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Introduction 
 

Welcome to the final day of the Maintenance Planning and Scheduling for World Class 

Reliability and Maintenance Performance 3-Day Training Course.  I hope that you enjoyed Days 

1 and 2 and found the maintenance, reliability, work quality control and work planning concepts 

they contained useful. 

 

Day 1 covered the vital concepts of industrial asset management and maintenance that a 

Maintenance Planner needs to be aware of so they can align their duties and output with the aims 

of the enterprise.  If you work in the Maintenance discipline you need to know the strategies that 

deliver equipment reliability and best production equipment performance.  A Maintenance 

Planner needs to understand those concepts and how their role uses them to produce good 

maintenance results. 

 

The entire Day 2 and part of Day 3 focus on the methods, routines and techniques of 

maintenance planning.  You cover setting up the necessary work system, processes and practices 

for doing great maintenance planning.  In Day 3 you also cover the equivalent requirements for 

maintenance work scheduling. 

 

 

 

Mike Sondalini 

www.lifetime-reliability.com  

November 2011 
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Maintenance Planning and 

Scheduling 3 Day Course

Presented by Mike Sondalini

www.lifetime-reliability.com

Day 3

Work Planning continued and

Work Scheduling

 
This is the final day of presentations during which Work Planning is completed and Job 

Scheduling is explained in detail. 

 

2

Day 3 Content

www.lifetime-reliability.com

ÅDefect Creation and Failure Initiation

ÅóCross-Hair Targetô Game ïunderstanding process effects

ÅWork Process Variation Control with 3Ts

Å Including Work Quality Standards in Maintenance Jobs

ÅMaintenance Key Performance Indicators / Benchmarking

ÅWork Scheduling

ÅThe Work Schedule

ÅWO Scheduling Process

ÅProduction and Maintenance Partnership

ÅRole of the Supervisor

ÅPre-job Start Preparations

ÅBacklog Management ïthe óbig pictureô

ÅReducing the Risk of Problems on the Job 
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How long have we been meeting Ted?

At their next session é

This must be the third week. 

Are things starting to make some sense for you?

I wish they made more sense.  Iôm 

overloaded with information! 

Maintenance really is a big topic.  No one gives enough credit for its 

importance to the wellbeing of an operation.  People just see the cost, 

and totally miss the production and quality benefits they get.

In the old days maintenance was there to just fix things.  These days 

maintenance is there to stop things from going wrong.

 

4
www.lifetime-reliability.com

Ted, have you ever thought about why things go wrong?

No one's asked me that question before.

How can we have no problems?  What would that mean?  It would mean all that we did 

would be exactly as it was meant to be.   You wouldnôt have a problem if things were 

going just the way you wanted them to go!

I can see that.  You would only have problems if 

something happened that was unwanted.

Which then leads to the question of: How do you stop 

problems starting?  Take a look at these.

What causes maintenance é
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Defect Creation and Failure Initiation

www.lifetime-reliability.com

 
This is a version of the DuPont Defect and Failure Creation Model.  It shows that a business 

collects errors, defects and failures.  These then cause further problems to in the organisation.  

The problems become so numerous that they take resources and time away from the business 

6

Common Defect Management Strategies

www.lifetime-reliability.com
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In response to the many problems, a business installs systems to handle them.  These become the 

óway we do things around hereô and are seen as normal behaviour.  In reality the business 

systems are correcting errors, defects and failures that should never have happened. 

7

Defect Elimination and Failure Prevention

www.lifetime-reliability.com

If you donôt 

want 

problems you 

need to 

prevent their 

cause.  If you 

donôt want 

high cost 

maintenance 

you need to 

prevent the 

causes of that 

maintenance.

 
Would it not be better to stop the problems from entering the business in the first place?  This is 

what defect elimination and failure prevention is all about.  In the end DuPont developed 105 

standards, guidelines and protocol documents of best practices to control the creation of defects. 

 

Technology & Facilities Safety System documents : 9 off  

Electrical System documents: 7 off  

Fire and Explosion prevention documents: 8 off  

Environmental Risk documents: 8 off  

Product Stewardship documents: 7 off  

Distribution Requirements documents: 5 off  

Occupational Health and Industrial Hygiene documents: 7 off  

 

ASSET PRODUCTIVITY   

1. Maintenance and Reliability 

Systems ï 5 off  

2. Manufacturing Capacity ï 5 off  

3. Energy Optimization ï 5 off  

4. Facilities Infrastructure ï  6 off 

5. Mechanical Integrity  - 4 off  

6. Product Quality and Process 

Control  - 7 off  
 

CAPITAL EFFECTIVENESS  

1. Business Planning ï 1 off  

2. Facility Planning ï 2 off  

3. Project Planning ï 2 off  

4. Project Implementation ï 3 off  

5. Start-up and Initial Operations ï 1 

off  

6. Value Improving Guidelines  - 12 

off  

7. Contractor Effectiveness  

8. Shutdown/Turnaround Practices  
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The Trouble with Accepting a Defect

Soft-foot is an example of a defect regularly brought 
into companies, that then causes on-going problems

www.lifetime-reliability.com

Stack or Deck 

of shims

Bolt Head Machine Foot Shank Thread Frame

Bolt Head Machine Foot Shank Thread FrameShim Shim Shim Shim Shim

Using 5 shims has made the connection more unreliable.  There are now 5 more 
things to go wrong.  They have added cost, require additional maintenance and 

introduced certainty of repeated human error throughout future times.

IT DID NOT HAVE TO BE SO!
 

Defects enter into organisations by the thousands a year; unless the organisation has put up defences.  

Once the problem is in your operation, you have to deal with it.  In the slide, a soft-foot defect has been 

accepted into the plant.  To correct it now requires the use of shims to fill the gap.  Though this solves the 

problem, the shims have caused additional work.  They also represent additional risk to the equipment, 

since if they are lost it is highly likely the foot will be bolted down into the base frame without them, 

producing in a distorted and deformed machine.  The parts in the machine will become deformed, be 

highly stressed, and fail faster. 

 

By adding shims we may have stopped the deformation, but we have also reduced the reliability of the 

connection.  From what should have been a bolted connection series configuration of 5 or six steps, the 

addition of the shims has turned it into a series process of 10 or 11 components. If you must use shims 

never use more than two (2) together (maximum 3) and make certain they are of material that does not 

compress with age (like plastic) or corrode in the local environment. 

 

Once you have many shim faces you cause a loose bolt.  The metal relaxes at each face and the tension in 

the fastener is lost.  The foot becomes lose and the machine starts to vibrate and thereby damage internal 

components.  If you use shims to address soft-foot you also need to regularly go back and tighten those 

fastenersðat least every month.  Companies that use Total Productive Maintenance (TPM) make it the 

Operatorôs job to tighten hold-down bolts because they know that the bolts will become loose as the 

equipment is used.  They thereby introduce a second process, on top of the original tensioning process, to 

protect the operation from the certain occurrence of loose fasteners that will happen in future. 

 

The best answer to the risk of defects entering your business, is to ensure they are stopped before they 

cross your border.  Put into place the necessary methods and precautions that ensure only high quality, 

high accuracy work is in your machinery from the outset. 
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Only 2 Ways to get High Reliability Systems

ÅSeries Systems

Rsystem= R1 x R2 x R3é Rn

ÅParallel Systems

Rsystem= 1-[(1- R1)x(1- R2)xé (1-Rn)]

(only fully active)

1

1

1

n

1 1 1 n

www.lifetime-reliability.com

R = 0.95 x 0.95 = 0.9025

R = 1 ï[(1 - 0.6) x (1 - 0.6)] = 0.84

Reliability=Chance of Success

Number of 
Components

Series System Reliability 

1 0.95 0.97 0.99 0.9999

2 0.9025 0.9409 0.9801 0.9998

4 0.8145 0.8853 0.9606 0.9996

6 0.7351 0.8330 0.9415 0.9994

8 0.6634 0.7837 0.9227 0.9992

10 0.5987 0.7374 0.9044 0.9990

Number of 
Components

Parallel System Reliability 

1 0.6 0.8 0.9 0.99

2 0.84 0.96 0.99 0.9999

4 0.9744 0.9984 0.9999 1.0000

6 0.9959 0.9999 1.0000 1.0000

 
The probability of a series system outcome is the multiplication of the probability that each component 

will work correctly.  This means that as more components are added to the series the system success rate 

falls, since there are more components to go wrong.  While the probability of a successful parallel system 

outcome is made vastly more certain by having multiple components where if one fails the other 

components take over the duty. 

 

There are only two ways to get high system reliability: 1) each component in a series arrangement must 

have greatly higher individual reliability, or 2) put components in parallel.  
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Reliability of Series Work Process

1 2 3 4 5 6 7 8 9 10 11 12

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12

Series Tasks

.99 .99 .99 .99 .99 .99 .99 .99 .99 .99 .99 .99

Bottom System

R system=  R1 x R2 x R3 é

0.99 x 0.99 x é 0.99

(0.99)12 = 0.8864

If 50 tasks (0.99)50 =  0.6

.9 .9 .9 .9 .9 .9 .9 .9 .9 .9 .9 .9

Mid System

R system=  R1 x R2 x R3 é

0.9 x 0.9 x é 0.9

(0.9)12 = 0.2824

If 50 tasks (0.9)50 =  0.0052

Top System

R system=  R1 x R2 x R3 é

0.9 x 0.9 x 110

0.81

1 1 1 1 1 1 .9 1 1 .9 1 1

 
When work is done in series, the poor performance of any task leads to a poor outcome for the whole 

procedure. In a long series process there is great opportunity for error and defect introduction. 

 

In a 12 task maintenance procedure, if all but two tasks are always done 100% right and the outstanding 

two are done right only 90% of the time, then the certainty that the whole procedure is right whenever it is 

done drops to 81 times out of 100 (81%).  If instead all 12 tasks are likely to be done right 90% of the 

time (10% of the time they will be done wrong), the likelihood that the whole procedure will be done 

right is only 28% of the time.  Should the chance of each 12 tasks being done right rise to 99%, then the 

chance of the whole procedure being done right at any time becomes 88.6%. 

 

The only way to ensure that series work always is done 100% right every time it is performed is to ensure 

every series task is done 100% right every time.  This we know to be impossible because human beings 

do the work, and human beings make mistakes.  We need an better solution than trying to tell people not 

to make mistakes in their work. 
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Carpenterôs Creed: measure twice, cut once

1 error every 200 

opportunities

~ 1 / wk  

1 error every 5000 

opportunities

~1 / 20 wk  

Measure 1 Mark woodGet wood

R= 0.995

Cut wood

0.995

0.995

Cut woodGet wood Mark wood

??? ??????

This is a ómistake proofingô method that greatly reduces the chance of an error 

being made and left behind in a job as a defect that will later cause failure.

Rparallel= 1-[(1- R1)x(1- R2)]

www.lifetime-reliability.com

 
Another example of a parallel process is the Carpenterôs Creed - óMeasure twice; cut onceô.  The advice is 

to do a double-check before accepting what you think is right.  Carpenters know that the double-check 

will save problems and trouble later.  We can turn the adage into the simple parallel process shown in the 

Figure. 

 

Though each measurement is done one after the other in series, the logic of the proof test is to act as a 

check on the first measurement.  Thus the second measurement is a parallel test activity as shown in the 

bottom reliability block diagram. 

 

The typical error rate in reading a tape measure is five times in every thousand it will be misread, or 995 

times out of 1000 it will be right (a reliability of 0.995).  The carpenter will cut the wood in the wrong 

spot about once every 200 times.  It is not hard to imagine a carpenter doing 50 cuts a day.  So about once 

a working week they would cut the wood in the wrong place and have to throw it away.  When he also 

does the proof-test measure the chance of getting the cut right rises to 0.9998, which is an error rate of 2 

in every 10,000 times.  With 50 cuts a day they will make an error once every 100 working days, or about 

every 20 working weeks.  The simple addition of a check-test produced twenty times fewer measurement 

mistakes.  That is the power of paralleling test activities to tasks to ensure they are right.  
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Can we get 10,000% fewer errors?
(Two sigma to five sigma)

Use óHuman Error Rate Tableô in the Workbook to calculate  the chance of all 12 tasks being done right?

Use the equation é Chance of Being Done Right = 1 ïChance of Being Done Wrong.

What if there were 50 tasks involved in a job?

How can a Maintenance Planner increase the chance of the job being perfectly?

Task 1

Task 2

Task 3

Task 4

Task 5

Task 6

Task 7

Task 8

Task 9

Task 10

Task 11

Task 12

A Maintenance Job é

1 2 3 4 5 6 7 8 9 10 11 12

éis a Series Work Process

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12

Each task can be made more certain 

if we can include redundancy and 

turn it into a parallel arrangement?

1

1

2

2

3

3

4

4

5

5

6

6

7

7

8

8

9

9

10

10

11

11

12

12

Work Environment

Work Environment

 
 

Most organisations without a properly working quality management system have error rates of 15 or more 

in 100. That means for every 100 opportunities for things to go wrong at least 15 do. They are two-and-a-

half (2-1/2) sigma operations.  Many companies would have error rates of 30 in 100 and more; a two 

sigma operation.  Such a situation is fantastically expensive for a company because a lot of work will 

have to be done twice.  Very few companies can afford to pay twice as much for a job as they expected to 

pay. 

 

The Maintenance Planner is in a situation of being able to lift an organisationôs maintenance crew 

performance because they can control the quality of information and the work standards being given to 

the maintenance crew so that the number of task errors are reduced.  The human error table provides 

Maintenance Planners with useful tools and methods to improve a Maintenance Technicianôs chance of 

doing high quality work in every activity they undertake. 

 

The Maintenance Planner can also use the reliability improvement principle of parallel arrangements and 

introduce a proof test into each task in a procedure to ensure the task is done right.  The new ósystemô of 

task and proof test together produce greatly more reliable outcomes.  Once all tasks are done right the 

whole job outcome must be right. 
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Parallel Process Boosts Work Reliability

.9

.9

.9

.9

.9

.9

.9

.9

.9

.9

.9

.9

.9

.9

.9

.9

.9

.9

.9

.9

.9

.9

.9

.9

Parallel Tasks

.99 .99 .99 .99 .99 .99 .99 .99 .99 .99 .99 .99

Parallel Process

R system= 1- [(1- R1)x(1- R2)x(1-R3) é.]

1- [(1- 0.9)x(1- 0.9)]

1- [0.1 x 0.1]

1- [0.01] = 0.99

Series Process with Parallel Test

R system=  R1 x R2 x R3 é.

0.99 x 0.99 x é 0.99

(0.99)12 = 0.8864

If 50 tasks (0.99)50 =  0.6

Equivalent Series Tasks

Without Parallel Test

R system=  R1 x R2 x R3 é

0.9 x 0.9 x é 0.9

(0.9)12 = 0.2824

If 50 tasks (0.9)50 =  0.0052

Clearly, adding a test check into each task makes tremendous improvement in workmanship 

quality.  This process went from a 28% chance of it being done right, to a 89% chance!

 
Any time we can turn a series task into a parallel task we increase the chance of it being done right. 

 

In the slide, each task is turned into a parallel task by adding a 3T proof test, which is itself also done 

right only 90% of the time.  Where we would have got the procedure right only 28% of the time if it was 

a series process.  We get it right 88.6% of the time when we have a parallel test, even though both the task 

and the test are each done right only 90% of the time. 

 

Clearly adding a test check into each task makes tremendous improvement in workmanship quality. 
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How Much Must WE Control Chance?

.9

.9

.9

.9

Add in more Parallel Check-Test Tasks

.999 .999 .999 .999 .999 .999 .999 .999 .999 .999 .999 .999

Task With Second Parallel Test

R system= 1- [(1- R1)x(1- R2)x(1-R3) é.]

1- [(1- 0.9)x(1- 0.9) x(1- 0.9)]

1- [0.1 x 0.1 x 0.1]

1- [0.001] = 0.999

Series with Second Parallel Test

R system=  R1 x R2 x R3 é.

0.999 x 0.999 x é 0.999

(0.999)12 = 0.988

If 50 tasks (0.999)50 =  0.95

Equivalent Series Tasks

How much is enough?

R system=  R1 x R2 x R3 é

0.9999 x é 0.9999

(0.9999)12 = 0.999

1 failure in 1000 opportunities

If 50 tasks (0.9999)50 =  0.995
5 failures in 1000 opportunitiesAdding tests and checks reduces the chance of 

failure. Beware of common error across tests.

.9 .9

.9

.9

.9

.9

.9 .9

.9

.9

.9

.9

.9 .9

.9

.9

.9

.9

.9 .9

.9

.9

.9

.9

.9 .9

.9

.9

.9

.9

.9 .9

 
If you want a higher likelihood that the outcome will be right, you must provide additional risk control at 

every step in the process used to deliver that outcome.  Then, as the chance of error in individual tasks is 

reduced, the likelihood that the whole job will be done right rises. 

 

Beware that if you want high levels of control, each layer of proof test needs to be independent of the 

others so that any errors in one test is not duplicated in another.  For example, if you measure a second 

time, and the second test is done with the same measuring device  used for the first test ,you will commit  

a ócommon error ó.  The measuring device may be wrong and the second test would not detect that error. 

 

Another common cause error example is if a second inspection is used to do a proof-test, but it is done by 

the other person with the same measuring device.  The second person doing the measurement would also 

suffer the same error with the measuring device.  Bother people doing the measurement would agree but 

both would be wrong because the device commonly shared was in error. 
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But Paralleling Test Tasks adds Costé

So what can you do?

1 1 1 1 1 1 1 1 1 1 1 1

ERROR PROOFED Series

R system=  R1 x R2 x R3 é.

1 x 1 x é 1

(1)12 = 1

If 50 tasks (1)50 =  1

A PERFECT RESULT EVERY TIME!

BEST ANSWER IS TO óERROR PROOFô, SO IF IT IS WRONG IT DOES NO HARM

 
Human error cannot be prevented.  It is in our human nature to make mistakes.  They will always happen 

because our brains and bodies have limits1.  But it does not mean that a mistake must lead to a failure.  

There is a better way to control failure than paralleling test activities.  That is to ensure failure cannot 

happen by using error-proofing.  Error-proofing means to change the design of a thing so that mistakes 

have no effect on the outcome.   We get 100% reliability in an error-proofed  process.  In all situations 

and circumstances no human error leads to failure.  Error-proofing does not mean mistakes are not 

allowed, they are inevitable; rather, when mistakes are made they will not fail the job.  Examples of the 

practice of error-proofing equipment include changing designs of parts so they can assemble only one 

way, and providing parts with tell-tale indication of correct positioning.  In information collection, 

transcription problems can be greatly reduced simply by changing the layout of forms to promote clear 

writing and easy reading.   The slide shows a job designed so that each task is error-proofed. 

 

In machines designed where maintenance and operating tasks are completely error-proofed, there are no 

failures from human error.  The work and parts are designed in ways that allow human error to occur, but 

the errors cannot progress to equipment or job failure.  We cannot stop human error.  But we can create 

machines and work processes that do not allow human error to cause failure.  The right outcomes result 

first-time-every-time, done faster and for less cost. 

 

 

 

 

 

 

                                                 
1 Gladwell, Malcolm., óBlink, the power of thinking without thinkingô,  Back Bay Books, 2005 
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Activity 9ïThe Cross-Hair Game: 
Observing Business Process Outcomes

How do you hit the bulls-eye every time?

Cross-hairs and 

10 mm diameter 

circle

3
0
0
 m

m

 
You develop a process to deliver repeatable outcomes. The process is built so that its inputs always result 

in a known output.   If the process does not deliver the same result every time, it is a very poor process.  

The ócross-hairô gets people to use a process and identify how to improve it.  Finally they are challenged 

to make the process error proof so it can never be done wrong. 

 

The Attendees drop a pen from 300mm height into the 10mm diameter circle.  The circle is the tolerance, 

and anywhere within the circle is acceptable.  10 attempts are made to get the pen into the circle.  After 

which the group discusses why they cannot get repeatable results. 

 

The next task for the group is to develop a new process that will always have the pen land on the cross-

hair point and to test the process actually works.  The group discusses their learning and problems.  One 

issue that the group needs to consider is how much human interaction is present in the process, because 

the risk of human error increases as the number of human activities present increase. 

 

Lastly the group is asked to invent a process that is error-proof, with no possibility of human error.  There 

is at least one known error-proof solution. 

Activity 9 ï The Cross Hair Game 
 

1. Drop a pen 10 times from 300mm above the top cross-hairs (height of the long side of an A4 sheet of 

paper) into the 10mm circle and count how many times you land within it. 

 

2. Design a process that will always land the pen within the 2mm circle no matter who does it. 
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