and, based on this, classify them into the following three groups:

High: It is possible to determine deterioration using normal measuring devices.

Low: It is possible using diagnostic technology.

None: It is impossible to inspect deterioration without disassembling.

8. Cost-effectiveness: Assess the manpower needed for inspection, and classify facilities and equipment into three groups according to cost.
9. Finally, determine the optimal maintenance style on the basis of these four criteria described above. For example, use condition-based maintenance when 

a. Facilities and equipment need to be inspected a lot.

b. Inspection proves itself highly effective.

c. There is a high possibility of inspecting deterioration without disassembling.

d. Inspection will be highly cost-effective. 

However, if it is impossible to inspect deterioration without disassembly, periodic disassembly inspections are necessary. When periodic disassembly inspections fail to reveal the necessary information, there is no choice but to conduct breakdown maintenance.

Figure 16.10b Example of the logic behind evaluation of maintenance specifications
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DISCUSSION

The following questions ask you to reflect on your company’s approach to determining maintenance specifications, and how the ideas in the text could help to improve this. Some of these ideas may not be relevant to you. Concentrate on those that are relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any examples referred to in the text, if you feel these are relevant to your company.

a. Parags. 1: Which styles of maintenance do you normally use? How do you decide which to use, and how frequently to use them? 

b. Parag. 2. Why do you think condition-based maintenance is used for equipment and facilities where failures could cause large production losses? And why is breakdown maintenance used when maintenance costs are high?
c. Parag. 3: Try to apply the quantitative method to calculating maintenance costs in your company. How appropriate would it be? 

d. Parags. 5, 6, 7 and 8: Discuss how relevant each of these criteria would be to your company, and how you would apply each of them to choosing the most suitable style and frequency of maintenance. Be as concrete and specific as you can. 

e. Parag. 9. Decide which style of maintenance you would apply to some of your facilities and equipment.

f. Finally, apply the RADAR questions to these ideas in your company.

ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured plan for your company.

.
16.11 Condition-based maintenance 

1. Carried out condition-based maintenance to continuously monitor your more complex facilities and equipment, especially those where failure could lead to large production losses. Use diagnostic machines such as machine checker and monitors to take continuous measurements. This will enable to detect at an early stage any signs of deterioration or any incidents that could lead to failures. Abnormalities and failures will be identified by warning signals or will be spotted during frequent inspections.
2. Keep inspection records: transcribe graphically the values that have been measured onto a chart so that the status of facility and equipment deterioration can be easily recognised. Draft maintenance plans on the basis of these monitoring activities. Record the results and inspect the data either continuously or periodically.

3. Diagnostic technology
a. Rotating machines that are often used in manufacturing require precision diagnosis using FFT analyzers.
b. Vessels, tanks and piping require diagnostic technologies that can identify corrosion and cracks.
c. Many kinds of thermal insulation devices require diagnosis to determine the degree of deterioration - thermocouples and radiation calorimeters and similar equipment are used for this purpose.
d. Systems based on artificial intelligence are also now used.

Figure 16.11a. Outline of diagnostic technologies used by gas manufacturer.

	ING Tanks
	Vibration
	Vibration analysis using artificial intelligence.

	BOG Compressors
	Abrasion
	Sound analysis.

	LNG Carburettors
	Corrosion
	Measurement of the thickness of metallicon flims.

	LNG Tanks 
	Leakage
	Monitoring of leaks from internal and external tanks.

	LNG Piping
	Functional Decline 
	Diagnosis of cold insulation material deterioration.


DISCUSSION

The following questions ask you to reflect on your company’s condition-based maintenance system, and how the ideas in the text could help to improve this. Some of these ideas may not be relevant to you. Concentrate on those that are relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any examples referred to in the text, if you feel these are relevant to your company.

a. Parags. 1: Do you often have failures that could cause large production losses? If so, do you have a system for detecting indications of these before they emerge? Does it include any methods of the kind described in this paragraph?

b. Parag. 2: What benefit would it bring you to transcribe the measured values on to a chart? 

c. Parag. 3: Which of these forms of diagnostic technology relate to your equipment? Draw up a chart like the one in the example to show the relationship of equipment, signs of decline and diagnostic technology for some of your equipment.

d. Apply the RADAR questions to these guidelines for using condition-base maintenance in your company.
ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured plan for your company. Alternatively you may choose to prepare one action plan when you have discussed several texts. You might like to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan when you have discussed several texts.

16.12 Breakdown Maintenance 

1. However good your management may be, there will always be accidental failures. There are also some facilities and equipment that are so difficult and expensive to inspect that it is best to leave repairs until a failure actually occurs. When a failure does occur, repairs must be carried out immediately to minimize production losses, and also because sudden suspensions can have a major effect on other facilities and equipment. This is breakdown maintenance.
2. Breakdown maintenance requires strict management, a constant state of preparedness, an efficient allocation of personnel, procurement of materials, and management of work progress. Follow this procedure:
a. Investigate causes and examine countermeasures. When a failure emerges, investigate the causes and discuss countermeasures immediately. If necessary, disassemble the equipment to assess failed components and the extent of the failure.

b. Draft repair plans. When causes are known and the machines, tools, and parts for repair or replacement have been determined, prepare a repair schedule based on the repairs that have to be done, and the time needed to do them.

c. Arrange personnel and material procurement. Get the staff needed for repair work immediately. Make arrangements for procuring parts and materials as quickly as possible. Depending on how urgent the situation is, consider using goods in stock or goods that have been scheduled for other use.

d. Implement repairs and manage their progress. Use a work process table to manage the progress of repairs.

e. Report repair results and keep records. Once repairs have been completed, collect data on the results and write this up in reports.

f. Manage an inventory of repair parts and materials It is very difficult to maintain repair parts and materials at all times just to be prepared for sudden failures. However, repairs will be delayed if the right parts are not there, so parts and materials should be ordered from manufacturers in advance, and kept in stock. To decide which to keep in stock, examine the characteristics of facilities and parts, and past records.

g. Store repair records to help with future decisions about appropriate maintenance methods.

h. Use PERT (Program Evaluation and Review Technique) to manage repairs. (See Text 16.6)

DISCUSSION

The following questions ask you to reflect on your company’s breakdown maintenance, and how the ideas in the text could help to improve this. Some of these ideas may not be relevant to you. Concentrate on those that are relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any examples referred to in the text, if you feel these are relevant to your company.

Parag. 1: Do you often have accidental failures? Do you have facilities and equipment that are hard to inspect and where you must wait for a breakdown to occur before you know there is a problem? What kind of system do you have for dealing with failures? How efficient do you think it is? What, if any, are its shortcomings?

Parag. 2: Apply the RADAR questions to these guidelines for breakdown maintenance.

ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured plan for your company. Alternatively you may choose to prepare one action plan when you have discussed several texts. You might like to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan when you have discussed several texts.

16.13 Recurrence‑prevention

Introduction
1. When you have removed the results of an abnormality or failure - usually by getting the machinery operating again - you need to investigate the causes and take steps to prevent it happening again. These are recurrence prevention measures. They are also known as corrective actions. The term corrective maintenance is used to refer to the total process of recurrence prevention, planned improvement of facility and equipment functions, the extension of their life, and the improvement of their reliability, maintainability, operational ease and safety. 

Decide on recurrence prevention measures
2. To carry out recurrence prevention take the following actions:

a. Classify failures: Classify failures into categories like the breaking of wires, connection damage, abrasion, and severe deterioration. 
b. Identify causes and results: 
i. Analyze the frequency of abnormalities: draw histograms and Pareto diagrams and conduct ABC analysis. (See QC tools in Text 16.16.)

ii. Analyze the factors behind the abnormalities, using statistical methods like cause and effect diagrams, scatter diagrams and stratification - especially the seven QC tools.
iii. Investigate the causes by asking basic questions - the 5Ws and 1H questions – who, what, where, when, why and how.
iv. If necessary, conduct detailed failure analysis: FTA (failure tree analysis) and FMEA (failure mode and effects analysis). (See parag. 4 below.)

c. Think of ideas for improvement: Use brainstorming and other methods to generate a lot of different ideas. (See parag. 3 below.) Try to apply the four improvement principles: eliminate, consolidate, replace and simplify.
d. Assess the ideas for improvement and select the best: Make these ideas as concrete as possible. Estimate how much investment each idea will require and how much improvement can be expected, using simulations and other methods. Select the best idea keeping in mind ease of implementation and cost effectiveness.
e. Authorize and implement the ideas: Revise the standards to include these ideas, and display them at manufacturing plants and work places. Train everyone who will be implementing the ideas.

Way of generating ideas for improvement

3. There are several methods that you can use to come up with ideas for improvement: 
a. Brainstorming: Everyone puts forward whatever ideas they think of without stopping to evaluate them, and without anyone criticising them. When a lot of ideas have been freely and spontaneously generated in this way, they can then be discussed and assessed. This method is also used to investigate the causes shown in "cause and effect diagrams. 

b. Simulation: Simulations are experiments that use models, e.g. wind-tunnel airplane performance tests. Simulation involves reproducing the results of abnormalities/failures on computers or on paper and then carrying out quantitative experiments. There are two main methods: computer simulation and graphic simulation. For example, poor coordination between facility and equipment processing time and the arrival of goods produces stockpiles or idle facilities and equipment. Write this on a simulation chart in order to calculate the waiting time, how often it happens, and how often facilities and equipment are suspended as a result. Then change the facility and equipment capabilities and repeat the calculations in order to determine the optimal capabilities of facilities and equipment.

c. Economic Analysis: Economic analysis considers plant and equipment investment on the basis of, for example, the number of years needed to recover invested capital. When invested capital can be recovered within two years, this particular plant and equipment investment should be considered a good investment.
Methods of Failure Analysis
4. Failure analysis is systematic research and study conducted to determine what corrective actions are needed. It is based on an examination of the mechanisms of facility and equipment failures, their emergence ratio, and their effects.

a. Failure Tree Analysis (FTA) is a technique used to analyze the routes, causes, and ratios of failures by tracing back events and developing a tree-like figure.

b. Failure Mode Effective Analysis (FMEA) is a technique for analyzing the types of failures of constituent parts (failure-phenomena) and their effects on higher items (e.g. facilities, equipment machines, tools, parts, and systems). It identifies incomplete designs and latent defects. The effects of failure types are appraised using such criteria as (1) degree of influence, (2) failure frequency, and (3) failure detection and repair difficulty.

DISCUSSION

The following questions ask you to reflect on the measures your company takes to prevent abnormalities or failures recurring, and how the ideas in the text could help to improve these. Some of these ideas may not be relevant to you. Concentrate on those that are relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any examples referred to in the text, if you feel these are relevant to your company.

Parags. 1: What steps does your company typically take to prevent abnormalities or failures recurring? How successful do you think these steps are? Where do you feel there is a need for improvement?

Parag. 2: Apply the RADAR questions to these recurrence prevention measures.

Parag. 3: Apply the RADAR questions to each of these methods for improving facilities and equipment.

ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured plan for your company. Alternatively you may choose to prepare one action plan when you have discussed several texts. You might like to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan when you have discussed several texts.

.

16.14 Keep maintenance records 

Introduction
1. Keep a record of maintenance activities and analyze them. There are two main categories of records that you should keep: records of the results of your maintenance activities, and records of the appraisal of your maintenance activities:

a. Records of maintenance results:

i. Periodic reports, e.g. daily and monthly failure reports.
ii. Analytic reports, e.g. maintenance results by manufacturing plants, facilities, and equipment, failure analysis tables and failure statistics by causes.

b. Appraisal of maintenance activities:
i. Appraisal of individual maintenance activities, e.g. failure duration per case and inspection cost per day.
ii. Appraisal of the efficiency of maintenance activities, e.g. maintenance cost per production quantity, and loss from failures per production quantity.

Records of maintenance results
2. Record the totals of:

a. Duration of failures and production losses.

b. Maintenance man‑days and labour cost.
c. Cost of repair material and parts.
d. Inspection equipment cost and others.

Figure 16.14a Failure Analysis Table
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Figure 16.14b Failure Analysis list:

	Machine and tool name
	Date of 

emergence
	Suspension

 period
	Failure 

result
	Action 

Classifi

-cation
	Cause of 

the 

Failure
	Failure case name



Figure 16.14c Facilities and equipment history ledger: records of work history, failure history and remodelling and revisions by facilities and equipment.

	Process
	Facilities and 

equipment
	Apparatus
	Machine and tool
	Work 

Case name
	Work

 period
	Work objective


Figure 16.14d Work History Ledger

	Process
	Facilities and 

equipment
	Apparatus
	Machine and tool
	Work 

case name
	Date of starting 
	Work objective
	Man 

days
	Cost


Analysis of Maintenance Results
3. Graphic charts, including bar charts, broken-line charts and pie charts, are very useful for showing signs of improvement. They are one of the Seven QC Tools. (See Text 16.16)

Figure 16.14e Numbers of failures by cause ‑ bar graph
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Figure 16.14f Servicing cost by facilities and equipment ‑ pie chart 
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Appraisal of maintenance activities
4. It is possible to assess maintenance activities by converting an efficiency index to the diagram below that shows the correlation between maintenance cost and loss from failures. This diagram shows that many figures fall within zones B and C. These zones make it hard to decide whether to reduce failures or keep down maintenance costs. Facilities and equipment in zone A require serious countermeasures. Ideally they should be relocated to zone D.

Figure 16.14g Maintenance activity efficiency index
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Figure 16.14h Diagram showing the correlation between maintenance cost and the loss from failures.
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DISCUSSION

The following questions ask you to reflect on how your company keeps records of its maintenance results, and how the ideas in the text could help to improve these. Some of these ideas may not be relevant to you. Concentrate on those that are relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any examples referred to in the text, if you feel these are relevant to your company.

Parag. 1: What kind of records does your company keep of maintenance results? How complete do you think these records are? Do you make good use of them? Which of them correspond to these categories?

Parag. 2 gives different examples of ways of recording results. Apply the RADAR questions to these. If you have enough information at hand, draft similar documents for your own company.

Parag. 3 gives two examples of graphic charts. Apply the RADAR questions to using these in your company.

Parag. 4. Do you often find it hard to decide whether to reduce failures or keep down maintenance costs? How do you usually decide this? Apply the RADAR questions to using the Maintenance Activity Efficiency Index to help make this decision. If you have enough information at hand, prepare a similar index or your company.

ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured plan for your company. Alternatively you may choose to prepare one action plan when you have discussed several texts. You might like to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan when you have discussed several texts.

1615 Consider maintenance costs before purchasing new facilities and equipment

Introduction
1. Maintenance costs are a key factor to consider when you are buying facilities and equipment. Even if the purchase cost is low, facilities and equipment can end up being expensive if their maintenance and repair costs are high. Take into account their reliability - how likely they are to have failures, and their maintainability - how easy they are to maintain, and assess the total life-cycle costs. When you have made this assessment, examine the maintenance specifications and decide on the most suitable form of maintenance to use.

Life-cycle costs

2. Life-cycle costs are the entire costs incurred during the lifetime of the facility or equipment, from the start of operation to the point of scrapping. They include: 

a. Purchase costs.

b. Operational costs, training costs, maintenance costs (inspections, tests, repairs, parts).

c. Opportunity loss from failures (production suspension and loss of quality).

3. To asses the life-cycle costs you will need the following data:

a. Performance and specifications of new facilities and equipment.

b. Reliability data obtained in advance tests.

c. Reliability data from similar or old facilities and equipment.

d. Savings to be made from simplifying the maintenance of similar facilities and equipment.

e. Duration of production suspension of similar facilities and equipment and the effects of this.

Assess the life cycle costs and then decide on the specifications and maintenance methods that will optimize these costs. 

Reliability and maintainability
4. Reliability is the quality that enables facilities and equipment to perform the required functions for a fixed period under given conditions. It is indicated by the FTA or FMEA (see Text 16.13.4) based on the life-cycle and number of failures of the facilities and equipment:

a. Mean time to failure (MTM): the time for failures to develop in facilities and equipment that have not yet been repaired. This data is not considered.

b. Mean Time between failures (MTBF): the length of time when repaired facilities and equipment are in operation between failures.

5. Maintainability is the quality that enables facility and equipment maintenance to be concluded within a prescribed period under given conditions. The maintenance period, the time required for maintenance (both preventive maintenance and breakdown maintenance), is one of the standards used to evaluate maintainability.

a. Repair time is another phrase in common use. It means the same thing as breakdown maintenance time.
b. Mean Time to Repair (MTTR): the time between the start of repairs and the resumption of function or opertion. It includes time for preparation, investigation of failures, arranging and procuring parts, repairs, replacement tests, and cleaning.

6. High reliability and maintainability are especially important with principal facilities and equipment, particularly those whose production and quality are substantially affected by failures. Incorporating these concepts at the design stage is a big part of maintenance prevention.
7. Availability. The concept of availability is used as a standard for evaluating how well facilities and equipment functions are maintained. Availability means the amount of time that they are available to be used. It can relate to shortening the repair time, as well as to preventing failures and to maintainability. Availability is generally defined as: Number of failure intervals times (Failure Intervals + Repair Time)

Examine the maintenance specifications
8. When you have assessed the life-cycle costs of new facilities and equipment, taking into account their reliability and maintainability, examine their maintenance specifications as concretely as possible, and decide on the maintenance style, frequency, and method that you will use. Your decision will be largely determined by maintenance cost and the loss of opportunities from failures, and will centre on:
a. Detailed preventive maintenance for facilities and equipment that would have substantial losses from failures (example: condition-based maintenance).

b. Rough maintenance and breakdown maintenance for facilities and equipment where maintenance costs are high.

(See Text 16.10)

Keep records of facility and equipment operations and maintenance results
9. It is essential that you keep operational records and maintenance results for your facilities and equipment, since the analysis and appraisal of these is important for introducing and evaluating maintenance styles. The types of data that should be recorded and stored are:

a. Operational period by facility, equipment, and line.

b. Actual failures by facility, equipment, and line.

c. Actual work by facilities, equipment, and line.

d. Periodic maintenance results by facilities, equipment, and lines (periodic inspection and periodic repairs).
(See also Text 16.14)
DISCUSSION

The following questions ask you to reflect on your company’s approach to purchasing new facilities and equipment, and how the ideas in the text could help to improve this. Some of these ideas may not be relevant to you. Concentrate on those that are relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any examples referred to in the text, if you feel these are relevant to your company.

a. Parag.1: What preparation does your company make before purchasing new facilities and equipment? Do you think it could prepare itself better? Does it take probable maintenance costs into account? If so, in how does it try to predict these? Has your company has any experiences of buying cheaper equipment that later became relatively more expensive because of maintenance costs?

b. Examine the definition of ‘Facility life-cycle costs’. Is there anything you would add to it?

c. Parag. 3: Apply the RADAR questions to this method of assessing life cycle costs.

d. Parags. 4, 5 and 6: Examine these definitions of reliability and maintenance. Give some concrete examples of them from your own company.

e. Parag. 7. How would you apply the concept of availability to evaluating the maintenance of some of your equipment or facilities?

f. Parag. 8. Do you keep such records? If so, do you refer to them when you are deciding about new facilities or equipment? How useful is this?

g. Apply the RADAR questions to the ideas in this text.

ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured plan for your company. Alternatively you may choose to prepare one action plan when you have discussed several texts. You might like to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan when you have discussed several texts.

.

16.16 Total preventive maintenance 
Introduction
Total preventive maintenance (TPM) means that everyone takes part in maintenance activities. TPM is aimed at investigating and eliminating the causes of abnormalities and failures and preventing recurrence. It involves:
a. Establishing a comprehensive maintenance system that covers the entire lifespan of facilities and equipment.
b. Participation by design, operation, maintenance, and other corporate departments and sections.
c. Participation by every individual, from CE0s to frontline employees. This will lead to 

i. The achievement of goals that could not be attained by one person.
ii. A sense of solidarity and teamwork.

d. Spontaneous small group activities (e.g. QC circle activities - see Unit 10.): employees in the same work places form small groups to resolve familiar problems. The first step is that operators carry out spontaneous maintenance activities like making adjustments to equipment, and carrying out day‑to‑day inspections. Participants should maintain problem consciousness at all times and be creative in finding solutions to problems.
e. Making active use of statistical techniques, e.g. the Seven QC Tools.
The Seven QC Tools 
The Seven QC Tools are valuable statistical techniques. You will find more detailed descriptions of these in Unit 11 Statistics.
1. Stratification. Stratification refers to the division of a population (a data group) into several strata. Collecting stratified data and making comparisons among different strata will provide hints for improving maintenance activities.
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2. Pareto Diagrams. Pareto diagrams show stratified items by order of their emergence frequency. They also indicate the sum of accumulated data.

[image: image19.emf]
ABC analysis divides the accumulation curve of a Pareto diagram into three zones: zone A (80% of the total), zone B (80% to 95%), and zone C (95% to 100%).
 Zone A represents important management items.

3. Histogram. A histogram is a technique for showing graphically the distribution of numerical values:
a. Normal distribution ‑ equal distribution from the central point

b. Mean value ‑ average value in a population

c. Deviation ‑ deviation from the average value

4. Characteristic Diagrams. Characteristic diagrams show the relationships between results and factors in a systematic manner. They are also known as fish bone diagrams.

[image: image20.emf]
5. Control Chart. Control charts are used to inspect facilities and equipment while they are in operation. They are also used to maintain stable conditions. (See Text 9.8 for more details on control charts.)
[image: image21.emf]
6. Scatter Diagram. Scatter diagrams are figures on which values are plotted to show the correlation between two variables:

a. Correlation coefficient ‑ standard showing the level of correlation: r = 0.7

b. Regression line ‑ formula for quantifying the correlation: Y=5X+35
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DISCUSSION

The following questions ask you to reflect on your company’s overall approach to reducing the need for maintenance, and how the ideas in the text could help to bring improvements these. Some of these ideas may not be relevant to you. Concentrate on those that are relevant. Keep notes of your conclusions - you will need them to prepare your Action Plan afterwards. 

Where appropriate ask yourself the RADAR questions: 

Note: Always include in your discussion any examples referred to in the text, if you feel these are relevant to your company.

a. To what extent are the employees and departments in your company involved in preventive maintenance?

b. Parag. 1: Apply the RADAR questions to these ideas for Total Preventive Maintenance.

c. Parag. 2: Examine the description of the Seven QC Tools. Consider how might apply these in your company.

ACTION PLAN

Take the ideas you have found useful in the text, and in your discussion, and present them in a well-structured plan for your company. Alternatively you may choose to prepare one action plan when you have discussed several texts. You might like to follow the 6-Point Structure. Alternatively you may choose to prepare one action plan when you have discussed several texts.

Test
Answer these questions using only information given in the text. For each question one, two or all three answers may be correct. Tick the answer or answers you think are correct for each question. Each question carries 3 points – you get one point for each correct answer that you tick, and one point for each wrong answer that you do not tick.

16.1 Keep the workplace neat and clean
1 The first step in maintaining facilities and equipment is to:

a. Carry out regular maintenance activities.

b. Keep the workplace neat and clean.

c. Keep the workers motivated.

2 The 3-S House-keeping campaign is based on the concept of:

a. Employees looking after their own facilities and equipment.

b. Having a special maintenance team to carry out regular checks.

c. Using inspection points.

3 To make the campaign as effective as possible:

a. Hang slogans on the walls.

b. Pay employees extra for carrying out maintenance checks on their machinery.

c. Give recognition to workers who follow these principles.

16.2 Follow the user manual
4 The User’s manual should include:

a. How to install and assemble facilities and equipment.

b. Methods for making adjustments.

c. Any abnormalities at the time of installation.

16.3 Carry out daily and periodic inspections
5 The daily inspection includes:

a. Inspection at the start of operation.

b. Refueling.

c. Inspection during operation.

6 In daily inspections, typical inspection items can include:

a. Damage to ground wires

b. Stoppages caused by the absence of operators.

c. Objects that should not be there.

7 In daily inspections use a check sheet on which the inspection items and methods are written: 

a. Before the inspection.

b. During the inspection. 

c. After the inspection.

8 The choice of inspection items will be based primarily on the effect that the facilities and equipment have on:

a. Product cost.

b. Product quality.

c. Product life.

9 Normal daily inspections will be conducted by: 

a. Members of the maintenance section.

b. Specialized inspectors.

c. Operators who know the equipment.

10 Details of the inspection should be entered on: 

a. The check sheet.

b. The rules for processing abnormalities.

c. The manager’s report.

16.4. Deal with abnormalities

11 Abnormalities can be classified into those that occur:

a. Regularly and periodically.

b. Repeatedly and chronically.

c. Rarely.

12 An abnormality report should include:

a. The type of abnormality.

b. The normal conditions of the facilities and equipment.

c. Possible causes of the abnormality.

13 To decide on permanent measures hold discussions with:

a. Managers, supervisors and operators.

b. Managers, supervisors and those in charge of maintenance.

c. Managers, supervisors, those in charge of maintenance, and technical staff.

16.5 Deal with failures
14 Failures can be classified under:

a. Period of emergence.

b. Cause.

c. Degree of loss of function.

15 When there are serious failures where recovery will take a long time:

a. Carry out repairs at once.

b. Replace parts on the spot.

c. Conduct precision inspection to determine the causes.

16 In processing failures the items to report are: 

a. The causes of failure.

b. The cost of production-suspension periods.

c. The date of evaluating countermeasures.

16.6 Manage periodic repairs
17 The primary actions to take in managing periodic repairs are: 

a. Draft and schedule repair plans.

b. Assign personnel and allocate materials.

c. Manage the progress of repairs.

18 Drafting repair plans includes:

a. Identifying job activities.

b. Preparing a job network.

c. Increasing the work schedule.

16.7 Manage the procurement of repair parts and materials

19 Some machines, tools or parts may have high priority for repair or replacement because of:

a. The failure rate.
b. The size of production loss in the event of a failure.

c. The cost of purchasing a new machine.

20 In fixed period ordering method:

a. Fix the ordering interval in advance.
b. Order a fixed number of units whenever the inventory falls to a certain level.
c. Determine the order quantity each time according to the current inventory levels and quantity required.
16.8. Prioritise maintenance of principal facilities and equipment
21 Decide on the levels of importance of different facilities and equipment with reference to:

a. The effect of a failure on the environment.

b. The frequency of failure.

c.  The effect of a failure on safety.

22 The facilities and equipment in Rank A:

a. Usually only have a small number of failures and the costs are low.

b. Usually have a lot of failures but the costs are high.

c. Usually have only a small number of failures but the costs are high.

23 The maintenance measures to be taken for Rank A include:

a. Those in charge of operations carry out daily prioritized inspections.

b. Members of the maintenance section use diagnostic technology to examine facility and equipment conditions.

c. Operators carry out periodic repairs and maintenance work.

16.9 The different forms of maintenance

24 Equipment maintenance refers to activities aimed at:

a. Preventing equipment getting older.

b. Identifying and measuring deterioration.

c. Recovering after deterioration.

25 Maintenance prevention comes under the heading of:
a. Planned maintenance.

b. Productive maintenance.

c. Preventive maintenance.

26 Maintenance prevention means:

a. Preventing problems occurring.

b. Designing facilities and equipment to require less maintenance.

c. Constantly monitoring the conditions of facilities and equipment.
16 10 Deciding what form of maintenance to use

27 Which of the following statements are correct?

a. Detailed, condition-based maintenance tends to be used when large production losses could result from failure.

b. Rough breakdown maintenance tends to be used when maintenance costs are low.

c. Periodic maintenance is used most commonly.

28 Use condition-based maintenance when:

a. Facilities and equipment do not need to be inspected frequently.

b. It is difficult to determine deterioration without disassembling.

c. Inspection will be highly cost-effective.

16.11 Condition-based maintenance 

29 Condition-based maintenance systems monitor the status of facilities and equipment:

a. Continuously.

b. When their condition deteriorates.

c. At regular intervals.

30 Rotating machines require:

a. Precision diagnosis using FFT analyzers.

b. Radiation calorimeters and similar equipment.

c. Technologies that can identify corrosion.

16.12 Breakdown Maintenance

31 The first step to be taken in breakdown maintenance is:

a. Draft repair plans.

b. Arrange personnel and material procurement.

c. Investigate the causes and examine countermeasures

32 You should:

a. Order repair parts and materials as soon as a failure occurs.

b. Order them when you anticipate a failure might occur.

c. Keep them in stock.

16.13 Recurrence-prevention

33 Recurrence prevention is also known as: 

a. Corrective action.

b. Corrective maintenance.

c. Permanent maintenance.

34 To analyze the frequency of abnormalities use:

a. Cause and effect diagrams.

b. Scatter diagrams and stratification.

c. Histograms and Pareto charts.

35 Failure Tree Analysis:

a. Analyzes the routes, causes and ratios of failures.

b. Analyzes the failures types of constituent parts.

c. Identifies incomplete designs and latent defects.

16.14 Keep maintenance records

36 The categories of maintenance records include:

a. Analytic reports.

b. Appraisal of individual maintenance activities.

c. Appraisal of maintenance activity efficiency.

37 Which of the following can be used in the analysis of maintenance results to show signs of improvement:

a. Bar charts.

b. Pie charts.

c. Scatter diagrams.

16.15 Consider maintenance costs before purchasing new facilities and equipment
38 Facility life-cycle costs include:
a. Operational costs.
b. Training costs.

c. Production suspension costs.
39 Mean time to failure (MTM) is:

a. The time for failures to develop in facilities and equipment that have not yet been repaired.

b. The time when repaired facilities and equipment are in operation between failures.

c. The time between repair start and functional recovery.

40 Mean Time to Repair (MTTR) is:

a. The time between breakdown and functional recovery.

b. The time between repair start and functional recovery.

c. The time between beginning and completion of repairs.

16.16 Total preventive maintenance

41 Total preventive maintenance involves:

a. Having absolutely no failures.

b. The CEO taking charge of maintenance.

c. Everyone in the company participating in maintenance.
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Example: Printers for personal computers


Name: Operational panel


Function: Setting of printer functions
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