2/8/2026

Certified Maintenance & Reliability

Professional (CMRP) BOK
Guidance.Goursei=Rillar 2

Presented by

Dr. Motaz abd elsalam mohamed

SIVIRP |CMRP

Certified Maintenance & Reliability Professional

Pillar 2 - Manufacturing Process Reliability’
Concept & strategy

This subject area relates maintenance and reliability
activities to the manufacturing process of the organization
to ensure that maintenance and reliability activities improve
the manufacturing process.
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Pillar 2 - Manufacturing Process Reliability’

Concept & strategy
O\

Business
Success

(

Process Availability I

Maintenance i
delivers equipmen g %ﬁfeggzgss
reliability 3 /- reliability

Maintenance &
liability Perfection

Operational
Uptime i

SVIRP CMRP

" Certified

Pillar 2 - Manufacturing Process Reliability’
Concept & strategy

* Understand the applicable processes
* Apply process improvement techniques

* Manage effects of change to processes and equipment

* Maintain processes in accordance with applicable standards

and regulations
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Pillar 2 - Manufacturing Process Reliability ’

2.1 Understand the applicable processes

Document process flow

Understand proces
X &
Understand pecifications
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Pillar 2 —Manufacturing Process Reliability ’
2.1 Understand the applicable processes

A complete process understanding across all disciplines and at all levels of the
organization that influence the performance and safety can provide
tremendous Ji benefit.

Tremendous benefits
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Pillar 2 —Manufacturing Process Reliability ’
2.1 Understand the applicable processes

The ability to react appropriately to changing conditions in the process, not only
related to ones direct function but the impact on the total process provides real
time process control and optimization.

>4

The ability to \
react
appropriately

Real time
process
control and
optimization
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to changing
conditions in
the process

Pillar 2 —Manufacturing Process Reliability

2.1 Understand the applicable processes

Process understanding: E \/\)
NOT ONLY HOW TO: Q

Operate . \;\ =
\ / Methods for

= communicating

_ e
— i spyvesl | and documenting
S, Analyze continuous

improvement

activities in:
Troubleshoot M
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Pillar 2 —Manufacturing Process Reliability

2.1 Understand the applicable processes !e
Clearly defined : / /g (

N
Process
operating

procedures

Are helpful tools in communicating and documenting the desired
process performance

Quality
specifications

Certified
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Pillar 2 —Manufacturing Process Reliability

2.1 Understand the applicable processes !g

Process Mapping):

A Process Map is a
graphical
representation of the
steps involved in a
process or portion of a
process
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Pillar 2 —Manufacturing Process Reliability ’
2.1 Understand the applicable processes

Process Flow Charts : |

Process Flow Chart

» Visually represents process or stages of project.

* Provide common reference point for those
involved in project or procedure.

* Helpful point of reference to find errors in process or
project.

» Used to facilitate agreement of steps of process or
project o >

+ Leads to better understanding of process. /7 /Sl-v..RP‘CMRP
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Pillar 2 —Manufacturing Process Reliability ’
2.1 Understand the applicable processes

Every output measure has @ target value and a level of “acceptable”
variation (upper and lower tolerance limits)

SPC uses samples from output measures to zstimate the
mean and the variation (standard deviation)

T — A —

V X
i
EXAMPLE : Accepted clearance is1 mm(+- .05 &
— _SNIRP |CMRP
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Pillar 2 —Manufacturing Process Reliability

Standard Deviation :

alv.RP 'CMRP
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Pillar 2 —Manufacturing Process Reliability
2.1 Understand the applicable processes

Control Charts:

AN l@ A
\W¥, v Average) N
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\ SVIRP CMRP
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Pillar 2 - Manufacturing Process Reliability’

2.2 Apply process improvement techniques

e

Identify production losses

Establish continuous improvement process
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Pillar 2 - Manufacturing Process Reliability’

2.2 Apply process improvement techniques _ .
. Doo o
Production losses =

TOTAL AVAILABLE TIME (365 duys 1 24 hrars per day)

SCHEDULED HOURS of Production

UPTIME HOURS of Actual Production LELLILAS

BEST Producticn Rate

ACTUAL Production

ACTUAL Production

b1

"First time First Pass"

A
ZIJALITY LOSSES
Saleable Production AR ‘




2/8/2026

Pillar 2 - Manufacturing Process Reliability’

2.2 Apply process-improvement techniques

Produc,t/ime_s\,g; g Losses /
4’ b= (X

Overall Equipment Recommended Traditional
Effectivenzss Six Big Losses ( Six Big Losses The Six Big Losses are a

N = 3 5 very effective way to

Unplanned Stops Equipment Failure categorize equipment-

Availability Loss ey :
Planned Stops Setup and Adjustments

hased losses

) Small Stops
Performance Loss R —
Sfow Cycles Reduced Speed

f’- \

Production Rejerts Process Defects

Reduced Yield _SWIRP CMRP
&R y F
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Quality Loss B
Startup Rejects

L\ /4
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Pillar 2 - Manufacturing Process Reliability’

2.2 Apply process improvement techniques

Production losses example from production workshop

reduction in expected quantity or
quality of output compared to
potential, caused by inefficiencies,
defects, environmental stress, pests, or
damage

14. Yield loss

15. Energy loss

SNIRP|CMRP
16 jig & tool loss Certified e & Reliability
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Pillar 2 - Manufacturing Process Reliability’

2.2 Apply process improvement techniques
=

3

Overproduction

1

Transportation
1. P

eliminating these helps Waiting
maximize value while

minimizing resource loss.

e
Z
e

<
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Developed as part of the Toyota
Production System (TPS) to
identify non-value-adding
activities

/00 Inventory
b

)
)
)
\ Over Processing ]
]
Motion ]

Defects

Pillar 2 - Manufacturing Process Reliability’

2.2 Apply process improvement tec

Steps to Manufacturing Excellence:

Determine where you are as compared to the best.

Determine where your losses are

Compare your practices to best practices.

SNIRP CMRP
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Pillar 2 - Manufacturing Process Rellablllty’
2.2 Apply process improvement techm?u
Store nstall/

perate
f ) m (‘Like astore) startup ﬁ With car

Rate losses & downtime

Linvzesfeel el Minimum unit cost of
Injuries (& Env. Events) roduction on
Source: Andrew Fraser, p "'.DRP ‘ CMRP
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Steps to Manufacturing Excellence:

Maintain
With precisi

Pillar 2 - Manufacturing Process Reliability’

2.2 Apply process improvement techniques

The implementation of process improvement techniques is an important
cornerstone for all reliability efforts.

They should incorporate best practices at all levels of business performance
and include:

@f e
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Pillar 2 - Manufacturing Process Reliability’

2.2 Apply process improvement techniques

The key to establishing and sustaining improvement techniques is to
involve the people who :

Certified Maintenance & Reliability Professional

Pillar 2 - Manufacturing Process Reliability’

2.2 Apply process improvement techniques

The establishment of these improvement techniques must be:

—

Focused around the business plan and goals for the organization

Include sustained workforce excellence

Include quantitative organizational performance assessments

owviRP CMRP
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Pillar 2 - Manufacturing Process Reliability’

2.2 Apply process improvement techniques

Many organizations have adopted various tools from ISO (International

Standards Organization) standards to a Total Productive Maintenance

operational approach in order to establish comprehensive

process improvement techniques.

SIVIRP CMRP
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Pillar 2 - Manufacturing Process Reliability’
2.2 Apply process improvement techniques

@g@ Improvement Cycle :

PREPARATION OF THE
——) IMPROVEMENT PROJECT ‘

CHEK OF THE RESULTS OF THE
IMPROVEMENT PROJECT

_SMRP|CMRP
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Pillar 2 - Manufacturing Process Reliability’

2.2 Apply process improvement techniques
PDCA Improvement Cycle :

Quality
Improvement

Time ) _SNRP CMRP

. . . . Certified Maintenance & Reliability Professional
Continuous quality improvement with PDCA ey e

Pillar 2 - Manufacturing Process Reliability

2.2 Apply process improvement techniques ‘@

PDCA Improvement Cycle :

CMRP

Multiple iterations of the PDCA cycle are repeated until the prob eegmasdsa!y,g,de.&Re,,ab,,,,yp,o,ess,ona‘
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Pillar 2 - Manufacturing Process Reliability’

2. ly pro i vement techniques
ISO 90012015 |Quality Management System

ISO 9001 is a standard that sets out the requirements for a quality
management system. It helps businesses and organizations to be
more efficient and improve customer satisfaction.

ISO
9001: 2000

I1SO 1SO

I1SO
9001: 2008 9001:2015

9007.:1994

I1SO
9001: 1987

«

Process
Approach
& PDCA

-

Process
- Approach
Action & PDCA

Development of|ISO 9001

Preventive
Procedures

)| CMRP

2 & Reliability Professional

Pillar 2 - Manuf ring Proc fability

2.2 Apply pracess improvemengtech iq%

’& LAN HECK
N !
<4 Context of *——) 51 i 4 6 Planning 7 Support ‘ 8 Operatil mﬁ \Mment
2 é
-~

AN Y.
| Understanding B Actions to 1 ous of Monitoring, Nonconformity
ﬂ L >{ ofthe Leadership and address risk > Resources | >\ /planning any \ b and c i
gans and control analysis and) action
| and its context | |_opportunity | :
an ol ni > — e
Expectations of = 5 ) bf i Coutth
o Qualhy poticy Quality [>] Competence | [ L/ products improvement
parties je Hpacsmes Internal audit
Roles, ion
Scope of b % of T
i mana.gr)'e = ilities I g of > Awareness 9_ lucts and /_\
Control of D review
—> s > Communication :mm N g _Q
g > ’;
Ls| Documented ;“r’vdm"f'm e
information rovision _|
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Pillar 2 —Manufacturing Process Reliability

2.2 Apply process improveme iques !2

Total Productive Maintenance (TPM)
What is TPM ?

Total Productwe Maintenance (TPM) is a holistic approach to maximize equipment effectiveness

engaging all employees. It eas1zes proactive and preventive practices m
(roletects, and serg acciens: ) =

What TPM Is Not =

It is not just a program run by the/Mmaintenance department. 1/’, ‘ ol
It is not a one-time workshop or event. N 4
@ +(Operators # Maintenance

It is not about eliminating the need for skilled trades. ="
It is not about turning operators into maintenance technicians.

SIVIRP |CMRP
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Pillar 2 — Manufacturing Process Reliability

2.2 Apply process improvemenr
Total Productive Maintenance (TPM)

1

Operator Maintenance Operator .Mlhbnaneo

@ We maintain
/ I fix
CMRP
Old Attitude TPM Attitude Reliability Professional

chniques
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Pillar 2 —Manufacturing Process Reliability

2.2 Apply process improvement techniques
Total Productive Maintenance (TPM)

TPM Principles: /

Increase Employee
— Overall involvement
. Equipment through small

Effectiveness group %
7 (o

Upgra‘de A fact-based
operations
and approach to

continuous

e improvement
Ckills ) i _SMRP CMRP

Certified Maintenance & Reliability Professional

Pillar 2 — Manufacturing Process Reliability

2.2 Apply process improvement techniques
Total Productive Maintenance (TPM)

TPM Goals:

An effective
workplace
design

breakdowns

Zero
defects

_SNIRP CMRP

Certified Maintenance & Reliability Professional
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Pillar 2 —Manufacturing Process Reliability ’

2.2 Apply process improvement techniques
Total Pro ive Maintenance (TPM)

TPM 8 Pillars

TPM Goals:

Zero Defects, Zero Breakdowns,
Zero Accidents

Autonomous Maintenance X
Planned Maintenance
Focused Improvement
Early Equipment
Management
Quality Maintenance
Education & Training
TPM in tho Office
& Environmen
Management

58 &V I M / ill..‘ll ‘CMRP
e anagemem Certified Maintenance & Reliability Professional

Pillar 2 — Manufacturing Process Reliability ’
2.2 Apply process improvement techniques
Total Productive Maintenance (TPM) Six Big Losses
Overall Equipment " M =
Effectiveness (OEE) S Py L~
% Adjustments
Reduced Speed [
Overall Equipment Performance
Effectiveness - R /
Idling
b< Defects & l/

2

Rework
ShVIRP CMRP
Mp & Certified Maintenance & Reliability Professional
Yield Loss
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Equipment

Planned Production Time

owntime

<

Six Big Losses

2/8/2026

OEE Components

Availability >
Operating Time

Planned Production Time

Breakdowns per machine
CICELG R BN (stopped longer than 10 mins)
— less than once a month .
Setups & Setup/adj ttime — less
Adjustments [ mins

@;r than 9@

Net Operating
Time
N\

(W
s

Average t. ating loss
-50%
S —

Overall Equipment Effectiveness = Availability x Performance x Quality

Pillar 2 —Manufacturing Process Reliability

2.2 Apply process improvement techniques

SIPOC improvement madéed)

4

A
I
I
[

Process Outputs

Added Value)

Activities

VS

Achieve ideal cycle times Performance Rate
> Reduced (design speed); increa: @
Speed or more
Ideal Cycle Time x Output
Operating Time
N Minor Stops | Minor stoppages and idling ~C
& Idling per machine — under @ @reater than 95% )
. Defects&  Rate (including p Quality Rate ‘
Rework reworked) — less t@
Input — Vol. of quality defects
Input
L Startup & Startup yield 99% dr more of |
Yield Loss  lot

Throughput process ‘
- Greater than 99%

'rofessional

&~

RIP CMRP

itenance & Reliability Professional
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Pillar 2 —Manufacturing Process Reliability

2.2 Apply process improvement techniques
SIPOC improvement modéd|

(2

MRP

iability Professional

Pillar 2 —Manufacturing Process Reliability

2.2 Apply process improvement techniques !e

SWQOIT Analysis
Strengths
(areas you do well or advantages
ﬁ of your organization)
SWOT /

~(

-3

ARP CMRP
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Pillar 2 —Manufacturing Process Reliability ’

2.2 Apply process improvement techniques
Tools to improve: & generatie:ideass

o
/

» Brainstorming
+ Affinity diagram

» Fishbone / Cause and Effect Diagram

- Pareto £v Lo

» Failure Mode & Effects Analysi EA) /
+ Theory of constraint of Bottleneck analysis

. (Barrier analysisy
* Flow charts,

Value Stream Mapping — VSM

« SPC

SIRP CMRP
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Pillar 2 — Manufacturing Process Reliability ’

2.2 Apply process improvement techniques

Pareto Analysis
Isa Bar graph its bar

lengths represent count
and the bars are
categories.

The chart visually
indicates which
situations are more

significant

Count of Errors

Pareto Diagram

= 1000
r 900

500 A 800
; @“%Une $ - 700

400 -
_ - 600

500

( Trivial ManQ L 400

r 300

- 200
L 100 —® Cumulative %

- 0.0

N Count

/ 7 Certined Maintenance & Rellability Professional
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Pillar 2 —Manufacturing Process Reliability ’
2.2 Apply process improvement techniques

Pareto Anatysis :
Pareto Diagram

600 A
* When to Use a Pareto Chart VitalFew /4——*— | w00
- when analyzing data about 500 g | 80.0
frequency of problems or 100 ’/
causes in process
- when there are many problems
or causes and you want to focus
on the most significant
- when analyzing broad causes
by looking at their specific
components
- when communicating with others
about your data

300 + : 50.0

200 -+

Count of Errors

I Count

—@— Cumulative %

Certinea maintenance & Rellabiiity Professional

Pillar 2 —Manufacturing Process Reliability

&~

[aY
2.2 Apply process improvg ent techniques
Six Sigmay ’SQS

Business Management and Process Improveynent Strategy QO\ rL

® Consistency is the Key, Variation is the enemy Q_(}\
7

@ Tooptimize the value adding iyities by removing variation and defec

6 Sigmma 3 Sigma
Upper

Lower Uppel ow!
Spec @ Spec S‘!E?:L Target Spec
Limit Limit Limit Limit
| \ B

CMRP

Reliability Professional

E
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Pillar 2 —Manufacturing Process Reliability ’

2.2 Apply process improvement techniques

Example:
Imagine-twqQ machines producing parts: / Jr\;p \ o=
. 2 —
m Produces 100 parts consistently every day. g ==

: Produces 50 one day, 150 the next, averagingw (2
-

P —

Both have the same averagebut Machine A is stable and predictable, while
Machine B is inconsistent. The average hides this difference.

Better Alternatives

Use median or mode when data is skewed.

Analyze range, variance, and standard deviation to understand spread.

Apply control charts (SPC) (statistical process control) to visualize stability over time.

Segment data instead of lumping it into one average. /."n-v..RP\CMRP

Certified Maintenance & Reliability Professional

Pillar 2 —Manufacturing Process Reliability ’

process improverr(;nt techniques

@ @V Sigma Lev:el_
@ @ SL-X

1= O

1= sigma score

The deceiving average : Average: ) sL= specification limit
X = the mean

Example: (O = the standard
. . . R deviation
* Planning Quality Indicator (Plan Vs Actual Job times)

Tumnargund Actual VS Plan Activities
Durations (Hrs)

uality Level Measurement)

Process C. ility of Ti Activiti ing

= SMRP

fliability Professional
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2.2 Apply process improvement techniques

Six Sigmay
D Improvement Process;

oNC

@)

Define Measure Analyze
What problems  Isit significant &  What's wrong &
& what is how we are doing how we can fix
important

2/8/2026

©
oG

Improve Control

Fixing what is Guarantee
wrong performance
& continuity
SVIRP CMRP

Certified Maintenance & Reliability Professional
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