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History of Maintenance

BEM + PM + CM+ MP => PM Award

MTBF : Mean Time Between Failure
MTTR : Mean Time To Repair
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(Preventive Maintenance)PM &, Siy ¢ -

(Periodic Maintenance)PM ¢l s,93 ¢ ©

(Time Based Maintenance)TBMs SIS lie olol s O
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Breakdown Maintenance
Emergency Maintenance "
Reactive Maintenance
Run To Failure
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"LOCKOUT PRIOR TO MAINTENANCE"

LUBRICATION
s (1) Cneck luticator & fil as required with Tibol ATO-100LS.
8 (2) Grease robotas requred with Tribol MPG-00.
VISUAL INSPECTION

S [3] Msually inspect e robot, conoller, workesll and he surrcunding area
During he inspection make sure all safeguards are in place and he
work envelope is dear of parsomel.

0 [ Ensure cooling vave is open.
w Check leach pendant cable for excessive twisting. Urwind as required.
w Check ventilation porton convroller for dust and clean as required.
D Check hoses and $2tings for Sghiness and cracks. Repair as required.
D ﬂ Chedk Ip dresser culler blade for wear and repair or replace as required.
D [ Check batiery case cap to ensure it is secure and for prevention of contamination.
CRITICAL TOOLING
8 (10) Ihspect all flex caties in workcell for fafigue.
w Physically check wristfor excessive play.
w Chedk weld gun for wear & cracks or oher evidence of themd breakdown or damage.
s @ Dvess fps as schedule dicates.
8 (14) Recoed all nf on master cél mak sheel.
CLEANING
D Clean any residue hat may accumulale on rebol.
w Clean all isual containers, Le.; air, oil.
w
D

ENLARGED TO SHOW MAINTENANCE POINTS

oo HE

Clean teach pendants.
Clean Ip dressers.
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SDCA/PDCA Cycle

Kaizen
4
Kaizen 1\

QP Maintenance

@Q Maintenance
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MTBF and MTTR

{Mean Time Between Failures )

r

=
n=a tn ta+tb+te+td

MTTR= ——— = A

{Mean Time To Repair )

| t (ta) tz () ta (te) ta (o)
i) = C e C =) =0
Start mass production by molding
FE'““': DosUrrence ti--ta : Period of using the mold
epairing - . . !
Repairing completed (ta)~(td) : Repairing period

mn

= tn t1+t2+t3+ta

MTEBF = - = a

MTTR s MTBF Olsjen il =Y S
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Peralatan Produksi Six Big Loss Perhitungan OEE
T 1
E Breakdown Loss ) i
= Loading Time
Operating Time E Availability = - 100%
= 2 Downtime Losses
a Setup &
Adjustment Loss
o 3
Tearitical Process
@ Chokotei Loss -
Met Operating |% Performance _ cycle time ~ amount < 100%
Time T rate Operating Time
2 4
IE- Cycle Time Loss
E 3 Process Defect
Valuable E Defect Loss amount ~  amount
Operating (S Quality Rate = x 100%
Tirme - 5 Processes amount
: Startup Loss
=4
OEE = Availability x Performance Rate x Quality Rate
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Condition Based Maintenance Process

Internet
Wireless Link

Vehicle
Management Center

GCSSs-A
Server
Ofoard 3‘ %
CBM Toois
. & Daabases
=3
b : Onboard ,m Analyst

prognostic
denices

Military’s Work Orders:
Maintenance E-mail, Pager or
Control System & Phone Advisory
Work Order Transporzation and/or B2B Link
Control System
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Visible Costs Lo
§
§

- Malntenance Labar
+ Malntenance Parts
+ Outslde Contractors

TPM In A Nutshell

Total Productive Maintenance

Typical Practices

New Equipment
» Tearm-Developed Specs & Decisiong
o | *Close Coaperation Wilh Designers
» Teesl & Qualification Rung
+ Advance Traifing
= Good Planaing

c|a‘Ii|;)|"| & Trainip i v

Equipment Improvement
» Analyze Breakdown Dala
+Braingiom & Redesign As Required:
Siranger Campenanis
Rertarced Sinucues
Impeeed Circuitry, Solid Stabe Condrols

Planied Mainlenanes
+Inspect & Servica On Schedule
+ Use Predictive Techniques Ta Find

iipending Failures & Regair Them
+Plan Uggrades & Re-Designs

Quiality Integration
+ Shared Quality Respansibility
+ Maintenance Altends Quality Meetings
+ Maintenance Lisas TOM Taols Tor Analysis
+ Maintenance Lisas SPC chans for Diagnosis

Total Quality/Sixs,  { 40§ Theoretical Basis

Aulanerous Mainlenance
+ Operalors Inspect, Oil & Adjust
+ Train For Increased Resgansibiily
« Maintenance Ageists Major Repairs
«Operalor & Mechanics Talk Directly

The Dynamics
of TPM

Fewer

More Maintenance
Resources
)‘

Breakdowns
. Quality

Integration Planned

Equipment .
‘ Improvement
Morel Schedule v Malnt‘eﬂance ﬂ
Production & Predictability 2 - ‘

Improved m Autonomous .
Operator Malntenance Equipment
Improvement 58 b

{litudi
Kanban & ' Faster
Scheduling Response

Better

Quality
stralegosine.
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Compressor #2A
Set Point 100°F

DAIMLERCHRYSLER

APC Dept.

Week
Section 1
Body Shop E
Body Shop C
Canopy / Metal finish
TrimmingE

 Trimming C

Trimming / Final S
Final E o
Final C

Finishing

APC central room

Holidays

Boiy Shop room

Implementation room
 Trimming room

Final room

Week July August September October Novefnﬁ i ) DecembeL
Section 220 [ 30 | a1 | 2 | 23 | 34 | 9 |96 [ o7 [38 [ 39 ] 40 T a2 as | # |25 [ 46 [ 47 [ 48|40 [0 61 | 52 [ 58
Body Shop E A ) e T e} | 1al B s |
Body Shop C S A | = B ] | 0 B A Y T
CanopleTetslhrTsh | | A I | | | | |
inming i T 0 S . 0 S
Trimming C o B | ) |
Trimming / Final S | B o onl ]|
FinalE 8] ﬂ & ) I e [ [ | A |
Final C B | A | | | |
8 . s B .9 O W | B B L8
APC central room A B | A B A | | | | | 8| A |
Body Shop room Al | 8 — Tal | [ Ts® LA

Implementation room B [ | A | | | B | \ [Ta | | | B | | A
[Trimming room 78 | — A | | 8 | A | ‘ [ 8 | Al
Final room | B | A [ B A | B | | Al

|

|
Héiidays
Holidays

Note: B (Before)
A (After)
5/20/2005 Prepared : Widhy / 5S8-Schedule

} Audit is done directly when Team inspect



5S INSPECTION -

Person in charge : Nur Kismet

Inspection date : CW 15
i Location : Final C-Class
Reason : Low coordination

Action Period  :3

= )

\ J
‘m

2
8
| e
40
20
odd
2004

cwor  cwis

BEFORE

DAIMLERCHRYSLER

Picture of Deviation

*) CW : Calender Week

Widhy/5S/5S-Final-W203_8
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5S INSPECTION RECORD - AFTER DAIMLERCHRYSLER

Personincharge :Nur Kismet

Inspection week :CW17
8 Location : Final C-Class
Reason : Low coordination

Action Period :3 weeks

Picture of Deviation

Widhy/6S/5S-Final-W203_A
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Orne type of product, fived speed, one

or v chhoaorocteristics

Acvailability Q%5 _O0O%s
Perfaormamnce S5 D095

Crusa lity 99.95%;
O EE 200

NnNMoachine of few simifar parts,

wvaricable speed, few choraocteristics

Acvailability SO .D0%
Perfarmance SO 00%5
Cuua lity o8 .50%
OEE B0O%4

naoachine runs sewveral uniike parts,

Wi it cormponents feeding in, variable
speed, rmany charocteristics

Availability SO D0Ss
Perfaormance 25 .00%5
Crua ity o8 . O0%%
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l TPM POLICY

We at Umasons Auto Compo PV Lid. adopt
TOTAL PRODUCTIVE MAINTENANCE as
2 means 0 achiove customeor delight by

® Elminating wastage of matocial, offorts, and
resources by achieving perfection and consistency
In process and equipmont parformance.

® Achioving compiote rofabiity in quality and dolivery
commitments by olminating downtime and
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Ensure a robust product / process and its evolutions
Strictly comply with the standard operation
Dresing and maintmin production line

JUNJECT e e
T2yl n ._1’7
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e nw

Perform surveillance plan
Resohe quality p lems and carry out corrections
Do not accept any defects

[ B I N I PSS NS U g S

Design a product- = to minimize manufacturing time
Flasdrrime Che line BRlac ng parforrenos
Orptimize start-ups )

=

bl laen syl b oenlin ad g alga eloaza
adal Slae bt e S ange

Allocate materials to match orders

Respect and optimize the materials specifications
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Minimize the total cost of equipment
Make good use of equipment

el L inis i An
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Drevelop a flexible industrial system
Reduce lead time
Ensure consistent mix and volume

ailig oats Sl
ailie, dedod Cea® 5 e a ¥ il
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procducdon, of il .
and quanti aily supplies
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Dresign and manufacture
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Do not accept or forward
defective products
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Maximize performance
of workforce
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Minimize costs of materials
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Maximize equipment

economical efficiency

eslmaz oy Ay azegf | p2alE
S s
Increase our reactivity
to customer demand

ol r aelie Sale,
Keep to production schedule
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Reduce the size of manufacturing batc
Minimize work in progress and stodk levels between
processes
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- Mobilize everyone on common performance objectives
- Create win-win relatonship with suppliers
_
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Train and develop personnel

O ganize staff wersatility

Ensure logical career progressicn

Minimize stock levels
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WWork in partnership
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Dewvelop skills
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Ensure on going reduction of envire rrmmml inpact
Engame with local commuanite

Protect the ermvironment
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Manufacture the products
required in the moment required
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Empower people
and respect them
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Deployment
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Kaizen Basic Skill Training
Work Station Standardization (WSS)
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Start up 5 4 glel Types of loss due to equipment
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Extended task time L R P
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Management S e
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Organisation L Py -
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Measurement i
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The families of loss may be re-classified, detailed or completed depending on the field of application.
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Example: role of maintenance and manufacturing personnel in the « Autonomous maintenance » and « Planned maintenance » pillars
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5. Just-in-Time

By improving machine open times,
wge VT uile 2 gug TPM has a positive impact on
Spd oo Al a0 Sgup process flow times

4. Quality improvement ¥ h

CodS dgup f

Improvements te machines
contribute to preduct qualicy
improvements -
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1. Training
Teaching the basics of
maintenance is part of
workshop mamagement
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1. Continuous improvement The 505 describe
In a2 TPM context, a kaizen project autonomous maintenance
may be implemented to eliminate and planned maintenance
various causes of loss opertatons
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zation Improvement
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3. Quality Focus & Robust Processes and Products
3.2 Robust Processes & Products and Preventive Quality Assurance
3.2.1 Total Productive Maintenance (TPM)

Wl 08 iy y25 Y, 05leds 3, Ko S5l Ve 5l SO e TPM

Quality Feedback Loops on the Shop Floor

Root Cause Analysis

Boundary Samples
Quick Issue Detection & Correction (3.1)

Quality Alert System/Q-Stop/Ma. Stop

Quality Alerts/Prod. Info. Boards

Approval for Series Production

Total Productive Maintenance

Error Proofing

Quality Focus
and Robust

Mistake Proofing

Processes and
Products (3)

SPC

. Certification/Audit
Robust Processes & Products and Preventive ertification/Audi

Quality Assurance (3.2)

Process Audit

Single Point Lesson

Problem Solving Process

Process FMEA

Monitoring of Test Equipment

Quality Agreements
Customer Focus (Internal & External) (3.3)

Customer Quality Measurement Method
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Implementation stages

Stage 5

Stage 4

Stage 3

(YY=Y )15503): TPM (g5l 03y Con 3u Mgi pinmamns (63aiuy aoli g ¥, Y #,Y,¥F

Stage 8

Stage 7

Stage b

Continue to improve stages
Stage 12 4to 1

Review maintenanceinspection
Stage 11 measures based on experience
gained
Start to carry out maintenance
and inspection according to nlan
Train employees
Stage 9 Document training levels
Certify skills

Organize maintenance and E'r’g” gr;eaipgglgance times
inspection process prEEare spare pans

Prepare maintenance and Manually (old depts)
inspection plans (checklists) Lising 151 {new depts)

Obtain ElgrEEﬂlEI'lt hetween "“"WWhio does what maintenance jub?"
production and maintenance

Stage 10

Prepare maintenance and *+— - Scope of cleaning

inspection measures - Scope of lubrication

Document deficiencies Measure and - ocope of mechanical wark
Establish and implement display - Scape of electrical work

corrective actions

progress and - Try out measures on the
results plant

Acceptance process on new lines - Set priorities
Spring cleaning on old lines - Estahlish maintenance
Obtain manufacturer documents cycles

Collect information from Stage 2
operators and maintenance

Inform employees

Establish

TPM organization

Time

TPM 6Jbbju@>ﬁ@fwésw 6L@,al§}4.aljﬁ:\\'—\‘)\>j“$
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Condition Based Maintenance
Time Based Maintenance
Usage Based Maintenance
Time and Usage Discard
Run-To-Failure

Failure Finding Test
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6 Pillars of Business Centred Maintenance

Early nvolve High 'mpact
Equipment Operators in mprove Teams to
Management Training to mprove Equipment Maintenance Improve Profit

and mprove Skils  Equipment  Management  Organisafion with Cost
Maintenance  of All People  Efectiveness  and Dally  Efficiency and Savings
Prevention nvolv ed (6 Losses)  Maintenance Efectiveness Detailed
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A business-centered approach to maintenance systems

Function . —r
‘| Business objective

Maintenance
objective Production
Correct as objective
necessary

Failure characteristics
Maintenance

control _.| Safety requirements

—| Longevity requirements

Administrative The strategic -

- =l asset acquisition poli
_ L » [structure thought process Life plans| o a Py
Personnel | - N
policy [} R = Plant structure
\' IH \ ot -
\5Work Preventive & -
planning system schedule [« —f_|Production
1 requirements
i Wo_rkJoa'a
Stores |- Resource / Budget forecast
policy . structure

Plant layout i
unions
contract labor availability

A BCM methodology
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Examples of BCM Effectiveness from Companies
who are Highly Productive

Category Examples of BCM Effectiveness

FI
(Productivity)

(Quality)

(Cost)

D
(Delivery)
S

(Safety/
Environment)

M
(Morale)

Labour productivity increased
Value added per person increased
Rate of operation increased
Breakdowns reduced

Defects in process reduced
Defects reduced
Claims/complaints from clients reduced
Reduction in Manpower
Reduction in maintenance costs
Energy conserved

Stock reduced (by days)

Inventory turnover increased

Zero accidents

Zero pollution

Increase in improvement ideas submitted

Small group meetings increased
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Maintenance productivity
(ratio of total maintenance cost

I Hierarchy of maintenance performance indices I

to measured output factors)

Maintenance organization efficiency

How organizationally efficient is the maintenance
department in carrying out the workload at optimal cost?

Maintenance effectivenass

Howv effective is the plant maintenance life

ding the user requirement?

in prowvi

plan
{ratio of preventive cost to measured output factors)

{ratio of labor cost to plant replacement value)

etc.

Work planning
efficiency

Stores
efficiency

Trade-force
efficie ncy

—— (%) Unplanned work
Preventive
——man-hours
per period

| Plant condition
Index (related to age)

—— Equipment integrity i

Availability

aetc.

Forward log (man weeks)
Average weekly trade-force size

— Job delay ratio

Planned work
Total work

| Percent planned work
completed per period
etc.

— Stockout costs

— Stock level

L— Turnover (%)

et
— Sickness

Total labor
cost per period

— Absentesism

Index internal vs contract
hours per period

— Overtime

Inter-trade flexi

lity index

— Performance

Prod-Main flexi

lity indesx

— Utilization

Material cost
labor cost

L— (%) Rework

——Wastage due to product quality

Injuries per period (safety)

ndex (safety)

Failures per period

A%



! g S Jlwliw! (& 9 Cowad

o ol b lad

YA



o les a4y Y Teile 5 Sligas gl (6 )l 5 jond s S Ths 3 Lalged aaliizy -
tr 4y 610l Al ¢y penlogi] o ygrasaS Lags 0yl VWAV £,50 12 TASYFFO
S, eNb! Jle g1y

@l Calo (Sod sl @l o poe pllas Ll ol ) adi ngas 5 ol 0t Jeallygies -
Cis Olhg Jawgs 0ol ol VYAV b 4 o il g DEA-DSM -PAM-0O0l. Lo

ISO 20815 (2008)

Petroleum, petrochemical and natural gas industries -- Production assurance and reliability
management

1ISO 17776 (2000)

Petroleum and natural gas industries -- Offshore production installations -- Guidelines on tools
and techniques for hazard identification and risk assessment

IEC TR 61508-0 (2005)

Functional safety of electrical/electronic/programmable electronic safety-related systems - Part
0: Functional safety and IEC 61508 (see Functional Safety and IEC 61508)

IEC 61511-3 (2003)

Functional safety. Safety instrumented systems for the process industry sector. Framework,
definitions, system, hardware and software requirements

IEC 61511-2 (2003)

Functional safety. Safety instrumented systems for the process industry sector. Framework,
definitions, system, hardware and software requirements

IEC 61508-7 (2010)

Functional safety of electrical/electronic/programmable electronic safety-related systems - Part
7: Overview of techniques and measure

IEC 61508-6 (2010)

Functional safety of electrical/electronic/programmable electronic safety-related systems - Part

6: Guidelines on the application of IEC 61508-2 and IEC 61508-3 (seeFunctional Safety and IEC

61508)

IEC 61508-5 (2010)
Functional safety of electrical/electronic/programmable electronic safety-related systems - Part

5: Examples of methods for the determination of safety integrity levels (see Functional Safety

and IEC 61508)

IEC 61508-4 (2010)

Functional safety of electrical/electronic/programmable electronic safety-related systems - Part
4: Definitions and abbreviations (see Functional Safety and IEC 61508)

IEC 61508-3 (2010)

Functional safety of electrical/electronic/programmable electronic safety-related systems - Part
3: Software requirements (see Functional Safety and IEC 61508)

IEC 61508-2 (2010)

Functional safety of electrical/electronic/programmable electronic safety-related systems - Part
2: Requirements for electrical/electronic/programmable electronic safety-related systems

(see Functional Safety and IEC 61508

IEC 61508-1 (2010)

Functional safety of electrical/electronic/programmable electronic safety-related systems - Part
1: General requirements (see Functional Safety and IEC 61508

IEC 60300-3-11 (2009)

Dependability management - Part 3-11: Application guide - Reliability centred maintenance
DNV RP-G101 (2010)

Risk Based Inspection of Offshore Topsides Static Mechanical Equipment - DNV Recommended
Practices

GUIDELINES FOR THE NAVAL AVIATION RELIABILITY-CENTERED MAINTENANCE PROCESS
IEC/EDIS 31010:2009(E)

Risk management -- Risk assessment techniques

1ISO 14224:2006(E)
Petroleum, petrochemical and natural gas industries — Collection and exchange of reliability
and maintenance data for equipment

va


http://www.mop.ir/portal/home/?news/32273/32387/40805/ISO%2020815%20(2008)
http://www.mop.ir/portal/home/?news/32273/32387/40803/ISO%2017776%20(2000)
http://www.mop.ir/portal/home/?news/32273/32387/40790/IEC%20TR%2061508-0%20(2005)
http://www.iec.ch/functionalsafety
http://www.mop.ir/portal/home/?news/32273/32387/40797/IEC%2061511-3%20(2003)
http://www.mop.ir/portal/home/?news/32273/32387/40795/IEC%2061511-2%20(2003)
http://www.mop.ir/portal/home/?news/32273/32387/40793/IEC%2061508-7%20(2010)
http://www.mop.ir/portal/home/?news/32273/32387/40789/IEC%2061508-6%20(2010)
http://www.iec.ch/functionalsafety
http://www.iec.ch/functionalsafety
http://www.mop.ir/portal/home/?news/32273/32387/40784/IEC%2061508-5%20(2010)
http://www.iec.ch/functionalsafety
http://www.iec.ch/functionalsafety
http://www.mop.ir/portal/home/?news/32273/32387/40783/IEC%2061508-4%20(2010)
http://www.iec.ch/functionalsafety
http://www.mop.ir/portal/home/?news/32273/32387/40781/IEC%2061508-3%20(2010)
http://www.iec.ch/functionalsafety
http://www.mop.ir/portal/home/?news/32273/32387/40779/IEC%2061508-2%20(2010)
http://www.iec.ch/functionalsafety
http://www.mop.ir/portal/home/?news/32273/32387/40777/IEC%2061508-1%20(2010)
http://www.iec.ch/functionalsafety
http://www.mop.ir/portal/home/?news/32273/32387/40775/IEC%2060300-3-11%20(2009)
http://www.mop.ir/portal/home/?news/32273/32387/40772/DNV%20RP-G101%20(2010)

ISO 55000:2014(E)
Asset management -- Overview, principles and terminology

NEPA 70B-2013

Recommended Practice for Electrical Equipment Maintenance, 2013 Edition

AGA X01084

LNG Preventive Maintenance Guide

ANSI/NEMA KS 3-2010

Guidelines for Inspection and Preventive Maintenance of Switches Used in Commercial and
Industrial Applications

NEPA 1915-2000

NFPA 1915: Standard for Fire Apparatus Preventive Maintenance Program, 2000 Edition
NEMA ICS 1.3:1986 (R2009)

Preventive Maintenance Of Industrial Control And Systems Equipment



http://webstore.ansi.org/RecordDetail.aspx?sku=NFPA+70B-2013&source=Preventive_Maintenance_landing_page
http://webstore.ansi.org/RecordDetail.aspx?sku=AGA+X01084&source=Preventive_Maintenance_landing_page
http://webstore.ansi.org/RecordDetail.aspx?sku=ANSI%2fNEMA+KS+3-2010&source=Preventive_Maintenance_landing_page
http://webstore.ansi.org/RecordDetail.aspx?sku=NFPA+1915-2000&source=Preventive_Maintenance_landing_page
http://webstore.ansi.org/RecordDetail.aspx?sku=NEMA+ICS+1.3%3a1986+(R2009)&source=Preventive_Maintenance_landing_page
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WWW.Mmainyenanceresources.com

www.maintenance-tips.com

WWwWw.maintenance-news.com

WWW.cmmscity.com

www.reliabilityweb.com
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http://www.mainyenanceresources.com/
http://www.maintenance-tips.com/
http://www.maintenance-news.com/
http://www.cmmscity.com/
http://www.reliabilityweb.com/

6- www.plant-maintenance.com

7- www.idcon.com

8- www.maintenanceworld.com
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http://www.plant-maintenance.com/
http://www.idcon.com/
http://www.maintenanceworld.com/
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20. Business Centred Maintenance Management-Growthcon international (pty)Ltd-South
Africa-2001

21. Mitiku Degu, Yonas and Srinivasa Morthy R.-Implementation of machinery failure mode
and effect analysis in Amhara pipe factior P.L.C, Bahir Dar, Ethiopia-America Journal Of
Engineering Research, Volume-03, Issue-01, pp-57-63, 2014

22. 1SO 55000, ASSET MANAGEMENT-OVERVIEW, Principles and terminology- first
edition, 2014
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http://www.irantpm.ir/

23. Measuring the True Value of Maintenance Activities- The Maintenance Excellence
Institute- www.pride-in-maintenance.com

24. RCM Handbook, Reliability Centered Sentence handbook, Naval Sea System come,US
Department of Defense, Washington DC 20301, 1983

25. IEC/FDIS 31010:2009(E) - Risk Management- Risk assessment techniques

26. Marcelo A. oliveira-Maintenance Management Based on Organization Maturity Level-
International Conference on Industrial Engineering and Operations Management-Pourtugal,
2012

27. RCM Guide- Reliability- Centered Maintenance Guide for Facilities and Collateral
Equipment, NASA, 2006

28. 1SO555000 Planning: A Guide to Getting Started, Cpperleaf, 2014Maintenance
Management Set- University of Surret, Guildford, UK, 2006

29. Management Manual: Guidelines for the NAVAL AVIATION Reliability- Centered
Maintenance Process, NAVAIR 00-25-403, 2003

AF


http://www.pride-in-maintenance.com/

