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Objectives

Presentation 
ÅRaise awareness of the benefits of including Reliability

Å Introduce the attendees to simple reliability calculations

ÅOffer a prescriptive approach to preventing possible problems

Materials 
ÅOffer tools that are useful in improving capability

ÅCost avoid issues rather than having to react to them later



Motivation 

ÅNecessary condition must be met

ÅCost avoidance

ÅGreater effectiveness

ÅGreater efficiency

ÅGreater availability

ÅGreater capability



Dynamic 
Based on experience, most implementations of 
LEAN are treated as unique, without inclusion or 
regard of Quality and Reliability. It is also noted 
that in many enterprises there is a mistaken 
assumption that some how Reliability is 
included in the Q BoK, but Reliability is a 
ǎŜǇŀǊŀǘŜ ŘƛǎŎƛǇƭƛƴŜ ǿƛǘƘ ƛǘΩǎ ƻǿƴ BoK. The 
enterprise would be better served if Quality and 
LEAN practitioners were managed by Reliability 
engineers. 



Agenda 

ÅDefinitions 

ÅValue Stream ςIdeal single piece flow 

ÅSimple Reliability/Availability calculations

ÅImprovement tools 

ïTheory of Constraints

ïRisk Assessment

ïFMEA (Failure Modes and Effects Analysis)

ïRCM (Reliability Centered Maintenance)

ïSTPA (Systems Theoretic Process Analysis)



Definitions

LEAN
An operational strategy oriented toward achieving the shortest possible 
Cycle time by eliminating waste. It is derived from the Toyota Production 
System and its key thrust is to increase the value-added work by eliminating 
waste and reducing incidental work

Quality
Subjective term for which each person has his or her own definition. In 
technical usage, Quality can have two meanings: 1) the characteristics of a 
product or service that bear in its ability to satisfy stated or implied needs, 
and 2) product or service free of deficiencies.

6s
Methodology that provides businesses with the tools to 
improve the capability of their business processes by 
increasing performance and reducing  process variation .



Reliability

ÅThe probability that an equipment/process will perform its 
intended function, without failure, operating under specified 
conditions, and for a specified period of time 

ÅThe ability of an apparatus, machine, (person) or system to 
consistently perform its intended or required function or 
mission, on demand and without degradation or failure.



Lean / 6s/ Reliability 
Key elements LEAN SIX SIGMA Reliability

Fundamental principle Optimize product flow Optimize process 

capability

Optimize mission 

success

Primary Emphasis Time & product 

(material)

Quality Overall effectiveness

Reduction of variation Time Product and process 

attributes

Equipment performance 

and repair times

Approach is by: Product family Strategic goals Critical equipment

Critical missions

Primary driver is: Cost reduction Cost reduction Cost reduction

Improvement structure 

(predominant)

VSM DMAIC FMECA/SPS

(Spare Parts Strategy)

Focus on mission 

effectiveness

Moderate Weak Strong 

Focus on connecting 

input variables to output 

variables 

Weak Strong Moderate

Focus on turns, WIP Strong Moderate Weak



LEAN ČReliability

Reliability meets the necessary condition 
for ideal LEAN implementation

When a LEAN value stream fails, all movement 
stops, and losses are multiplied, so unless the 
process, equipment and people are reliable, a 
true LEAN implementation is not achievable.



Necessary Condition

Must be there for the effect, the charge, 

to be true. If absent, cannot occur.

i.e.

ÅNo oxygen, no combustion

ÅNo seeds, no plants to grow

ÅCar runs only if gas in tank
bƻ ǊŜƭƛŀōƛƭƛǘȅΣ [9!b Ŧŀƛƭǎ ǘƻ ƳŜŜǘ ƛǘΩǎ Ƴƛǎǎƛƻƴ ƻōƧŜŎǘƛǾŜόǎύ



Sufficient Condition

Whenever A is present, B will follow-

i.e.

ÅDecapitation is sufficient for death.

ÅGetting a B in the course is sufficient for 

passing.



Manpower 
Machines
Materials 
Measures
Methods
Environment 

Illustration 

Infrastructure
Suppliers
Raw materials

products
Services



Illustration 

Infrastructure
Suppliers
Raw materials

products
Services

CD drive

R=0.9

Amplifier

R=0.999
Speakers

R=0.95



Process Flow Diagram
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=RCDRAmpRSp
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VSM Proposition



Theory of Constraints

¢h/ ǇǊƻƳƻǘŜǎ ά{ȅǎǘŜƳǎ ¢ƘƛƴƪƛƴƎέΥ 
global optimization(not localoptimization)

! ǎȅǎǘŜƳΩǎ ŎƻƴǎǘǊŀƛƴǘόǎύ ŘŜǘŜǊƳƛƴŜ ƛǘǎ ƻǳǘǇǳǘ

The Five Step Focusing Process of TOC
Step 1: LŘŜƴǘƛŦȅ ǘƘŜ {ȅǎǘŜƳΩǎ /ƻƴǎǘǊŀƛƴǘόǎύ
Step 2: Decide how to Exploit the {ȅǎǘŜƳΩǎ /ƻƴǎǘǊŀƛƴǘǎ
Step 3: Subordinate Everything Else to that Decision
Step 4: 9ƭŜǾŀǘŜ ǘƘŜ {ȅǎǘŜƳΩǎ /ƻƴǎǘǊŀƛƴǘǎ
Step 5: If a Constraint Was Broken in Previous Steps, Go to Step 1

Dependent Events and Statistical Fluctuations



Improving Reliability

CD drive
R=0.9

Amplifier
R=0.999

Speakers
R=0.95

Pump #3
R=0.95

Pump #2
R=0.999

Pump #1
R=0.9

Rsys=0.854

Rsys=0.9999

Rsys =R1R2R3

Rsys=1-U1U2U3

Where U=1-R



Reliability Bathtub Curve



Reliability Bathtub Curve



Risk Assessment



Response Times

msecs seconds minutes days

R
e
s
p

o
n

s
e
 t

o
 s

ti
m

u
li

Excluded region
å0.150sec



FMEA

Process FMEAs are not recommended for 
mature processes. 

ÅNew PFMEA for the modified process
ïPrevious FMEAs may be inadequate

ïReviewing historical FMEAs (if done right) can take more time 
than simply doing a new one.

ïThese need to be team a effort with an appropriate team, to 
capture the relevant practices 

ïThe new AIAG/VDA approach is not recommended



PFMEA example



PFMEA example



Reliability Centered Maintenance Analysis

RCM virtually defines the maintenance program for the 
asset, and defines the spare parts stocking strategy

Extends beyond the results of a FMEA
ïIs the tool of choice for a new/mature process

ïIncludes the operator(s)

ïFeatures a flexible and relevant ranking criteria

ïCombines logistics, diagnosis time and repair times

ïIncludes spare parts stocking strategy

RCM will improve the reliability and availability of the assets as 
ǿŜƭƭ ŀǎ ǊŜŘǳŎŜ ƳŀƛƴǘŜƴŀƴŎŜ ŎƻǎǘǎΧŀƴŘ ǘƘŀǘ ƛǎ ǎƛƎƴƛŦƛŎŀƴǘΗ

Developed by the US Navy and commercial airlines in the 
1960s and 70s to improve the reliability of their aircraft.  



Overall Equipment Effectiveness

OEE/TEEP
Overall Equipment Effectiveness/Total Effective Equipment Productivity

Includes FPY  (First Pass Yield)      

Speed losses

Quality losses

Unscheduled downtime

Scheduled downtime

Good 

productSpeed lossQuality lossPlanned losses Operational losses

A
C

B

OEE=A/B
TEEP=A/C

Scheduled time



Failure Patterns

ΧΦǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ ǾƛŜǿ ƻŦ ŦŀƛƭǳǊŜǎΧΦǘƘŜ ŎƘŀƴƎƛƴƎ ǾƛŜǿ ƻŦ ŦŀƛƭǳǊŜǎ

A B
C

D

E

F

Age 
related

Random
failures



Typical Distribution

PM = Preventive Maintenance
PdM = Predictive Maintenance
PaM = Proactive Maintenance



Reactive Maintenance

The vicious cycle



Maintenance Distribution
Preventive Maintenance Study



Preventive Maintenance

Many equipment preventive maintenance 
schedules are based on the manufacturers 
recommendations. 
Å Are typically conservative 
γ Preventive Maintenance can be invasive, and create 

problems

Å Have not been updated to reflect the 
equipment use profile
γ Most capital assets are not being run per design 

intent

Å Many machines have not been installed 
per the manufacturers requirements
γ No IQ/OQ/PQ 
γ No formal accreditation of asset to the manufacturing 

floor



Software

CHANGE

Fault avoidance
Fault detection
Fault tolerance

High quality requirements
Configuration control
Robust integration testing

Χƛǘ ƛǎ ƴƻǘ ǇƻǎǎƛōƭŜ ǘƻ ǇǊƻŘǳŎŜ Ŧŀǳƭǘ ŦǊŜŜ ǎƻŦǘǿŀǊŜ
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Decision

1st shift
Line AςǊǳƴ нлл ǇŀǊǘǎΣ сл ƴŜŜŘŜŘ ǊŜǿƻǊƪΧǘƘŜƴ слκнллҐ0.3 rework rate
Line BςǊǳƴ млл ǇŀǊǘǎΣ нф ƴŜŜŘŜŘ ǊŜǿƻǊƪΧǘƘŜƴ нфκмллҐ0.29rework rate

Line A

Line B

2nd shift
Line Aςмлл ǇŀǊǘǎΧ 0.4  rework rate (40 bad)
Line Bςнлл ǇŀǊǘǎΧΦ0.39 rework rate (78 bad)

ƎƛǾŜƴ ǘƘŀǘ ǿŜ ƘŀǾŜ ƭƛƳƛǘŜŘ ǊŜǎƻǳǊŎŜǎΧΦǿƘƛŎƘ ƭƛƴŜ Řƻ ǿŜ
focus our resources on?

Line A ǘǘƭ олл ǇŀǊǘǎΣ млл ǇŀǊǘǎ ǊŜǿƻǊƪŜŘΧǘƘŜƴ мллκолл Ґ0.3
Line B ǘǘƭ олл ǇŀǊǘǎΣ млт ǇŀǊǘǎ ǊŜǿƻǊƪŜŘΧǘƘŜƴ млтκолл Ґ0.357



Availability

Inherent Availability (Ai)
Å The probability that a system or equipment, when used under stated conditions 

in an ideal support environment, will operate satisfactorily at any point in time as      
required.

Å Excludes preventive or scheduled maintenance actions, logistics delay time and 
administrative delay time.

Achieved Availability (Aa)
Å The probability that a system or equipment, when used under stated conditions in an 

ideal support environment, will operate satisfactorily at any point in time.
Å Preventive (scheduled) maintenance is included.
Å Excludes logistics delay time and administrative delay time.

Operational Availability (Ao)
Å The probability that a system or equipment, when used under stated conditions in an 

actual operational environment, will operate satisfactorily when called upon.
Å Includes active maintenance time, logistics delay time and administrative 

delay time.



Availability 

Let Mean Time Between Maintenance Actions 
(MTBMA) include preventive and corrective 
actions.

then

Where MDT= Mean Down Time



Value Stream Map (VSM) and Reliability Blocks



RCM Flowchart
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RCM Flowchart
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