Reliability

Meets the necessary condition for LEAN

David JAuda CRE, CMQ/OE

AS@

The Globa of Quality™




Objectives

Presentation

A Raise awareness of the benefits of including Reliability
A Introduce the attendees to simple reliability calculations
A Offer a prescriptive approach to preventing possible problems

Materials

A Offer tools that are useful in improving capability
A Cost avoid issues rather than having to react to them later
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Motivation

A Necessary condition must be met
A Cost avoidance

A Greater effectiveness

A Greater efficiency

A Greater availability

A Greater capability
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Dynamic

Based on experience, most implementations of
LEAN are treated as unigue, without inclusion o
regard of Quality and Reliabllity. It is also noted
that in many enterprises there Is a mistaken
assumption that some how Reliabllity is
iIncluded in the (BoK but Reliabllity is a

aSLI NFGS RAAOBWMTRey S 6.
enterprise would be better served if Quality and
LEAN practitioners were managed by Reliability

engineers. Q!
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Agenda

A Definitions
A Value Streang Ideal single piece flow

A Simple Reliability/Availability calculations

A Improvement tools
I Theory of Constraints
I Risk Assessment
I FMEA (Failure Modes and Effects Analysis)
I RCM (Reliability Centered Maintenaice
I STPA (Systems Theoretic Process Analysis)
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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 vadded 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 . Q!
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Reliability

A The probability that arquipment/proceswill perform its
Intended function, without failure, operating under specified
conditions, and for a specified period of time

A The ability of an apparatus, machir{@erson)r system to
consistently perform its intended or required function or
mission, on demand and without degradation or failure.

Wission Effectiveness
=)
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Lean / & / Reliability

Key elements

LEAN

SIX SIGMA

Reliability

Fundamental principle

Optimize product flow

Optimize process

Optimize mission

capability success
Primary Emphasis Time & product Quality Overall effectiveness
(material)
Reduction of variation Time Product and process Equipment performance

attributes

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 VSM DMAIC FMECA/SPS
redominant

(P ) (Spare Parts Strategy)

Focus on mission Moderate Weak Strong

effectiveness

Focus on connecting Weak Strong Moderate

input variables to output

variables

Focus on turns, WIP Strong Moderate Weak
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LEANC Reliability

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.
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Necessary Condition

Must be there for the effect, the charge,
to be true. If absent, cannot occur.

.e.
No oxygen, no combustion
No seeds, no plants to grow

Car runs only If gas in tank
b2 NBf{AIFIOAfAGET [9! b FlFAEA 073
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Sufficient Condition

Whenever A is present, B will follow-
.e.
Decapitation Is sufficient for death.

Getting a B in the course is sufficient for
passing.

ol

ASQ



lllustration

prod:
nfrastructure SIVICeS

Manpower
Machines
Materials
Measures
Methods

Environment e!
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lllustration

' CD drive
R=0.9

Amplifier
R=0.999

Speakers
R=0.95

=
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Process Flow Diagram
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VSM Proposition




Theory of Constraints

/7 A

¢ch/ LINRY20USa da{eéadasSya
global optimizationnot localoptimization

I aeaiosyQa O2yaidN) Ay
The Five Step Focusing Process of TOC

Stepl: LRSYUATe (0KS {eadsSyQa /2y aiaNt A
Step 2: Decide how to Exploitth¢ @ a0 SYQa [/ 2y ai N} Ay
Step 3. Subordinate Everything Else to that Decision

Step4:9f SO 1S GKS {eausSyQa /2yaiaN) Ay
Step 5: If a Constraint Was Broken in Previous Steps, Go to Step 1

Dependent Events and Statistical Fluctuations Q!
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Improving Reliability

CD drive
q R=0.9

-

Amplifier
R=0.999

—>

R0 =R, .=0.854

Sys

Pump #1
R=0.9

Pump #2
R=0.999

Pump #3
R=0.95

Rsys:RlRZRB

R4ys=0.9999

Rsys: 1' U 1U 2U3
Where U=1-R
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Reliability Bathtub Curve

A
Failure
rate
A Useful life
{ } /
> |
early failure constant wear-out
period failure rate period failure period
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Reliability Bathtub Curve

Failure Rate

Decreasing Constant Increasing
4 Failure Failure Failure
Rate Rate Rate

Observed Failure
Rate

Early
"l

'1‘ Mortality"
*.  Failure

Const'ant {R:nda m)
Failures




Risk Assessment

Reguirements/Specifications
Team Staffing
Technology
Program
Manufacturability / Process Infrastructure
External Dependencies and Resources
Quality / Reliability / Legal

Q)
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Response to stimuli

Response Times

Excluded region
a0.150sec
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FMEA

Process FMEAS are not recommended for
mature processes.

A New PFMEA for the modified process

" Previous FMEAs may be inadequate

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

These need to beeam a effortwith an appropriateeam, to
capture the relevant practices

The new AIAG/VDA approach is not recommended

ol
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PFMEA exam

ple
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Failure N Mechan.lgm[S] of u I - Frewention Oetection e ¢ H. Action(=]
v . F ailure . -
7 |P1 AssemblepartAfoc B 0 0
P1.R1 muzst be properhy R1.1 failure to propely |M: no & [& |failed to follows training, S0P, |operatar
aligned align dicernable procedure Work obzervation,
effect at thiz Ingtructionz  |unrecowerakble dezign and
ztation, not fault implement a
detected until I ; fixture to
. 2 |24 | 48
later =taticn guarantse
rezulting in line proiper
ztoppage alignment
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PFMEA example

Potential | ° il
: Patential s Cause(s)/ e Current Current Process | 3 LS '™ jod
Item-Part {Process step Potential F ailure Mode Effect(s) of . « |ProcessContro Controls - 0 P.
Fawre | v |Mechanism(s)ofl 1y prevention | Detection [« | O | w | Acten®
8 Failure 3 )2 .
7 P1 AssemblepartAtoB 0 0
P1.R1 must be properly R1.1 failure to propely |I: no 6 |failed to foliow |4 training, SOP, |operator
aligned align dicernable procedure Work observation, gesign and
effect at this Instructions |unrecoverable implement a
station, not fault fucture to
detected until ~ [ guarantee
later station 2124 48 proiper
resulting in line alignment
stoppage
P1.R1 must be properly R1.1 failure to propely
g aligned akign P:none 1 4 2 [ieis
P1.R2 Must be torqued to spec|R2.1 under torqued M: no 1 |pneumatic 4 Pi schedule, |valid calibration 2| 4 8
discernable torque wrench calibration certificate to be
effect out of schedule, recorded at
calibration operational |beginning of
checks of shift.
calibration
cert at start
3 of shift.
P1.R2 Must be torqued to spec|R2.1 under torqued :’-aftﬂg::"?nd 10 S & | PM schedule. vahq caiibration | 2 [ 40 | 20
s i torgue wrench calibration certificate to be
potentiall fall out of schedule, recorded at
apart calibration operational | beginning of
checks of shift,
calibration
cert at start
of shift.
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Reliability Centered Maintenance Analysis

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

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

Extends beyond the results oFMEA

I Is the tool of choice for aew/mature process

I Includes the operator(s)

I Features a flexible and relevant ranking criteria

I Combines logistics, diagnosis time and repair times
I Includes spare parts stocking strategy

RCM will improve the reliability and availability of the assets as

6Stftf a NBRAzOS YI-)\yCléyl-yéé]é
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Overall Equipment Effectiveness

OEE/TEEP

Overall EquipmentEffectivenessT otal Effective EquipmentProductivity

Good
Planned losses | Operational losses Quality loss Speed loss pr(c))(()juct
B Scheduled time A :
C -
Includes FPY (First Pass Yield) '(|?EEEEF;£JA?C

Speed losses
Quality losses
Unscheduled downtime

Scheduled downtime QI
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Fallure Patterns
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Age
~ related
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Typical Distribution

% Workflows

Work Type Benchmark

0%y _ _ m _ o Reactive
40% B PM
20%+H I_’T L oO0PdM
il el i s
GDJ'IIE] ] | ] I

1988

PM =

1992 1997 2000 IDEAL
Year of Study

Preventive Maintenance

PdM = Predictive Maintenance Q
PaM = Proactive Maintenance
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Reactive Maintenance

The vicious cycle

Standards Drop

PM is Missed

Morale
Declines More
Preventable
Failures
Head / Budget
Reduction

Resources Taken
By Breakdowns

More Repeat Work Temporary Repairs
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Maintenance Distribution

Preventive Maintenance Study

»30% do not add value

»30% should be replaced by PdM
>30% would add value if re-written
> 10% add value as written

# of PM tasks \
)(
X -

# of PdM tasks
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Preventive Maintenance

Many equipment preventive maintenance
schedules are based on the manufacturers
recommendations.

A Are typically conservative

Y Preventive Maintenance can be invasive, and create
problems

A Have not been updated to reflect the

equipment use profile
Y Most capital assets are not being run per design
intent

A Many machines have not been installed

per the manufacturers requirements Q!

Y No IQ/0Q/PQ .
y No formal accreditation of asset to the manufacturing ASQ
floor



Software
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Fault avoidance High quality requirements
Fault detection Configuration control

Fault tolerance Robust integration testing Q!
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Decision

1st shift
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focus our resources on?
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Avallability

Inherent Availability (Ai)

A 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.

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

Achieved Availability Aa)

A 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.

A Preventive (scheduled) maintenance is included.

A Excludes logistics delay time and administrative delay time.

Operational Availability Ao)

A The probability that a system or equipment, when used under stated conditions in an
actual operational environment, will operate satisfactorily when called upon.

A Includes active maintenance time, logistics delay time and administrative Q!
delay time.
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Avallability

LetMean Time Between MaintenanceActions
(MTBMA) include preventive and corrective
actions.

then —  __ MTBMA
> MTBMA + MDT

WhereMDT=MeanDown Time
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Value Stream MapvsM)and Reliability Blocks
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RCM Flowchart




RCM Flowchart

Will
Failure on
It own affect
HSE
?

First hint of failure
Clear indication of

/ / failure onset

Functional failure

Pc F Curve /

Is there
An on-condition
Monitoring task
That would detect
The failure
?

Would this
Task be applicable
And cost

Effective
?

Condition

catastrophic

Implement .

Predictive T| m eA
(on-condition)

Maintenance task




