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What is maintenance?



Maintenance

Maintenance

Corrective 
maintenance

Preventive 
maintenance

Deferred Immediate

Condition based 
maintenance

Predetermined 
maintenance

Planned, 
continuous or on 

demand

Planned

Before a 
detected 

fault

After a 
detected 

fault



Maintenance

Definition according to 
SS-EN 13306



Maintenance

Combination of all technical, 
administrative, and managerial

actions during the life cycle of an item 
inteded to retain it in, or restore it to, 

a state in which it can perform the 
required function.



● Cleaning
● Lubrication
● Condition monitoring (indirect maintenance)
● Adjustments
● Reconditioning

● Parts exchange (preventive or corrective)
● Modifications and improvements

Maintenance activities



Is maintenance a value
adding activity?



Maintenance
restores

availability, …



… but maintenance not 
adding new value …, 



… just restores the 
availability, so we can

continue produce.



Maintenance is benefit for the 
customer, for example

production and assembly …,



… because all 
maintenance related

downtimes is a loss of
possible production times.



Corrective maintenance
=

Unplannedstops



Corrective Maintenance (CM)

Time

Condition

Non-working
condition

Repair

Breakdown Breakdown Breakdown Breakdown

Run To Failure (RTF)
Unplanned stops



Corrective Maintenance (CM)

Down-time

Up-time TUp TUp TUp TUp TUp TUp

TCM TCM TCM TCM TCM

ΣTCM

nCM
MCM = MTTR =

ΣTUp

nCM
MTBMCM = MTBF =

MTBMCM = Mean Time Between Corrective Maintenance
MTBF = Mean Time Between Failure MTTR = Mean Time To Repair
MCM= Mean active corrective maintenance time



Corrective Maintenance (CM)

Operable Operable

Total time, down for CM



Corrective Maintenance (CM)

Operable

MTBF

Total time, down for CM

MTWA MLDT

MTTRMTW

Operable

MTBF

MTWA = Mean Time Waiting Administrative
MLDT = Mean Logistics Down Time
MTTR = Mean Time To Repair 

MDTCM



Preventive maintenance
=

Planned stops



Preventive Maintenance (PM)

Time

Condition

Non-working
condition

Service Service Service Service

Planned stops



Preventive Maintenance (PM)

Stop for PM

Operable Operable



Preventive Maintenance (PM)

Down-time

Up-time TUp TUp TUp TUp TUp TUp

TPM TPM TPM TPM TPM

ΣTPM

nPM
MPM =

ΣTUp

nPM
MTBMPM =

MTBMPM = Mean Time Between Preventive Maintenance
MPM =Mean active preventive maintenance time



Improvement
maintenance



Improvement maintenance

Time

Condition

Non-working
condition

Service Service
Modification



Fault development



Time

Condition

Time

Condition

With PF-interval Without PF-interval

Fault development

P

F

Point where failure
starts

Functional failure



Time

Condition

Non-working
condition

Working
condition

Deterioration

Breakdown

Deterioration



Time

Condition

Non-working
condition

Can we detect this before
breakdown?



Condition Based Maintenance (CBM)



Some common condition indicators:
● Vibrations
● Particles (e.g. in gearbox oil)
● Sound
● Cracks

● Increased temperature
● Electrical effects

Condition monitoring



Depentability



Dependability

Production

Maintenance

$?Dependability



Dependability

Availability

Maintenance 
SupportabilityMaintainabilityReliability

Is the equipment 
stable and 
functioning?

How efficient is the 
maintenance 
organization?

How easy is it to 
maintain the 
equipment?

MTBF MTTR MTW
Technical system Organization



Availability

Down-time

Up-time TUp TUp TUp TUp TUp TUp

TDn TDn TDn TDn TDn

A = 
ΣTUp

ΣT



Availability

MTBM

MCM MPM

M

MTWA MLDT

MDT

MTW
Operable

MTBM

Operable

Down for maintenance



So, how to improve
reliability?



● Equipment design
● Preventive maintenance plan
● Condition monitoring

Improving Reliability (MTBF)



So, how to improve
maintainability?



● Component standard
● Modularization
● Poka-yoke
● Documentation
● Condition monitoring

Improving Maintainability (M)



So, how to improve
supportability?



● Spare part management
● Staff competence
● Method optimization

Improving Maintenance 
Supportability (MTW)



How to become a 
successful 

maintenance?



Successful maintenance

• Minimize breakdowns

• Minimize downtime

• Minimize rework

• Minimize inventory

• Minimize spare parts

• Minimize overtime

• Minimize accidents

• Reduce cost of 
maintenance system 

• Reduce the cost of 
reactive maintenance

• Improve reliability & 
availability

• Improve plant 
performance 

• Support new market 
opportunities

• Improve product quality 
to secure, or even 
increase the customers

Loss of Production 
(maintenance indirect 
cost)

Maintenance Direct Cost Volume Price

Reduce Cost Increase Revenue

Profit



The economical 
“iceberg”



Personnel
Material
Overhead

Cost of poor maintenance

Poor dependability and capacity

Waste of time and resources
through inefficient processes

Lack of teamwork and communication

Visible costs

Hidden losses

Easy to measure
Limited profit potential

Often not measured
High profit potential

The economical “iceberg”



So, what about
maintenance research 

at MDH?



● Implementation of CBM.
● Strategic maintenance development in manufacturing

industry.
● Reducing maintenance related waste.
● Data analytics in maintenace planning.

Maintenance research at MDH



Guest lecture: Dr. Ali Rastegari, Volvo GTO
Condition Based Maintenance


