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MAINTENANCE Definition

Maintenance (Moubray, 1997): The series of activities to ensure
that physical assets could continuously do what their users want

them to do properly

Source: Moubray, 1997
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Maintenance Objectives

Direct :

e Minimize loss of productive time

e Minimize repair time & cost

e Keep expensive productive assets in working
condition

e Minimize accidents

e Minimize total maintenance cost

e Improve quality of products

Indirect :

e Keep good reputation to maintain customer
loyalty

e Easyto getinvestor

e Comply with goverment regulation




Maintenance Evolution
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TYPE OF MAINTENANCE

PROACTIVE REACTIVE

Proactive
Maintenance

Reactive

Repair it at certain

Preventive : : Corrective
Maintenance - interval, despite the ] bl - Repair it after it breaks
actual condition Maintenance
Equipment condition
Pr.edlctlve b mom'to'rmg Failure Finding ™ - Functional Check/Test
Maintenance " Repair it only when

needed

- Redesign

L[l e Modification
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- Corrective Maintenance

4 N
/A\ - Early stage of Maintenance for all equipment in
!r 28 o/ industry
Pt -~ 7 - Alot of catastrophic failure
- . R\ ' A - Alot of downtime
’ i 4 i - Huge loss of production
. ‘ ; £ - Expensive recovery cost

N s it that bad ???
’ _ % i - Fit for small factory, where downtime is still

) acceptable, quick recovery for

— - :-f | 1":‘ repair/replacement with cost less than
. - ;7 i A preventive & predictive maintenance
*@__“‘" - Fit for equipments (event in the big factory) :

non critical (no impact to production loss), easy
v ; to replace, redundant i.e : light bulb, small
\% ! r.,, sump pump for drainage, instrument indicator,
¥ G exhaust fan
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Preventive Maintenance (Time based)

- Second stage of Maintenance type evolution

Advantages
Number of failure reduced
Increase safety
Easy maintenance budget expense forecast
Fit for equipment that can not monitored or not
cost effective if monitored by condition
monitoring technology

Disadvantages
Prone to initial failure/run in failure
Wasting something that may be last longer
High manpower and material cost compared to
predictive maintenance
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How to determine the preventive maintenance interval ?

Age-related Failures...
» Usually start from “Operation and Maintenance

Conditional Probability . \
of Failure Wear-out * Going back 20-30 years, the focus

«pZONe of matenance was fo oveshaul or Manual” from manufacturer that always “play safe”.
-= rﬁ*plwr:i:i Eﬁuipmenthefure it ] Manufacturer already tested their product and set
entered the ‘wear-out’ zone an . .
bring it back to an ‘as new’ the replacement interval in the “safe zone” based
Ll Uil on the failure statistic.
# This is the basis of ‘preventive .
M » Improved by several trial to extent the
e Preventive maintenance involves maintenance interval or adopt international best
EUEREIIE] G0 R EEIE U= practices to guess the more precise and longer
equipment and hence ‘preventing’ " e
failure Useful Life
i i » Only effective to prevent age related failure
Failure pattgms A BandC genera_ﬂy app!;f to simple items ::r?r equipment » Can not fight random failure. and event more prone
or complex items that have a dominant failure mode. The failures are ] .y e
usually characterised by erosion, corrosion, wear or fatigue etc. for equipment that have “infant mortallty failure
characteristic. That is where condition monitoring
Condition-based Maintenance versus Qverhaul/Replacement... rules the game

Overhaul or replace equipment For a periodic overhaul
before the end of its “life” or replacement, the

: assumption is that the
< “LIFE" equipment will not fail
before the end of its

Jife”

Conditional
Probability
of Failure




Predictive Maintenance

- “Process of monitoring a parameter of conditions in
machinery (vibration, temperature, etc.), in order to identify a
significant change which is indicative of a developing fault”

Advantages

- Number of failure reduced greatly

- Increase safety

- Give prediction when the equipment will fail from trending
thus give time for planning “preventing failure action”

- Very helpfull for manpower planning & inventory strategy

- Reduce maintenance cost by reducing maintenance task,
material usage, and manpower usage

- Fit for battling failure type as follow : random, run in

Disadvantages
- Can not implemented for equipment that does not generate
symptom to be detected by con mon technology, i.e:
instrument transmitter, normally open valve damage
- Expensive tools & need skilled manpower/engineer
Not fit for small industries with low capital
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How to determine the predictive maintenance interval ?

» The PdM interval shall less than P — F

, F interval in the P — F curve, not the actual
P-F Curve failure frequency, also not related to
Priority 5 Priority 4 .. . .
) criticality ranking
IFai"}::d Uttrasonic Energy  Vibration Analysis L"‘H?OJ? . : . .
i oA Biktochen % » P = potential failure, It is the condition
T where the fault or defect in the

equipment component already detected
and has the potential to fail in the near
future

» New definition of Failure, F = Functionally
Failure, it is not the equipment break
down, but whre the equipment “not
performing intended function anymore”

» The function check/test is not PdM task, it
is failure finding task. It is mean to
determine it is still ok or already fail, not
to predict when it will fail
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Purpose : for diagnosing mechanical & electrical faults in rotating machinery
y, oy -5
L
= "
! ‘-‘ f

Equipment

Detected Defect
Turbine

Generator
Gearbox

Unbalance

Bent shaft

Eccentricity

Misalignment

Looseness

Gear Defect

ar— — Bearing defect

B wnsinibect tong-isrm oparation stowstie B vitriion causes damags E | ect ri ca | f au It

Cavitation

Hydraulic & Aerodynamic force

Ryojap

Pump
Motor
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Purpose : for finding electrical hot spot in swicthgear and motor controller. Also used to find -
mechanical and process hot spot.

Equipment

Electrical connection
Transformer
Pump — motor bearing

.etc

Detected Defect

Hot bearing Rormet Pl s oirrasigate witin 6 1o 12 monifs

Finding hot spot MONITOR,

1 Meaenitaerimng conti ally this conditiaon, this matier can cause the
tcmpcr'ﬁturc wrill r.-rﬁ-u essively go up I:.-nﬁrrllnwh.' with the schedule
Loose Con nectors sparation it must, te eonduct repai

SIGHIFICANT DEVIATION.
Reguest arranges scheduls of ahutdown for an investigation and As

Blocked steam trap

Soon As Possible repair. Clean and Tighten all electrical connection was heated damage. Re
inspect after repair completed,

Valve passing

UNACCEFPTABLE DEVIATION.

Request shut down and INVESTIGATES IMMEDIATELY ., conduct
3 rapair or replace il regquired, Clean and Tightan all alectrical
eonmmction was haated damage, Re inspect after repair compleated,
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Purpose : for finding problem with lubricant, gearbox and recriprocating machine

Equipment

Turbine
CT Gearbox
LRVP Gearbox

Contamination Chemistry

Detected Defect

Impending failures of bearing (roller/journal)
Oil contamination

Abnormal gear wear

Particle contamination in oil

Oil oxidation

Wrong oil in use
Degraded lubricant
Fatigue
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Purpose : for determining the condition of the insulating oil as well as the diagnosis of anly problem condition that may
exist

Ty e oy P

\ i S g
1 Son e e L
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Equipment

Insulating Oil Quality Analysis Dissolve Gas Analysis Furan Analysis
- Breakdown voltage - Hydrogen
- Water content - Oxygen
- Neutralisation value - Methane
- Interfacial tension - CO, C0O2
- Ethylene
- Ethane
- Acythelene

- Combustible gases
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The inspection, which measure the wall thickness of pipe, are performed to prevent failure due to corrosion, and to guide
decisions regarding component life span / replacement.

Equipment
Steel pipeline RBI / PIMS / CUI

-

e« CORROSION RATE / YEAR
* REMAINING LIFE

-

THICKNESS OF PIPE / VESSEL
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Ultrasound analysis is very useful for detecting leaks and monitor or assisting bearing lubrication. Other than that, these
analysis can also be integrated into IR and vibration to detect mechanical and electrical defect.

Equipment

Turbine
CT Gearbox
LRVP Gearbox

Valves
Electrical equipment

Leak detection Mechanical Inspection Electrical Inspection
Valve leak Bearing damage Tracking
Steam trap leak Lubrication Arching

Corona
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Detected Defect

slip rings

[ Insulation condition of rotor & stator
winding

U Rotor eccentricity
O Looseness

windings inside slots to
produce magnetic field

(STATOR) (ROTOR)

ROTOR :
Rotor flux analysis, MCSA, shaft voltage

STATOR :
Partial Discharge (PD), End Winding Vibration, MCSA
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60
50
40
30
20

10

Maintenance Type Mixing in Industry

Type of Maintenance Among
All Facilities

55

33

12

Predictive Preventive Reactive

Type of Maintenance

Among Top Facilities
60

50 55
40
30 35
20

10
10

Predictive Preventive Reactive

Sumber : http://blog.schneider-electric.com/building-management/2015/07/09/realize-predictive-

maintenance-best-interest-building-budget/

@
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Engineering & Maintenance

This is condenser inlet valve, size
48", weight 5T, rubber seat
damaged.

How to remove this valve for
rubber seat replacement ?
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Engineering & Maintenance

“Good Engineering design that considering maintainability is the first factor for a reliable, easy to operate, and
easy to maintain geothermal powerplant.”
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RELIABILITY

Availability: Probability that the system is operating properly when it is
requested for use.

Reliability : Probability of the equipment could continuously operate
without any failures

HH.’! = @t = @-({tVm)

m or MTBF = total running hour/number of fail

UPTIVE
| :
Faluel Failure2 Failure3 Failure4 nspedion DOANTIVE

UPTIVE

@
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Reliability

Reliability of systems consist of several components

R.=R;{ XR, XxR3 X ... xR,

S
where R, =reliability of component 1
R, =reliability of component 2
and so on
R 1 R2 R3
90 .80 .99 R

Reliability of the process is

R, =R; xR, xR;=.90x.80x.99=.713 or 71.3%

Yo




Reliability

Approaches to Improving Machine Reliability

Overdesign - enhancing the machine design to avoid a
particular type of failure

Design simplification - reducing the number of interacting
parts in a machine

Redundant components - building backup components right
into the machine so that if one part fails, it’s automatically
substituted

QC
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Reliability

Calculation of Availability and Reliability

availability
rehability

total time 1n service mode during a defined period

total time 1n failure mode during a defined period

total time N maintenance mode during a detined period
total time 1n 1dle mode during a defined period

defined period
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Maintenance Management System

Having . ) .
comprehensive / Lowest
ITPM program Maximum and | maintenance cost
base on . efficient resource| at Maximum
. . consistence result! I | e
functional risk utilization availabilities &
and cost _ \ reliabilities
assessment -

Aim the best and

i

r—-

Master Maintenance Work ) Life Data

Quipment List ) \ Planning \Execution Analysis

Maintenance I\/Ianagement System (MMS) — Cross Functional Business Process Maps

I What To || Desianing The Work || Orchestrate | Do The
| Work On | | gning ‘ | Work ‘ Work

Did The Work Work?

2

Why Which Next Work? |
DS OLOCOS[: I+




Main Equipment List (Asset Register) -

Master Equipment List
v'Proper identification of plant equipment (usually using KKS code) What To
v All equipment registered in CMMS or ERP Work
v'Criticality ranking (System/Equipment Ranking and Prioritization) On?

v'Bill of Material (for material management)

&
-!_
Maintainable e
- equipment Maintainable
C@@ T { Equipment &
@;’ E Criticality
As built drawing Master Equipment

List

er

Non Maintainable
equipment
Asset registered
in ERP

DPS0L0C02[Tx




Reliability Centered Maintenance -

Reliability Centered Maintenance (RCM) What type
v' Assemble RCM assessment team (internal and consultant if needed) to work on
v' Conduct assessment using FMEA : Assess potential failure, failure mode, severity of and ?When

failure, probability of failure for equipment that critical to plant reliability and or
needed for legal compliance (SHE, government, insurance, etc). Then determine the
maintenance task to prevent the failure happen (daily, weekly, monthly, semi
annually, annually, include minor overhaul and major overhaul).

v" The result of Assessment : Maintenance tasks package for each equipment. This is
primary work identification.

v" The maintenance tasks package then uploaded to CMMS to generate Routine Work
order (Time based work order and predictive work order)

00809



Reliability Centered Maintenance -

What type
to work on

and when

f)
Master f

Equipment List
(MEL)

Planning &
Preparation

Maintenance
Strategy

Implement &
Monitoring

Maintenance
Planning & Work

Execution

&R GEO
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2nd : RCM

Example 1
Maintenance Package
Mechanic

What type

MAINTENANCE PACKAGE

MECHANIC

SO Main Steam

Seop Valve & Lelt

TMSVI01A Main Saeam

E‘“III Vale ' Left

Corwerting thermal ensigy
1 kinetis srergy

Izolste stemm from main
steam bne Lo turbine
casing

lzolate steam from main
steam e to turbine
oasing

| lsolate stenm froem main

TMSVI0A Main Steam

Seop Valve A Lelt

TMSI014 Maln Saeam

Sitop Vake W Lef

steam bne 1o urbine
casing

lzolate steam rom main
steam e to turbine
oasing

Unable to cormert
tatally or partially

Failed 1o closed

Faled o closed

F ailed 1o open

Faled o open

Production Loss,

Pracesz affected

High pressure in
tabine cazing

Loss genetation
[turbire canmot be

Rotor, comossion,
craak, logs of seal
fir, Fatiquie

At atorn
mafunction

Vale pin:

scaling

Vake spring:
inelasztic, valve zeac

Bctuaton
malfumction
Vale pin:
zealing
"I-Bh.":_" =

malfunction

Vake pin:

scaling

Vale spring:
inslastic, vake seat
dam: qe

Actuatorn
makunction

Vale pin:

soaling

Vake spring:

inela alve seat

Dimengional
Inspection snd
NOT, during

. n.cleaning [duing

ouverhaul];

| peretrant test B

=
& horication

eble |V ahe
| marnenance:
| Stroking, lubdicatio

n.cleaning [duing

overhaull;

pererant test &
iziial

eble | Valve bncation

to work on

and when
)

-:

MTC-Flotating | TA Job

MTC=5tatia

MTC-Static

MTC=Static

MTC—Static  |EAFMP-SME
Wi-B1dT1

@f-Js]-Tol-1@%%0



SUMMARY REPORT 2nd . RCM
MAINTENANCE PACKAGE - INSTRUMENT

What type

TOTAL EQUIFMENT SHOULD BE MAINTAINED
TOTAL MAINTENANCE TASK
COMPLETED MAINTENANCE TASK
TOTAL MAINTENANCE TASK TYPE
TOTAL WORK INSTRUCTION TYPE
TOTAL EQUIPMENT TYPE

EQUIPMENT MAINTENANCE PACKAGE COMPLETENESS

TASK

TASK

TASKTYPE

Wi

EQUIPMEN TYPE

MAINTENANCE TASK INTERVAL

I MONTHLY TASK
3 MONTHLY TASK
6 MONTHLY TASK
1 YEARLY TASK

2 YEARLY TASK

3 YEARLY TASK
SYEARLY TASK

6 YEARLY TASK
TOTAL

B 1 MONTHLY TASK
B3 MONTHLY TASK
| & MONTHLY TASK
W] YEARLY TASK
W2 YEARLY TASK
=3 YEARLY TASK
= 5 YEARLY TASK
W& YEARLY TASK

MAINTENANCE TASK STATUS

CURRENT
PROPQSED
RECOMMENDED
REJECTED
TOTAL

= CURRENT

W PROPDEED

B RECOMMENDED
®mREJECTED

Q02020809
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Reliability Centered Maintenance -

What type

to work on

and when
Mechanical RCM Output Schedule Plotting ?

100
90
80
70
60
50
40 Hour
30
20
10

By predicting the duration of each task and plotting in the schedule, we know the
work load in a year and next optimize and balancing the working hour each month.
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Precision Maintenance -
Precision Maintenance

v" “Remove uncontrolled variable to minimize result deviation against the target”

v' “Same standard of work execution, Consistent result (repeatable) and independent
from who do the jobs”

v Include requirement from other sections : Job Safety Analysis, work permit, etc

How to do
the work?

Reliability

Centered
Maintenance
(RCM)

Procedures & Work

T.fi Instructions

OM Manuals Training & Quality

& Standard Control
L% Maintenance
W Planning & Work
Execution
—
b5
Procedures Ii
Competent
Manpower

&R GEO
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Maintenance Planning -

Maintenance Planning (This is the brain of maintenance, who control all other section. A

MUST HA VE ) Orchestrate
v Manage CSMS for scheduling the work : The Work

* Primary works : Routine work order from maintenance tasks package from RCM

e Secondary works : process notification from routine patrol, plant inspection
report, audit finding, and predictive maintenance report (good corrective work),
and other notification such as trip/failure report, broken equipment report,
substandard condition (reactive work). This is secondary work identification.

e Schedule optimization (knitting work order from various section) for short term
and long term planning (daily, weekly, monthly, semi annually, annually, include
minor overhaul and major overhaul).

v’ Manage the resources : spare parts, tools, special tools, heavy equipment, labor

v/ Manage the historical records

v’ Manage the maintenance KPI

v Contract management : develop specification and close coordination with SCM for

spare parts and service procurement process

Q02020809




Maintenance Planning

MMS - Maintenance Planning Process

Maintenance Package Work Planning Work Scheduling
SMP, Qualified labor
From PM

Maintenanceé
Manageme

Reliability
Manageme
Cycle

Cycle

Continuous
Improvement Loop

Analysis/Assessment Work History Work Execution
To LDA & FRCA

#1110 -

Orchestrate
The Work
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Work Request Flowchart -

. No Rejection
Notification sﬁﬁi?;ﬁltlo 1. Incomplete info Orchestrate
/ 2. Duplication The Work
Y
& PRM Generated
by CMMS
Perform Work Planning
Backlog
1. In-adequate Resources Perform Work Scheduling
2. Operation
Planning & Scheduling
Other Work Need Work Execution
Process
\[o]
\[o] No
Work Work
completed? Accepted?
Yes Yes
LDA and FRCA Work Closeout
Process Closed

Yes Yes
Document

Work History complete?

oo
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Work Planning

Planning & Job Assessment

Notification

Work Center &
PM to develop

Procurement
Process

Visit to site with requestor &
Work Center to assess physical
work & SHE

No .
Doc & Drawing

available ?

Yes

Work Sequence

Work Center

Work Duration

No .
Material

Available ?

Tool / Equipt
Available ?

Yes

Required
Special PPE?

Yes

Cost Charging

Prioritization

Yes
Approval

No

\[¢]

e ) @ @

Purchase or
Rental

Purchase or
Rental

Scheduling

o=l @ I’

Orchestrate
The Work




Work Order
Prioritization

Fi Work Request

. Is this
an immediate safety
hazard?

Is this
a safety related
improvement?

an immediate,
_ environmental
impact? Was the
SHE departmen
notified

. Isthis an
environmental related
improvement?

Is this Prog'ect,
offline or Shutdown ?

Is this a major
production loss (>US$
25,000/hour)?

Is this a
moderate production
loss (> US$ 500/

our)?

S this a minol
production loss
(< US$ 500/hour)

Yes]

Yes

Yes

Yes

Yes

Can We control it?

Can We control it?

Priority 5

Priority 1

Priority 2

PRM / PdM
Generated froi
CMMS
Prio
Model

Yes

»* Does it need
immediate clean up
or attention?

-

WORK ORDER PRIORITIES

Below is the list of Work Order Priorities and definition of each that may
be proposed for Wayang Windu Operating Unit.

Priority 1: Emergency / Meets at least one of the following Criteria /
Requires Immediate Repair:

e

Priori

Putin
)
)
)

Priori
one o
)

Priori
criteri

Priori
relate

Immediate safety hazards that cannot be mitigated
Immediate danger of environmental concern
Company, local, or other regulatory requirements
Immediate danger of major production curtailment
Numerous, wells, equipments, or systems down
> US$ 25,000/hour lost production opportunity
ty 2: Break-in work / Meets at least one of the following Criteria /
ext Day’s Plan:
Safety hazards that have been mitigated
Isolated potential or contained environmental concern
Moderate production loss (> US$ 500/hour) or the danger of
possible production curtailment
ty 3: Proactive / Significant Corrective Work / Meets at least
f the following Criteria / 7 Day Planning Schedule:
Safety related improvements
Environmental related improvements
Minor (<US$ 500/hour ) lost production opportunity
Model Work Order generated from CMMS / PRM / PdM

ty 4: Other Corrective Work / Does Not meet any other priority
a: Within 30 Day Planning Schedule

9( 5: This is to be used for Project, offline or Shutdown Work
improvements / As Required

4th : MP

Orchestrate
The Work




Emergency Work Process -

Orchestrate
The Work

X, .\,\ W"
' c Address safety concerns @#

-
Review related resources ;
Assign the work % !| y (@_

Work Execution

Work History

Create Reporting
Notification

o
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Non Emergency Work Process -

Orchestrate
The Work

Work Planning Work Scheduling

-5 R

C_][_eate_ Work Execution
Notification Work History & Reporting

L X

E.‘ = ._':i_'

S -~ Accepted

e "

Not Accepted

ODDSO0L OSSO T




Preventive & Predictive Maintenance Work Process

%

F

Work Order Work Scheduling

generated by CMMS

Work Execution Work Execution
Work Planning  Create Work Order & Reporting & Reporting
Yes Corrective

Action

Need?
r 1

Work History

32020802

Orchestrate
The Work
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Work Execution -

Work Execution

v" Do the maintenance work orders as per planning schedule with SOP from Precision Do The
Maintenance process Work

v" Always comply with other dept. regulation : Work permit from Powerplant operation,
hazard control from SHE, etc
v" Fill the maintenance records
v Report the records
v Analyze and make suggestion based on actual work execution result :
e to precision maintenance for SOP improvement,
e to planning section for improvement on schedule, work duration and resources

020809



Maintenance
Planning And
Work Execution

Define Plant and/or
equipment target
RAM model

Life Data Analysis

Collecting Data

Plant and/or
equipment
reliable

Data Analysis

Plant and/or
equipment
un-reliable

Plant and/or
equipment
reliability report

Failure Root
Cause Analysis
(FRCA)

AGEO
2 CAP

Did The

Work Work
?



Root Cause Failure Analysis (FRCA) -

Root Cause Failure Analysis (RCFA)

> Further investigation to determine the root cause of significant failure W?)irdkwgrk
(frequent failure or severe failure) ?

» Recommendation for improvement to prevent the same failure recurring (can
be design change, additional maintenance task, change the maintenance
interv(al shorter, material change, etc)

» FRCA is not to find WHO to blame !!! But to seek system improvement

» May need assistance from subject matter expert

nalysis basiCs

Symptom of the problem.
“The Weed”

Above the surface
(obvious)

The Underlying Causes
“The Root”

Below the surface
(not obvious)

The word root, in root cause analysis, refers
to the underlying causes, not the one cause.

Q0D O02080S




Root Cause Failure Analysis (FRCA)

Life Data
I-'Iir ' Analysis
E (LDA)

Failure &
Incident report

FRCA Process Improvement

e
Inspection ;
Log
Master Equipment
List (MEL) &
Maintenance Planning (MP)

FRCA is not to find WHO (person) to blame !!!

[@1 But to seek system improvement to prevent same failure recurring

DSOLOCOS[ [+

ey CAP

Did The

Work Work
?
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