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Presentation Coverage

* The connection between maintenance work quality and
the time to the next breakdown,

* Using the Taguchi Loss Function to explain why work
qguality is important,

e Effectively specifying and measuring maintenance work
quality requirements for shutdowns
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Shell’s Shutdown Success Indicators

® True Shutdown Duration
Total time taken from feed out to product back on grade

Feed _)duct on spec

® Length of Interval Between Shutdowns

Time between planned shutdowns

(from product on grade to feed out of two consecutive shutdowns)

S/D interval

P
N

»
»

Some ‘best’ numbers in Refining Source: Alberto Pasqualini refinery — Brazil
e Crude unit run 68 months (5-3/4 yrs)

e Crude unit “pioneer” run 90 months (7-3/4 yrs)
e Catalytic Cracker run 46 months (3-3/4 yrs)

Thanks to Jim Wardhaugh, UK Consultant (30 years with Shell and Centre of Excellence Leader)
Lifetime Reliability - Solutions
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Influence on Profitability

High [ Good Operaton—Sieadyandseble

Shutdown Avoidance — Degradation Mgmt

Strategy/Objectives to Reduce Maintenance

Minimise Size to Reduce Resources

_ow

3 2 1 0
Years to shutdown

Thanks to Jim Wardhaugh, UK Consultant (30 years with Shell and Centre of Excellence Leader)
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The Concept of a Quality Loss Function

OPTIMUM
SERV|CE Taguchi Loss Function

Lower Upper

specification specification
Loss Functions can limit limit
take a range of shapes
Target
value

Loss

Cost of
Loss/Waste

Minimum Loss

A Variable Factor
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Distribution of Work Quality Performance

Lifetime Reliability - Solutions

Frequency of
Outcome

»
»

TERRIBLE
RELIABILITY
(Early Life
Breakdowns)

TERRIFIC
RELIABILITY
(Exceptional
Service Life)

Maintenance
Work Quality
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Combining Work Quality and Loss Function

Lower  opTIMUM  Upper

Frequency of Outcome
Cost of Loss/Waste

A~ : >
TERRIBLE TERRIFIC

Maintenance
Work Quality

Minimum Loss
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Work Quality that Minimises Loss and Waste
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TERRIBLE TERRIFIC

Maintenance
Work Quality
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Work Quality that Optimises Reliability
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Work Quality
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Work Quality that Makes Money

O

&

S Lower  opTiIMUM  Upper

+— A E : E

2 !

O o -

- O ,

o O Ll

> = |

© 5 o

S o V.

S 2 =

o .

o O /s

= '\

N P2 AN QU A Y s

Minimum Loss s - . ! Soelo >
TERRIBLE TERRIBLE TERRIFIC TERRIFIC

Maintenance
Work Quality

Lifetime Reliability - Solutions i es . e
www.lifetime-reliability.com



http://www.lifetime-reliability.com/
http://www.lifetime-reliability.com/
http://www.lifetime-reliability.com/
http://www.lifetime-reliability.com/
http://www.lifetime-reliability.com/
http://www.lifetime-reliability.com/

Where the Money Comes from by
doing Quality Work
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Where Work Quality Problems Start

- Cramped
Space??

Compressed
Air??

. 1) The Technician does not understand!

2) The Supervisor does not understand!
' 3) The Engineer does not understand!
" 4) The Manager does not understand!
5) The CEO does not understand!

Exposed
Bearings??

Wrong
Gloves??

This company destroys their own equipment

- But they are all doing their best... how sad!

WV adl -
Emery ™
Cloth??

Polished
Bore??

Peen

Hammer??

Exposed
Bearings??

B Filthy
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Source: Smith, David J., ‘Reliability, Maintainability and Risk’, Appendix 6,
Seventh Edition, Elsevier — Butterworth Heinemann
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The Table confirms that ‘human element’ error is real and unavoidable. We do not perform well when
tasks are structured in ways that require great care and we perform especially badly under
Lifef complicated, non-routine conditions. Add stress into that that mix and you get disaster.
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Lifetime Relia

Maintenance Error Rates

Frror raie (per task)

Routine rask with care needed

Mate a connector wrongly

Fail to reset valve alter some related task
Record information or read graph wrongly
Let milk boil over

I'ype or punch character wrongly

Do simple anthmetic wrongly

Wrong selection - vending machine
Wrongly replace a detaitled pant

Do simple algebra wrongly

Read S-letter word with poor resolution wrongly
Put 10 digits mto calculator wrongly

Diul 10 digits wrongly

Complicated non-routine task

[Fail to notice adverse mdicator when reaching
for wrong switch or item

Fail 1o recognize mcorrect status in roving
inspection

New workshift — fail to check hardware, unless
specilicd

CGieneral (high stress)

Fail to notice wrong position of valves

Fail to act correctly after | min in cmergency
situation

In failure rate terms the incident rate n a j

fant is likely 1o be in the range

3 . ’
Read/ Plivsical

reason operanon
0.01
0.01
0.01

0.01
0.01-0.03

200 J <
Evervday

vardstick

.01

0.02

J o

.03
0.05
Q.06

Serious Failure

10 Losses

6500 Repairs (a failure)

20,000 Defect Modes

The Failure Pyramid

Not every error leads to failure

h N -
'

(general human error) to | X 107" per h (safety-related incident).

ot

Source: Ledet, Winston, The Manufacturing Game

20X 10 % per h

14


http://www.lifetime-reliability.com/
http://www.lifetime-reliability.com/
http://www.lifetime-reliability.com/

Probability of Work being Done Right
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Remember this ...?
We have a series process.

One fails ... all fails! One
poor ... all poor!

At 10 errors/100 0.9
At 1 error/100 0.99

Lifetime Reliability - Solutions
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Thelob | ..
B.Obz ~~~~~~~
— Task3 | —* Task 4

n X Bg X 34
T, 7T, 7T 777 T,

Rjop= Ry xRy x... Ry

x 0.9 x 0.9 x 0.9

x 0.99 x 0.99 x 0.99
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A Maintenance Job Plan

JOB PLAN TO INSTALL NEW BEARINGS IN
CONVEYOR PULLEY PLUMMER BLOCKS

1.Prepare for Job in Dirt-Free Work Area
2.Safe Isolation and Handover

3.Check Parts and Materials are Correct
4.Access Plummer Blocks and Bearings
5.Check Shaft Condition and Tolerance
6.Measure Bearing Internal Clearance
7.Measure Plummer Base Plate Accuracy
8.Locate Bearings on Shaft

9.Mount Bearings on Shaft

10.Position Plummer Blocks and Place Pulley
11.Complete Plummer Block and Seals Assembly
12.Align Plummer Blocks

13.Lubricate Bearing and Seals

14.Align Plummer Blocks and Bolt Down
15.Commission and Test

16.Clean-up and Hand Back

Lifetime Reliability - Solutions | o I~
Y s www.lifetime-reliability.com 16
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Job Plan as a Process Flow Diagram

Prepare Safe Check Access Check Measure Measure Locate Mount Posifion Complete Align Lubricate Locate Commission Clean-up
for Job in Isolation Parts and Plummer Shaft Bearing Plummer Bearings Bearings Plummer Plummer Plummer Bearing Plummer and Test and Hand
Dirt-Free and Materials Elocks Condition Internal Base on Shaft on Shaft Blocks Block and Elocks and Seals Elocks and Back
Work Area Handover and and Clearance Plate and Place Seals Eolt Down
Bearings Tolerance Accuracy Pulley Assembly
Caollect Make the Inspect Make the Check U=ze long Messure Put Dirive Position Fit bearng Align shaft. Partialhy fill Locate Test the Leave work
together all plant and each pulley safe shaft faalar housing adaptor bearing Plurmmer cap snd Shim far the Plurmmer pulley place clean
maternals, aquipmeant individual and dimensions gauges to support sleavas, into Blocks Taconite wartical Plummer Blocks with aperates and safe
tools, safe to item remove the st adaptor prove roller wertical bearings position. loosely on zasgls paosition. Block with comect comecthy
instructions waork on. comecthy Plummer sleave to outer slignment, and Fack mounts Tighten gresse and pulley
and Isolate and P matches | blocks and | locations e ring | levels and e rotsting | gressein onented e fed meke sure juf slignment.
information prove the parts list the for comect intemsl flatnass seal parts woids of comeacthy. besaring grease fully Use tum of
. Clean plantis and record bearings size and clearance meet on shaft both Lower into place fill=: nut method
area of dirt safe to quantities and tolerances meets standard comectly basarings shaft than Taconite in cross
snd dust work-on suppliad expose the standard assembly tighten Sesls sequance
shaft into place floating and tighten
bearing
into place

Failed Machine >>

Lifetime Reliability - Solutions

“One poor; all poor.”
“One wrong; all wrong.”

www.lifetime-reliability.com

>> Reliable Machine
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Chance of Success in a 16 Task Job Plan

Prepare Safe Check Access Check Measure Measure Locate Mount Position Complete Align Lubricate Locate Commission Clean-up
for Job in Isolation Parts and Plummer Shaft Bearing Plummer Bearings Bearings Plummer Plummer FPlummer Bearing Plummer and Test and Hand
Dirt-Free and Materials Blocks Condition Internal Base on Shaft on Shaft Blocks Block and Elocks and Seals Elocks and Back
Work Area Handover and and Clearance Plate and Place Seals Bolt Down
Bearings Tolerance Accuracy Pulley Assembly
Collect Mazke the Inspect Make the Check Use long Measure Put Drive Fosition Fit bearing Align shaft. Partialhy fill Locsate Test the Leawve work
together all plant and aach pulley safe shaft fasler housing sdaptor bearing Plummer cap and Shim for the Plurmmer pulley place clean
materials, equiprment individual and dimensions gauges to support sleeves, into Blocks Taconite wertical Plurnmer Blocks with operates and safe
toaols, safe to item ramove the at adaptor prove roller wvertical besarings position. loosaly on szgls position. Block with comect comectly
instructions work on. comecthy Plummer sleave to outer alignment, and Pack mounts Tighten grease and pulley
and P |=olate and P  matches  Pe| blocks and p| locations e ring - levels and e rotating e gressein || orented e - foeed b make sure el slignment. - L
information prove the parts list the for comect intemal flatness sasl pars woids of comactly. bearing grease fully Use tum of
. Clzan plant is and record bearings size and clearance meet on shaft both Lower into place fills nut method
area of dirt safe to quantities and tolerances meats standard comacthy bearings shaft then Taconite in cross
snd dust work-on supplied expose the standand assembly tighten Sesk sequence
shaft into place fioating and tighten
bearing
into place

VANYANRYA WA YA YA YA WA YA YA YA YA UYA WA NYANYAN

Each Activity has its own
T, T, T T, Quality Distribution

n

Bl BZ B3 B4 BS B6 B7 R8 59 BlO Bll BlZ Bl3 Bl4 515 516

Rjob= Bl X Bz T 516

Final Job Quality
Distribution is WIDE
TERRIBLE TERRIFIC

www.lifetime-reliability.com 18
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But this is a Job Plan, Not a Job Procedure

Prepare for Job in Dirt-Free Work Area
Safe Isolation and Handover
Check Parts and Materials are Correct
Access Plummer Block and Bearings
Check Shaft Condition and Tolerance
Measure Bearing Internal Clearance
Measure Plummer Base Plate Accuracy
Locate Bearings on Shaft
Mount Bearings on Shaft

. Position Plummer Blocks and Place Pulley

11. Complete Plummer Block and Seals Assembly

12. Align Plummer Blocks

13. Lubricate Bearing and Seals

14. Locate Plummer Blocks and Bolt Down

15. Commission and Test

16. Clean-up and Hand Back

R =R T e N

—
o

‘ilil!‘

il

Lifetime Reliability - Solutions = . L,
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This Job Procedure has 75 Non-Routine and
Compllcated Act|V|t|es

i W

1 ull " |'!

\w'} |

Lifetime Reliability - Solutions
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No Job Procedure... Human Error Dominates

Prepare for Job in Dirt-Free Work Area
Safe Isolation and Handover

Check Parts and Materials are Correct
Access Plummer Block and Bearings
Check Shaft Condition and Tolerance
Measure Bearing Internal Clearance
Measure Plummer Base Plate Accuracy
Locate Bearings on Shaft

Mount Bearings on Shaft

10. Position Plummer Blocks and Place Pulley
11. Complete Plummer Block and Seals Assembly
12. Align Plummer Blocks

13. Lubricate Bearing and Seals

14. Locate Plummer Blocks and Bolt Down
15. Commission and Test

16. Clean-up and Hand Back

bt R Mt ol R

TERRIBLE TERRIFIC

<
o www.lifetime-reliability.com
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The ‘Game’ of Business

Figure 83: Progression of a Process to Capability

Lifetime Reliability - Solutions . .
www.lifetime-reliability.com
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Carpenter’s Creed: measure twice, cut once

Get wood

Get wood

2?7

Cut wood

> Measure 1 > Mark wood
R=0.995
0.995
'\ » Mark wood
0.995
?2??

R

parallel

= 1-[(1- Rl)x(l' Rz)]

Cut wood

2?7

1 error every 200
opportunities
~1/wk

1 error every 5000
opportunities
~1 /20 wk

This is a ‘mistake proofing’ 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.

Lifetime Reliability - Solutions
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Answers are in the Human Error Rate Table

Error rate (per task) Error raie {per task)

Read/ Phvsical Every Read/ Phvsical Everyday
Feason aperafion vardsiick reason operanon vardstick
Simplest possible task ~ . Read analogue indicator wrongly 0.005
Fail to respond 1o annunciator 0.0001 5 SIgma Read [10-digit number wrongly 1.006
Overfill bath 0.00001 Leave light on ~4 'g 0.003
Fail to isolate supply (electrical work) 0.0001 Routine tastewith careneeded Sigma
Read single alphanumeric wrongly 0.0002 Mate a connector wrongly 9.01
|:| Read 5-letter word with good resolution wrongly 0.0003 Fail to reset valve alter some related task 0.01
- Select wrong switch (with mimic diagram) o » 0.0003 Record information or read graph wrongly 0.01
Fail to notice major cross-roads : 0.0005 lj" milk boil over _ - 0.0l
2 I'ype or punch character wrongly .01
Routine simple tash ~4 5 Sigma Do simple arithmetic wrongly 0.01-0.03
Read u checklist or digital display wrangly 0.001 ° Wrong selection — vending machine (.02
Set switch (multiposition) w rongly 0.001 Wrongly replace a detailed part 0.02
Calibrate dial by potentiometer wrongly 0.002 Do simple algebra wrongly 0.02
Check for wrong indicator in an array 0.003 SRR [ Read 5-letter word with poor resolution wrongly 0.03
I:l Wrongly carry out visual inspection Fo Rk Put 10 digits mto calculator wrongly 0.05
a defined crilerion (e.g. leak) 0.003 Tl 10ehgins weongly =
Fail to correctly replace PCB 0.004 Complicated non-routine task ~2 .
select wrong swilch among similur 0.005 - Fail to notice adverse indicator when reaching - 3 Slgma
for wrong switch or item 0.1
[ Fail 1o recognize incorrect status in roving
inspection 0.1
New workshift — fail to check hardware, unless
specified
Source: Smith, David J., ‘Reliability, Maintainability and Risk’, Appendix Gieneral (high stress)
6, Seventh Edition, Elsevier — Butterworth Heinemann Fail to notice wrong position of valves
Fail to act correctly after | min in emergency
situation 0.9
In [ailure rate terms the incident rate in a plant is likely 1o be in the range of 20 X 107% per h
= (general human error) to | X 107" per h (safety-related incident).
Lifetime Reliability - Solutions .
s www.lifetime-reliability.com 24
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What is Wrong with this Job Plan?

JOB PLAN TO INSTALL NEW BEARINGS IN
CONVEYOR PULLEY PLUMMER BLOCKS

1.Prepare for Job in Dirt-Free Work Area
2.Safe Isolation and Handover

3.Check Parts and Materials are Correct
4.Access Plummer Blocks and Bearings
5.Check Shaft Condition and Tolerance
6.Measure Bearing Internal Clearance
7.Measure Plummer Base Plate Accuracy
8.Locate Bearings on Shaft

9.Mount Bearings on Shaft

10.Position Plummer Blocks and Place Pulley
11.Complete Plummer Block and Seals Assembly
12.Align Plummer Blocks

13.Lubricate Bearing and Seals

14.Align Plummer Blocks and Bolt Down
15.Commission and Test

16.Clean-up and Hand Back

Lifetime Reliability - Solutions | . L
_A www.lifetime-reliability.com
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What is Wrong with this

Maintenance Work Instruction

Inspection?

[ Task List # | Various

*Roving Inspection 1:10 errors
*Defined Criteria Inspection 3:1000

for any repairs required.

Check on ion joint fo: xternal nd
Raise Subsequent Notification Maintenar NOTE. \

None of these task will prevent the pump
and piping from failing. These tasks find
failure after it has happened... and you

Lifetime Reliability - Solutions il as s
- www.lifetime-reliability.com

want a healthy, reliable pump set...!??
k Y, pump 26/
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Where Shutdown Work Quality Needs to Be!

(D)
- OPTIMUM
S Lower  RELIABILITY Upper
45! A : ! ::
@) 7p} . |
Y— 8 :I
o :
> ¥
O g )
S = /
$ o /!
o> 9 /
8 @) /
LL
Minimum Loss : >
TERRIFIC

Maintenance
Work Quality

Lifetime Reliability - Solutions 27
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Reliability Creating 3T Error Proof Procedures

Build Mistake Proofing into your SOPs I75 of falure
*Set a Target for each task. FPrevepnsion -
*Specify the acceptable Tolerance. I.'a/yel

*Do a Test to prove accuragy. Tk
+_JOVéyance

o . Jest
o
g Bantg,uc;flilt.ssser Quality
8 (Decreasing Value) X improvement
o occurs when
E,' ‘Good, Better, Best’ variation is
2 | ‘Bronze, Silver, Gold’ reduced
o To] ' /
for Quay:
al,
. rOOfT ity Output
Leey,, ' OSE
ab/'//'[- b == == mmmmmmmmmmmeaean >

Range of Possible Outcomes

Lifetime Reliability - Solutions . L
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Develop & Use Accuracy Controlled Error Proof
Procedures with Quality Standards to Meet

Tell people
how to fix the
problem

One Layout for an Accuracy Controlled 3T — Target,
Tolerance, Test — Failure Prevention Procedure
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How 3T’s Guide Workmanship Quality

As MAGNIFICENT as it needs to be As BAD as allowed
~
BEST BETTER GOOD
PASS / FAIL/
ACCEPT REJECT
- |
Perfect World Class Tolerance Certain
Result Target Limit Failure

How close to Right
is close enough?

Lifetime Reliability - Solutions 30
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3T’s Centre Work Quality at the Optimum

Only accept this range of outcomes
because they are what we want
1 T s, Best 47
Better i f Better
0 Good ] Good
) \ 4 /
(7)) \ N 4 /
3 Error Proof Procedures
— Optimise Process
Outcome Distribution
Maximum LOSS |- oo ccoommomoomooo o3
Minimum Loss oy g
R Work Quality
Tolerance : - : Tolerance
Target o Target

Lifetime Reliability - Solutions . s
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Remove the Variability in How a Job is
Done by Using Error Proof Techniques

Only accept this range of outcomes
~ because they give very low risk -

Th —— 4
1 1
1

»
»

Very Bad Outcome Very Bad Outcome

Number of Events

[

Range of Values of a Critical Parameter

By setting quality controls into a job you ensure the actions that create reliability are
done thereby greatly reducing the chance that a mistake will be made.

In the end... reliability is a quality control issue because
the standards you meet create the reliability you get
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Do Quality Work and You are Always Sure
to make Money
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