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Abstract

This research explains how to implement the Preventive
Maintenance Optimization (PMO) methodology as a new concept of
engineering management and puts a practical picture and modern application
to develop maintenance departments in terms of performance and efficiency.
This was done through a test and application at the Pasgianos soft drink
factory.

In this research, we sought to implement a targeted (PMO)
methodology to one of the most important machines in the production line of
soft drink in Pasgianos factory.

The (PMOQO) methodology focuses on faults affecting the most
common machine within the Pasgianos production line and the development
of a maintenance strategy to reduce these failure and reduce their likelihood
of occurrence.

In this study, were identified the problems that cause the machines to
stop continuously to avoid future recurrence and avoid them completely
using the tools and steps provided by the (PMO) method.

By applying the (PMO) method, we manage to reduce the downtime
and the economic cost, also increase reliability and productivity of the

system.
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CHAPTER ONE
INTRODUCTION



1.1 INTROUDCTION:

With the continuous evolution of the science and technology more
machines are continues to show up making our lives easier and more
enjoyable. Unfortunately, these machines cannot keep serving without
proper care and attention and here rise the importance of maintenance.

In general, maintenance is an action necessary for retaining or
restoring a piece of equipment, machine, or system to the specified operable
condition to achieve its maximum useful life.

The main point of maintenance is to make sure that the machine will
continue to work with high performance as long as possible. And to reach
this, new types and kinds of maintenance has been discovered and
developed.

There are five main types of maintenance each one of them has a
different time and a different stages but the same result.

These types are breakdown maintenance (BM), preventive
maintenance (PM), predictive maintenance (PdM), reliability-centered
maintenance (RCM) and preventive maintenance optimization (PMO).

Breakdown maintenance is maintenance that performed to repair the
machine after the failure while preventive maintenance is maintenance that
performed to prevent the failure of the machine before it is happen.

In other hand, we have predictive maintenance this type of
maintenance has two stages, first to predict when the failure might occur and
second to prevent the occurrence of the failure by performing the proper
action.

Reliability-centered maintenance is the type of maintenance that

determine the most effective maintenance should be applied. Reliability-



centered maintenance has been developed to become more effective and this
lead us straight to preventive maintenance optimization, which it is our

current research object.
1.2 Project Problem:

Pasgianos factory follow the traditional method of maintenance such
as breakdown maintenance which it depend on waiting the occurrence of the
failure then perform the corrective actions. Using this type maintenance have
series effect such as reducing the life cycle of the machine or equipment.
Also it reduce the reliability of the system and it require high cost, time and
effort.

1.3 Project Objective:

1- Analysis of failures
2- Select the proper type of maintenance
3- Make maintenance strategy

1.4 Scope:
Conduct the (PMO) methodology in a pasgianos factory for the

production line on Blow Mold and Filler machine.



CHAPTER TWO
Literature Review



2.1 Classify of maintenance

The guiding principle preventive maintenance is the regular and
systematic application of engineering knowledge and maintenance attention
to equipment and facilities to ensure their proper functionality and to reduce
their rate of deterioration. [1]

Before describe predictive maintenance and Reliability Centered
Maintenance (RCM) we should first know the old maintenance method and
the reasons that direct to develop new strategy for maintenance.

Breakdown maintenance was practiced in the early days of production
technology and was reactive in nature. Equipment was allowed to run until a
functional failure occurred. Secondary damage was often observed along
with a primary failure.

This led to time-based maintenance, also called preventive
maintenance. In this case, equipment was taken out of production for
overhaul after completing a certain number of running hours, even if there
was no evidence of a functional failure. The drawback of this system was
that machinery components were being replaced even when there was still
some functional lifetime left in them. This approach unfortunately could not
assist to reduce maintenance costs.

Due to the high maintenance costs when using preventive
maintenance, an approach to rather schedule the maintenance or overhaul of
equipment based on the condition of the equipment was needed.

This led to the evolution of predictive maintenance. It requires
continuous monitoring of equipment to detect and diagnose defects. Only

when a defect is detected, the maintenance work is planned and execute.



Predictive maintenance in the actual sense is a philosophy — an
attitude that uses the actual operating conditions of the plant equipment and
systems to optimize the total plant operation. It is generally observed that
manufacturers embarking upon a predictive maintenance program become
more aware of the specific equipment problems and subsequently try to

identify the root causes of failures. [2]
2.2 Preventative maintenance (PM)

Preventative maintenance (or preventive maintenance) is maintenance
that is regularly performed on a piece of equipment to lessen the likelihood
of it failing. Preventative maintenance is performed while the equipment is
still working, so that it does not break down unexpectedly.

Preventative maintenance is planned so that any required resources are
available.

The maintenance is scheduled based on a time or usage trigger. A
typical example of an asset with a time based preventative maintenance
schedule is an air-conditioner which is serviced every year, before summer.
A typical example of an asset with a usage based preventative maintenance
schedule is a motor vehicle, which might be scheduled for service every
10,000km.

Preventative maintenance is more complex to coordinate than run-to-
failure maintenance because the maintenance schedule must be planned.
Preventative maintenance is less complex to coordinate than predictive
maintenance because monitoring strategies do not have to be planned nor the

results interpreted[3]


https://www.fiixsoftware.com/maintenance-triggers/
https://www.fiixsoftware.com/run-to-failure-maintenance/
https://www.fiixsoftware.com/run-to-failure-maintenance/
https://www.fiixsoftware.com/maintenance-strategies/predictive-maintenance/
https://www.fiixsoftware.com/maintenance-strategies/predictive-maintenance/

2.2.1 Assets suitable for preventative maintenance
Include those that:
" have a critical operational function
" have failure modes that can be prevented (and not increased) with
regular maintenance
" have a likelihood of failure that increases with time or use
Unsuitable applications for preventative maintenance include those that:
" have random failures that are unrelated to maintenance (such as circuit
boards)

* do not serve a critical function

2.2.2 Advantages of preventative maintenance:

Planning is the biggest advantage of preventative maintenance over
less complex strategies. Unplanned, reactive maintenance has many
overhead costs that can be avoided during the planning process. The cost of
unplanned maintenance includes lost production; higher costs for parts and
shipping, as well as time lost responding to emergencies and diagnosing
faults while equipment is not working. Unplanned maintenance typically
costs three to nine times more than planned maintenance. When maintenance
is planned, each of these costs can be reduced. Equipment can be shut down
to coincide with production downtime. Prior to the shutdown, any required
parts, supplies and personnel can be gathered to minimize the time taken for
a repair. These measures decrease the total cost of the maintenance. Safety is
also improved because equipment breaks down less often than in less
complex strategies.

Preventative maintenance does not require condition-based

monitoring. This eliminates the need (and cost) to conduct and interpret
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condition-monitoring data and act on the results of that interpretation. It also
eliminates the need to own and use condition-monitoring equipment.
2.2.3 Disadvantages of preventative maintenance:

Unlike reactive maintenance, preventative maintenance requires
maintenance planning. This requires an investment in time and resources
that is not required with less complex maintenance strategies.

Maintenance may occur too often with a preventative maintenance strategy.
Unless, and until the maintenance frequencies are optimized for minimum
maintenance, too much or too little preventative maintenance will occur.

The frequency of preventative maintenance is most likely to be too
high. This frequency can be lowered, without sacrificing reliability
when condition monitoring and analysis is used. The decrease in
maintenance frequency is offset by the additional costs associated with

conducting the condition monitoring.[3]

2.3 Predictive Maintenance

Predictive maintenance is defined as a tool used to schedule
maintenance on the concurrent periods, and uses the vibrations and analysis
of oils infrared or continuous lubrication to determine need to take corrective
maintenance.

We used predictive maintenance to Monitoring detects degrading
conditions and Most cost failures result from degrading conditions.

A comprehensive predictive maintenance program utilizes a
combination of the most cost-effective tools to obtain the actual operating
conditions of the equipment and plant systems. On the basis of this collected
data, the maintenance schedules are selected.[2]


https://www.fiixsoftware.com/condition-based-maintenance/

It is very important that the management supports the maintenance
department by providing the necessary equipment along with adequate
training for the personnel. The personnel should be given enough time to
collect the necessary data and be permitted to shut down the machinery
when problems are identified.[1]

2.3.1 The benefits of predictive maintenance
1-Increase in machine productivity.

2-Extend intervals between overhauls

3-Minimize the number of ‘open, inspect and repair if necessary’ overhaul
routines

4-Improve repair time

5-Increase machine life

6-Resources for repair can be properly planned.
7-Improve product quality

8-Save maintenance costs[2]

2.3.2 Condition-based maintenance (CBM)

The basic concept of condition based maintenance is" if the condition
of the item can be monitored continuously or even frequently, PM actions
will be implemented only when failure is judged to be imminent"[4]

This philosophy consists of scheduling maintenance activities only
when a functional failure is detected.

The most Advantages that it allows for some lead-time to purchase
parts for the necessary repair work and thus reducing the need for large
inventory of spares increase production capacity.

A possible disadvantage is that maintenance work may actually

increase due to an incorrect assessment of the deterioration of machine.[2]



2.3.3 Techniques:

The specific techniques used depend on the type of plant equipment

and their impact on production or other key parameters of plant operation.[2]
These techniques are:

1. Vibration monitoring

2. Thermography inspection
3. Oil analysis

4. Electrical insulation

5. Ultrasonic, etc..[1]

10



TABLE (2.1) : Typical Predictive Techniques[1]

Monitoring Use Problem Detection
Techniques

Rotating-machinery 1-Misalignment
Vibration A-pumps 2-,imbalance,

,B-turbines, 3-defective bearings,

C- compressors, 4-defective rotor blades,

D- gear boxes 5-broken gear teeth
Fluid Analysis | A-Lubrication, 1-Excessive wear of

B-cooling, bearing

C-hydraulic 2-surfaces fluid

D- power systems contamination

A-Boilers, ,1-boiler refractory cracks,
Infrared B-steam system components, | 2- deteriorated insulation,
Thermography | C- motor controllers, 3-hot or cold firing

D- diesel engines cylinders

A-Motor and generator 1-Trends of electrical
Electrical windings, insulation condition,
insulation B-electrical distribution 2-reversed coils or turns

equipment

A-Hull structure, 1-Corrosion,
ultrasonic B-shipboard 2-erosion,

C-machinery and associated 3-fatigue

piping 4-cracking, delamination’s,

D-systems and mechanical
Components

wall

5-thickness reduction

11




2.4 Reliability Centered Maintenance (RCM):

A set of tasks generated on the basis of a systematic evaluation that
are used to develop or optimize a maintenance program[5].

A reliability-centered maintenance (RCM) is a process systematically
identifies all of the functions and functional failures of assets. It also
identifies all causes for these failures then it proceeds to identify the effects
of these failure modes and in what way those effects matter.

(RCM) considers all asset management options: on-condition task,
scheduled restoration task, scheduled discard task, failure-finding task, and
one-time change to hardware design, operating procedures, personnel
training, or other aspects of the asset outside the strict world of maintenance.

This consideration is unlike other maintenance development

processes.[6]
2.4.1 (RCM) phases:
(RCM) has three phases to it

The first phase is to identify the equipment that requires preventive
maintenance.
The second phase is to specify the different types of preventive
maintenance  activities and tasks, including predictive maintenance (PM)
techniques that need to be performed on the identified equipment.
The third phase is ensuring that the preventive maintenance tasks that were
specified are properly executed in a timely manner

It has been estimated that more than 60 percent of all (RCM)
programs initiated have failed to be successfully implemented.[5]

12



2.4.2 Cornerstones of (RCM):

1. Know when a single-failure analysis is acceptable and when it is
not acceptable.
2. Know how to identify hidden failures.

3. Know when a multiple-failure analysis is required[5]

2.4.3 SEVEN QUESTIONS ADDRESSED BY (RCM):

Fundamentally, the (RCM) process seeks to answer the following

seven questions in sequential order.

N o a bk~ DN

What are the functions and desired performance standards of each
asset?

How can each asset fail to fulfill its functions?

What are the failure modes for each functional failure?

What causes each of the failure modes?

What are the consequences of each failure?

What can and/or should be done to predict or prevent each failure?
What should be done if a suitable proactive task cannot be

determined?[7]

2.4.4 (RCM) Steps:
Step 1: Selection of equipment for (RCM) analysis

The first step is to select the piece of equipment for reliability

centered maintenance analysis. The equipment selected should be critical, in

terms of its effect on operations, its previous costs of repair and previous

costs of preventative maintenance.

13
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Step 2: Define the boundaries and function of the systems that contain

the selected equipment

The equipment belongs to a system that performs a crucial function.
The system can be large or small, but the function of the system, and its
inputs and outputs, should be known. For example, the function of a
conveyor belt system is to transport goods. Its inputs are the goods and
mechanical energy powering the belt, while its outputs are the goods at the
other end. In this case, the electric motor supplying the mechanical energy

would be considered as part of a different system.
Step 3: Define the ways that the system can fail (failure modes)

In step 3 the objective is to list all of the ways that the function of
the system can fail. For example, the conveyor belt may fail by being unable
to transport the goods from one end to the other, or perhaps it does not

transport the goods quickly enough.
Step 4: Identify the root causes of the failure modes

With the help of operators, experienced technicians, (RCM) experts
and equipment experts, the root causes of each of the failure modes can be
identified. Failure of the conveyor could include a lack of lubrication on the

rollers, a failure of a bearing, or a loosened belt.
Step 5: Assess the effects of failure

In this step the effects of each failure mode are considered.
Equipment failures may affect safety, operations and other equipment.
Criticality of each of these failure modes can also be considered.

14



There are various recommended techniques that are used to give this step a

systematic approach. These include:

Failure, mode and effects analysis (FMEA)

Failure, mode, effect and criticality analysis (FMECA)
Hazard and operability studies (HAZOPS)

Fault tree analysis (FTA)

Risk-based inspection (RBI).

o~ w0 D e

Step 6: Select a maintenance tactic for each failure mode

At this step, the most appropriate maintenance tactic for each
failure mode is determined. The maintenance tactic that is selected must be
technically and economically feasible.

Maintenance is selected when it is technically and economically

feasible to detect the onset of the failure mode.

Time or usage-based preventative maintenance is selected when it is
technically and economically feasible to reduce the risk of failure using this

method.

Step 7: Implement and then regularly review the maintenance tactic

selected

Importantly, the (RCM) methodology will only be useful if its
maintenance recommendations are put into practice. When that has been
done, it is important that the recommendations are constantly reviewed and

renewed as additional information is found[7]
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2.5 Preventive Maintenance Optimization (PMO):

(PMO) is a means of rationalizing all the Preventive Maintenance
work to ensure that all the work adds value and there are no duplications of
effort.[8]

2.5.1 Need of (PMO):

Taking any plant as a sample, we can notice that as the plant goes into full
operation more breakdowns occur thus more maintenance tasks would be
performed and others would be created. Unfortunately, many of these new
tasks only repeat the existed one.

Often, in an attempt to be seen to be doing something about high profile
reliability problems, maintenance personnel create and perform tasks
supposed to prevent the failures but in reality, serve no realistic purpose.

Performing all these tasks consumed the resources that available for (PM)
thus (PM) is missed.

The failures that should be prevented start to show up and more
unplanned maintenance performed, the maintenance program become out of
control.

The vicious circle of breakdown maintenance, temporary repair, and
reduced (PM) gains momentum and becomes well entrenched.

Management consultants started to reduce the staff and cut off the
budgets. The result is a huge pressure on the maintenance department and a
low performing plant.

Some of maintenance organizations start to use (RCM) in aim of
regaining the control but (RCM) is not a rationalization tool it consumes

excessive amounts of valuable resources.[8]

16



2.5.2 Step of (PMO):
Step 1: Task Compilation.
Step 2: Failure Mode Analysis (FMA).
Step 3: Rationalization and (FMA) Review.
Step 4: Functional Analysis (Optional).
Step 5: Consequence Evaluation.
Step 6: Maintenance Policy Determination.
Step 7: Grouping and Review.
Step 8: Approval and Implementation.
Step 9: Living Program.
STEP 1- Task Compilation:

What maintenance tasks are being undertaken by the operations and
maintenance personnel (task compilation)?

Task compilation is a simple matter of writing down what the people are
doing and listing the maintenance program functions into a database.
Step 2 - Failure Mode Analysis (FMA):
a) What are the failure modes associated with the plant being examined
(failure mode analysis)?
b) What is (are) the failure mode(s) that each existing task is meant to
prevent or detect?
¢) What other failure modes have occurred in the past that have not been
listed or have not occurred and could give rise to a hazardous situation?

A team of cross-functional members should identify what each

maintenance task is aimed for.

17



Step 3 - Rationalization and Failure Mode Review:

What functions would be lost if each failure were to occur
unexpectedly (functions)? [Optional question]

Using the data from failure modes, we can reduce the task duplication
and the wasted effort on it.

We may use the technical documentation or the experience of the
team to help creating this list.

Step 4 — Functional Analysis:

What happens when each failure occurs (failure effects)?

In this step, any lost function due to failure modes can be established.
This task is optional, and may be justified for analyses on highly critical or
very complex equipment items
Step 5 - Consequence Evaluation:

In what way does each failure matter (failure consequences)?

Each failure mode is analyzed to determine whether the failure is
hidden or evident. For evident failures, a further determination of hazard or
operational consequence is made.

Step 6 - Maintenance Policy Determination:

What should be done to predict or prevent each failure (proactive
tasks and task intervals)?

What should be done if a suitable proactive task cannot be found (default
actions)?

In this step, each failure mode is analyzed using Reliability Centered
Maintenance (RCM) principles. This step establishes new or revised

maintenance policies

18



Step 7 - Grouping and Review:

This step is about teamwork to produce more efficiency and
productivity.

Step 8 - Approval and Implementation:

The analysis must pass on the local stakeholders for the final review
and comment by performing a presentation and a report including data from
the (PMO) software.

Step9 - Living Program:

In this step, it is the intention to create an organization that constantly
seeks to improve its methods by continued appraisal of every task it
undertakes and every unplanned failure that occurs. To achieve this requires
a program where the workforce is adequately trained in analysis techniques
and is encouraged to change practices to improve their own job satisfaction
and to reduce the unit cost of production.

During this step, several vital processes for the efficient management
of assets can be devised or fine-tuned as the rate of improvement accelerates.
These processes include the following:

- Production / maintenance strategy,

- Performance measurement,

- Failure history reporting and defect elimination,
- Planning and scheduling,

- Spares assessing, and

- Workshop and maintenance practices.[8]

19



2.5.3 Functional Differences between (RCM) and (PMO):

1- (RCM) was designed to develop the initial maintenance program during
the design stages of the asset life cycle Whereas (PMO) has been designed
for use where the asset is in use.
2- (PMO) is a method of review whereas (RCM) is a process of
establishment.
3- (PMO) is far more efficient and flexible in analysis than (RCM).
2.5.4 Methodology differences between (RCM) and (PMO):

The central difference between (RCM) and (PMO) is the way in
which failure modes are generated.
1- (RCM) generates a list of failure modes from a rigorous assessment of all
functions, a consideration of all functional failures and then an assessment of
each of the failure modes that relate to each functional failure.
2- (PMO) generates a list of failure modes from the current maintenance
program, an assessment of known failures and by scrutiny of technical
documentation.

2.5.5 Strengths and benefits of (PMO) compared with (RCM):-
1-(PMO) is a method with enormous flexibility:

(RCM) analysis cannot regulate or filter which failure modes are
analyzed at which time therefore (RCM) analysis requires the presence of all
trades simultaneously as the failure modes come out in a rather random
manner.

With (PMO), it is possible to review the activities of a particular trade
on a particular piece of equipment or site because (PMO) begins with

maintenance tasks, which can be filtered on the field, trade.
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2-(PMO) is self-regulating in terms of investment and return:

(PMO) is highly effective where equipment has numerous failure
modes but where the vast majority of these are either random, instantaneous
or not of high consequence.

The other point here is that (RCM) would require the input of
specialist electronics engineers to define the failure modes properly whereas
PMO would require only the operators.
3-(PMO) is six times faster than (RCM):

The positive effect of deploying a process of maintenance analysis
that is six times faster than (RCM) for the same given outcome cannot be
overstated.

2.5.6 Weaknesses of (PMO):-

The only valid weakness of (PMO) compared to (RCM) for plants that
have been in operation for some time, is that (PMO) does not list the
complete set of failure modes. This may be important from a spares
assessing perspective. However, if the motivation for performing
maintenance analysis is to generate a focused and effective (PM) program,

then this weakness is irrelevant.[8]
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CHAPTER THREE
METHEDOLOGY



3.1 Introduction:

The fault analysis process is one of the steps necessary to neutralize
the quality of the machine and also helps in determining the quality of the
maintenance, and | help predict the expected failures and the processes
necessary to avoid them.

The fault analysis process helps in developing the strategy for preventive

maintenance, scheduling, and proper maintenance.
3.2 Failure modes and effects analysis (FMEA)

The (FMEA) is a proactive approach to solving potential failure. It is
an established reliability engineering activity that also supports fault tolerant
design, testability, safety, logistic support, and related functions.[9]

3.2.1 The purpose of (FMEA) :

The purpose of (FMEA) is to analyze the design characteristics
relative to the planned manufacturing process to ensure that the resultant
product meets customer needs and expectations. When potential failure
modes are identified, corrective action can be taken to eliminate or
continually reduce the potential for occurrence.[9]

3.2.2 Types of (FMEA)

The three most common types of
System FMEA

Design FMEA

Process FMEA

Service FMEA[10]

M w o
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3.2.3 (FMEA) Process

Priorities on the failure modes can be set according to the (FMEA)’s

risk priority number (RPN) system, a concentrated effort can be placed on

the higher (RPN) items based on the Pareto analysis obtained from the

analysis. As the equipment proceeds through the life cycle phases, the

(FMEA) analysis becomes more detailed and should be continued. [9]

3.2.4 Basic information required for the (FMEA) process.

1- What does the System do? Mission.

2- What is its function? Function

3- How could it fail to perform its function? Failure Mode.

4- What happens if it fails? Effect of Failure.

5- What is the Likelihood of failure? Occurrence (O)
6- What is the consequence of failure? Severity (S)

7- What is the predictability of failure? Detectability (D)
8- What is the Risk Priority Number (RPN)? (RPN = O x S x D) [11]

3.2.5 Failure Mode Analysis and Preparation of Worksheets

Table (3.1) : FMEA Worksheet
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B |lc | ol ol o | @ 9 Q % o | Y Q v Q 23
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Column 1: Item
e An “item” is the focus of the (FMEA) project.
e it consist a unique reference number to each item or just the name of
the item [12]

Column 2: Function
e A “function” is what the item or process is intended to do, usually to a
given standard of performance or requirement.
e There can be many functions for each item or operation.
Column 3: Failure Mode
e A “failure mode” is the manner in which the item or operation
potentially fails to meet or deliver the intended function and
associated requirements.
Column 4: Effect
e An “effect” is the consequence of the failure on the system or end
user.
Column 5: Cause
e A “cause” is the specific reason for the failure, preferably found by
asking “why” until the root cause is determined. .
e If a cause occurs, the corresponding failure mode occurs.
e There can be many causes for each failure mode
Column 6: severity
e “Severity” is a ranking number associated with the most serious effect
for a given failure mode

e Based on the criteria from a severity scale.[12]
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Table (3.2) : Severity ranking [10]

Rank

Description

1-2

Failure is of such minor nature that the customer (internal or

external) will probably not detect the failure.

3-5 | Failure will result in slight customer annoyance and/or slight
deterioration of part or system performance

6—7 | Failure will result in customer dissatisfaction and annoyance and/or
deterioration of part or system performance.

8-9 | Failure will result in high degree of customer dissatisfaction and
cause non-functionality of system

10 Failure will result in major customer dissatisfaction and cause non

system operation or non-compliance with government regulations

Column 7: Occurrence

e The probability that a failure will occur during the expected life of the

system can be described in potential occurrences per unit time.

Individual failure mode probabilities are grouped into distinct,

logically defined levels[10]
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Table (3.3) : Occurrence ranking [10]

Rank

Description

An unlikely probability of occurrence during the item operating time
interval. Unlikely is defined as a single failure mode (FM)
probability < 0.001 of the overall probability of failure during the

item operating time interval

A remote probability of occurrence during the item operating time
interval (i.e. once every two months). Remote is defined as a single
FM probability > 0.001 but < 0.01 of the overall probability of

failure during the item operating time interval

An occasional probability of occurrence during the item operating
time interval. Occasional is defined as a single FM probability >

0.01 but < 0.10 of the overall probability of failure during the item

operating time interval.

Column 8: Detection

Detection” is a ranking number associated with the best control from

the list of detection-type controls, based on the criteria from the detection

scale.

[12]
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Table (3.4) : Detection ranking[10]

Rank Description

1-2 | Very high probability that the defect will be detected. Verification
and/or controls will almost certainly detect the existence of a
deficiency or defect

3-4 | High probability that the defect will be detected. Verification and/or
controls have a good chance of detecting the existence of a
deficiency or defect.

5-7 | Moderate probability that the defect will be detected. Verification
and/or controls are likely to detect the existence of a deficiency or
defect.

8-9 | Low probability that the defect will be detected. Verification and/or
controls not
Likely to detect the existence of a deficiency or defect.

10 Very low (or zero) probability that the defect will be detected.

Verification and/or controls will not or cannot detect the existence of

a deficiency or defect

Column 9 Risk Priority Number (RPN)

e “RPN” is a numerical ranking of the risk of each potential failure

mode cause, made up of the arithmetic product of the three elements:
1-Severity 2- occurrence 3- detection
RPN=SEVERITY x OCCURANCE x DETECTION [12]

Column 10: failure rate

Failure rates for each failure mode are listed.
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e In many cases it is more suitable to classify the failure rate in rather

broad classes [13]

Column 11& 12: Controls
e “Controls” are the methods or actions currently planned, or are

already in place, to reduce or eliminate the risk associated with each
potential cause.[12]
Column 11: Prevention-type Controls
e describe how a cause, failure mode, or effect in the product design is
prevented based on current or planned actions
e They are intended to reduce the likelihood that the problem will occur,
and are used as input to the occurrence ranking.
Column 12: Detection-type Controls
e describe how a failure mode or cause in the product design is
detected, based on current or planned actions before the product
design is released to production, and are used as input to the detection
ranking.
e They are intended to increase the likelihood that the problem will be
detected before it reaches the end user
Column 13: Recommended Actions
“Recommended actions” are the tasks recommended by the (FMEA) team to
reduce or eliminate the risk associated with potential causes of failure
. They should consider
e Existing controls
¢ Relative importance (prioritization) of the issue
e Cost and effectiveness of the corrective action.

e There can be many recommended actions for each cause.[12]
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3.3 Pareto Analysis

Is a statistical technique in decision making that is used for the
selection of a limited number of tasks that produce significant overall effect.
It uses the Pareto Principle (also known as the 80/20 rule) the idea that by
doing 20% of the work you can generate 80% of the benefit of doing the
whole job. Or in terms of quality improvement, a large majority of problems
(80%) are produced by a few key causes (20%).[14]

A Pareto Diagram is a good tool to use when the process investigated
produces data that are broken down into categories and you can count the
number of times each category occurs.

A Pareto diagram puts data in a hierarchical order, which allows the

most significant problems to be corrected first[14]
Among the examples they give include:

« 20 percent of the input creates 80 percent of the result

« 20 percent of the workers produce 80 percent of the result.[15]
3.3.1 Pareto analysis benefits:

First is that it can categorize and stratify such things as errors,
defects, delays so we can identify different classes or types of problems.

Second, is that it graphically displays the results in a Pareto chart or
Pareto diagram so that the significant few problems emerge from the general
background. [15]
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3.3.2 Pareto chart

How to make:

1. Collect data about the contributing factors to a particular effect (for
example, the types of errors discovered during surgical setup).

2. Order the categories according to magnitude of effect (for example,
frequency of error). If there are many insignificant categories, they may be
grouped together into one category labeled “other.”

3. Write the magnitude of contribution (for example, frequency of error)
next to each category and determine the grand total. Calculate the percentage
of the total that each category represents.

4. working from the largest category to the smallest, calculate the cumulative
percentage for each category with all of the previous categories.

5. Draw and label the left vertical axis with the unit of comparison (for
example, “Number of

Occurrences of Error,” from 0 to the grand total).

6. Draw and label the horizontal axis with the categories (for example,
“Type of Error”), largest to smallest from left to right.

7. Draw and label the right vertical axis “Cumulative Percentage,” from 0 to
100 percent, with the 100 percent value at the same height as the grand total
mark on the left vertical axis.

8. Draw a line graph of the cumulative percentage, beginning with the lower
left corner of the largest category (the “0” point).

9. Analyze the diagram to indicate the cumulative percentage associated
with the “vital few” (for example, three error type’s account for 80 percent
of all errors). [16]
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3.4 Root Cause Analysis (RCA):

(RCA) are designed to provide a cost-effective means to isolate all
factors that directly or indirectly result in the myriad of problems that we
face in the plants and facilities

Used to resolve any problem that has serious, negative impact on
effective management, operation, maintenance, and support of our plants
and facilities [6]

3.3.1 Root Cause Analysis capability:
(RCA) has the capability to

1- identify incipient problems;

2- 1solate the actual cause or forcing function that directly resulted in

the problem,

3- identifies all factors that directly or indirectly contributed to the

problem [6]

Le wel 2
Main cavse an; alae cause
/ Le vel 1

Lev&l 3
Cam Problem 1o be ]

i i i resnlved (effect)

Main cavse Main canze

Figure (3.2): cause and effect diagram
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3.5 Failure modes, effects, and criticality analysis

(FMECA):

(FMECA) is a methodology to identify and analyze all potential
failure modes of the various parts of a system and the effects of these
failures may have on the system .And also how to avoid the failures, and/or
mitigate the effects of the failures on the system

It is like FMEA The ( C) in (FMECA) indicates that the criticality (or

severity) of the various failure effects are considered and ranked [13]

3.5.1 (FMECA) WORKSHEET
Table (3.6) : FMECA Worksheet [13]
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CHAPTER FOUR

Implementation



4.1 Introduction:
Pasgianos factory is one of the leading factories in the industry,

working as an advanced manufacturer within the production line of the

factory.
Blow molds and Filler machines were selected to conduct the study and

determine the maintenance strategy needed to reduce their downtime. Any

stop in any machine stops the production line.
4.2 Blow mold machine:

Its basic function is to punch the raw material (pre-molds). The
machine receives the raw material and transfer it through the conveyor to the
heating furnace where it is heated to certain temperature and then transferred
to the molds.

The formation process is carried out by blowing the raw material by
an air source until it forms and take the form of the mold. Finally, the ready-

made bottle is transferred by the conveyor to the juice filling machine.
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4.2.1The main parts of Blow Mold machine:

EE] = @Q

Figure (4.1): Blow Mold machine

1-perform supply
3-infeed starwheel
5-heaters

7-water supply
9-perform transfer wheel
12-chiller
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2-perform feed rail
4-linear oven
6-blowing stations
8-air supply

10-bottle transfer wheel
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4.2.2 FMEA for Blow Mold machine

Table (4.1) : FMEA for Blow Mold machine

Item Function Potential Potential Potential | v | o | o | - | Current Current | Recommended
failure Effect (s) of | Cause (s) | S S |g |2 g;—’ Design Design | Actions
mode Failure of Failure | Z | 3 | & @ | Controls | Controls
31> & | (Preventio | (Detectio
n) n)
Perform | moving the 1- Direct effect | Rotation |4 |2 |2 |16 | 0.0002 | adjusting | Visual The failure has
Conveyor | product from Conveyor | ondelaying | of the the check direct effect on
belt the hopper to belt production | roller is position of the production
the supply deviation | process not the roller line also simple
system 2-poor flexible or bearing , to prevent , there
operation poor rack using high for preventive
of roller rigid manufactu maintenance
red
equipment
Perform | moving the Problem Reducethe | adjustin |3 |1 |4 |12 | 0.0002 | Check Simple The failure has
supply product to the | with amount of | the parameters | mentorin | low seviocc\det ,
blow molder | perform bottles parameter settings gtothe | soitwill be better
supply entering the producti | to wait the failure
infeed molds on line then perform
maintenance
Linear Heating the Problem in | Wrong Oldfilters |4 |1 |5 |20 |0.0002 | Filters Sensors | either preventive
oven product before | the heaters | temperature replaceme | reading | or corrective
the blowing setting thus nt maintenance
process issues in the since the failure
blowing is easy to fix with
process very low

occurrence
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Starwheel | Transfer the Closing Bottles will | Damaged 6 | 0.0002 | Always Missing | the failure is rare
S product cam fall down pin check for | bottles in | to happen and
between making wear and the line | easy to repair
system deformation clamp thus corrective
components and replaceme maintenance
delaying nt
production
Molds The blowing 1- 1- 1- mold 48 | 0.002 1-Rain off | Sensors | the failure will
process Unclosed | preventing locking the reading | cause a small
Molds the blow in | pin condensati down time but it
no(5) the Molds | 2- on water has high
2-Bottle 2- temperatu 2-check occurrence
deformatio | unaccaptabl | re setup the screw number thus the
n e bottles and connection down time will
3- wrong blowing 3-check increase ,there for
temperatur angle the preventive
e setup in 3- operation maintenance is
base mold temperatu before recommended
re setup starting the

production




6€

Chiller Cooling the 1-Qil Bottle low 10 | 0.0002 | Weekly Sensors | The failure has a
product after | failure trip | deformation | superheat, check for | reading lot of causes
the blow 2- Low , issues with | oil pump leakage trying to prevent
process and high filling damage, and proper the failure may be
pressure process low operation an issue also the
trip refrigeran failure is rare,
t, thus corrective
condenser maintenance is
has poor suitable
or no flow
Encoder | keep the Problem Lose the Damaged 42 | 0.0002 | Check for | Failin With high
synchronizatio | with the timing gear wear and the severity and
n between the | infeed between the lubrication | infeed detection
BM and the between two synchron | numbers
filler the filler machines izing predictive
and BM between | maintenance
the should be
machines | implement




4.2.3 Pareto Analysis for Blow Mold:
Table (4.2): Pareto table Blow Mold Machine

Cou Cumulative Cumulative
Failure nt Count %
problem in Molds 9 9 69.2
Problem in Perform Conveyor belt 1 10 76.9
Problem in the heaters 1 11 84.6
problem in the cam 1 12 92.3
Problem with the infeed between the filler
and BM 1 13 100.0
Pareto Diagram
10 — 100.0

» 9 - 90.0

S 8 - . 80.0

i 7 - 70.0

u— 6 - 60.0

° 5 - 50.0

c 4 40.0

3 3 - 30.0

O 2 A 20.0

1 - 10.0
0 - 0.0
0\>\& (‘0?’\\‘ ,b\?}% (,’b((\ Q\\S\e"
.(\@ A G
N2 y (,OO .(\\\S\ & \ 6‘0&'
\
Q‘OQ s\O‘((\ & <0Q\ &
& P NP
.\(\Q Q &8
& <
(OQ \e}(\ I Count
N ®
Q¢ —8— Cumulative %

Figure (4.2) : Pareto diagram for Blow Mold mac
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4.2.4 Root causes analysis for Blow Mold:

Bottle deformation Unclosed moulds
Iblowing station (blower)
guard doors  ————

el <«————SCTEW connection
chiller issue

high pressure filter

P Moulds

worker mistakes — 5

Wrong temperature setup

Figure (4.3) : Mold root cause tree

Conveyor belt deviation

error of roller outer cylindrical > < not parallel with belt connector

cylindrical axis —— 4 <+——poor rack rigid

Conveyor
> belt

poor (lexibility _—
(manufacturing quality)

<+———  maintenance
(lubrication and like)

poor operation of roller

Figure (4.4) : Conveyor belt root cause tree
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4.2.5 (FMECA) for Blow Mold machine

Table (4.3) : FMECA for mold
description of unit description of failure effect of failure 28 risk _ comments
ref no Function | operation | failure mode | failure detectio | on the on the ,_ET S reducing
al mode causesor | nof subsystem | system § % measures
mechanis | failure function @
m
Molds The Running 1-Unclosed 1- mold Simple preventing | stopthe | hig | 4 | 2-check the | the failure
blowing mold locking check for | the blow in | producti | h screw will cause a
stage pin the the mold, on line, connection | small down
molds unacceptab | damage time but it
2-Bottle 2- Check le bottles in bottle 1-Rain off | has high
deformation blowing bottles the occurrence
angle shape condensati | thus the down
on time will
3- wrong 3- Check 3-check the | increase
temperature temperatu | the operation ;there for
setup in base re setup control before preventive
mold adjustme starting the | maintenance
nt production | is
recommende

d every week
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Blowing | The Running Low blowing No or low | Sensors | Bottle error in hig Check the | The failure
station blowing pressure air supply | reading deformatio | blowing | h compressor | will effect on
(blower) | process n S the machine
component | production
, Check the | directly
presser therefore
from preventive
blower maintenance
every week
Chiller Control running 1- Low and 1-low Sensor Bottle error in low 1-check the | These failures
the high pressure | superheat, | reading deformatio | bottle refrigeratio | has a lot of
temperatu trip Jow n and dimensio n liquid causes ,trying
re refrigerant wrong n to prevent the
, temperatur failure may
condenser e setup be an issue
has poor also the
or no flow failure is rare,
2-Oil failure 2-0il Poor 2-check for | thus
trip pump cooling setting the | corrective
damage, temperatur | maintenance
refrigerant e is suitable

leak
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Filter Clean the | Running Dust Overusing | Sensor Bottle l-errorin | low Replace Low severity
air for the penetration/blindi | the same | reading | deformatio | bowing them by , breakdown
blowing ng filter , n bottle time maintenance
stage incorrect 2-bad

design product
Screw Holds All modes | 1-break and overload | Sensor Unclosed l-errorin | low Check for | Low severity,
connectio | down the deformation on the reading mold blow wear and breakdown
ns machine connectio molds replace if maintenance
componen n 2-stop its need
t the
producti

on line
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Table (4.4)

: FMECA for conveyor belt

description of unit description of failure effect of failure failur | severit | risk comments
ref no Function | operatio | failure failure detectio | on the on the erate |y reducing
nal mode causes or n of subsyste | system rankin | measures
mode mechanism | failure m function g
Perform | moving running, 1- Rotation of | Position | The Direct low 4 adjusting | The failure
Convey | the idle Conveyor | therolleris | check infeed to | effect on the has direct
or belt product belt not flexible the delaying position of | effect on the
from the deviation machine | producti the roller production
hopper to will stop | on bearing line also
the supply 2-poor poor rack Low process , using simple to
system operation | rigid operation high prevent ,
of roller manufactu | there for
red preventive
equipment | maintenance
every month
cylinder | transmissi | running 1-error of | Low quality | Visual deviation | The low 4 Using The failure
on and roller of the check for | when the | moveme better is simple to
change of outer equipment, | the conveyor | nt system surface repair thus
direction cylindrica | over load on | operation | belt is will stop manufactu | breakdown
| the cylinder, running re maintenance
equipment | is
2- error of | High Check deviation | recommende
cylindrica | parallelism | the ends r
| axis error position should
between for the adjustment
cylindrical axis to the
axis and conveyor
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roller axis belt
running
Direction
,adjusting
deviation
angle
belt Connect Running | 1-Errorin | connection Check belt Aslight | Low improve Breakdown
connect | between parallel | error is too the deviation | downtim installation | maintenance
or the with belt | big position e on the connection
conveyor connector of the transfer accuracy
component belt to the
S 2- Poor overload on | Check BM
rack rigid | the belt the belt
surface
and
connecti
on
roller Support Idle 1- poor | Manufacturi | Check poor Aslight | low Using Preventing
movement flexibility | ng quality of | for operation | downtim good the failure is
of the roller, not damage | of roller | e onthe lubricating | possible by
device enough on the transfer Materials | normal
bearing roller to the and ball activities ,
stiffness, BM bearings o)
support preventive
2- sealing | wrong seal | Visual maintenance
and Form and check every month
bearing | poor
lubricatio | lubrication
n problem | materials




4.2.6 strategy of maintenance for Blow Mold machine

Table (4.5) : strategy of maintenance for Blow Mold machine

Operation Time

Item

Work

Daily Entire machine Check for safety, dirt and damage
Weekly Molds Cleaning and check for proper
Or every 150 operation

operation hours

Blowing station

Check for leakage and proper
operation , check the filters for dirt

High pressure filter

Drain of the condensation water,

clean or replace

Chiller

Check the pressure and refrigerant

and proper operation

Monthly
Or every 500

operation hours

Molds

Blowing station

High pressure filter

Chiller

Conveyor belt

Check for proper tension and wear if

necessary replace them

Cylinders Check for wear, surface and proper
fitting if necessary replace them
Roller Check for wear

Belt connecter

Check for proper tension and wear if

necessary replace them

Yearly
Or every 5000

operation hours

Entire machine

General inspection

47




4.3 Filler Machine

It core function is tired liquid (juice). The flask and blowing mold
machine are received by a receiving star: bottle are inserted into the filling
machine where the juice is filled from the juice container by filling method.

The vial is then transferred to the vending machine where the vials are
tightly covered and transferred to the subsequent machine.

4.3.1 The main parts of Filler machine:

Figure (4.5): Filler machine

1- Starwheel,
2- Conveyor belt
3- juice container

4- caps container,
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4.2.2 (FMEA) for filler machine
Table (4.6) : FMEA for filler machine

Item Function Potential | Potential Potenti »w |o |o | » | Failure | Current | Current Recommended
failure Effect (s) of | al % § = g rate Design Design Actions
mode Failure Cause =3 | & Controls | Controls
(s) of = % = (Prevent | (Detection)
Failure ® ion)
Conveyor | Moving the 1- Direct effect | Rotation | 4 2 |2 |24 |0.00116 | check for | Mentoring The failure has
belt bottles from Conveyor | on delaying | of the the the direct effect on
the BM to belt production roller is correct production | the production
the filler deviation | process not tension line line also simple
2-poor flexible to prevent ,
operation or there for
of roller poor preventive
rack maintenance
rigid
Starwheel | Transfer the | Wrong Delay in Damage | 3 3 |2 |30]0.00116 | Clamp Falling With high
S bottles bottle production d clamp replacem | bottles in occurrence
between the | receiving ent and the ground number thus a
system check lot of down
components wear times
preventive
maintenance
should be

applied
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soft drink | Fill the Problem Empty Broken 30 | 0.00023 | Leader Sensors This failure has
containers | bottles with | with valve | bottles valve replacem | reading low occurrence
soft drink no 37 leader ent every but high
specific severity and
period detection thus
either
corrective or
preventive
maintenance
will be suitable
Caper Close the Un closed | Unacceptabl | Shorten 10 | 0.00023 | Check Sensors Corrective
bottles using | bottles e products in cap Sensors reading maintenance
the caps supply before since the
from the starting failure is rare
container (low
occurrence)
caps Supply the Problem in | Un closed Missing 60 | 0.00046 | Expand Sensors The failure
containers | caper with cap supply | bottles screw the cap reading down time is
the caps runner and the run and small and it is
runner check the easy to repair
need to screw thus corrective
be connecti maintenance is
expand on suitable
Encoder keep the Problem Lose the Damage 56 | 0.00069 | Check Fail in the With high
synchronizat | with timing d gear for wear | infeed severity and
ion between | infeed between the and synchronizi | detection
the BM and | synchroniz | filler and lubricatio | ng between | numbers
the filler ing B.M n the BM and | predictive
the filler maintenance
should be

implement




4.3.3 Pareto analysis for Filler machine

Table (4.7): Pareto analysis for filler machine

failure

Count | Cumulative Count | Cumulative %

Wrong bottle receiving

5

5

38.5

Problem with infeed synchronizing

8

61.5

Problem in cap supply runner

10

76.9

Problem with valve no 37 in soft drink container

11

84.6

problem in filler sensors

12

92.3

bottles out without caps

PR R N w

13

100.0

Pareto Diagram

Count of Errors

100.0
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
0.0

I Count
—@— Cumulative %

Figure (4.6) : Pareto diagram for filler machine
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4.3.4 Root Cause Analysis for Filler machine

Wrong bottle receiving

handlingneck

P Starwheels

dead platess ———»

<+—— damaged clamp

Falling bottles

Figure (4.7): Starwheel root cause tree

Problem with infeed synchronizing

carner wheel — 5 <+——— damaged gears

P ncoder

Figure (4.8) : Encoder root cause tree
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caps supply runner

container platrs _

<«——  the runner

need to be cxpand:‘d

P caps

containers

Figure (4.9) : Caps container root cause tree
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4.3.5 (FMECA) for filler machine

Table (4.8): FMECA for starwheel

description of unit description of failure effect of failure failur | o | risk comments
erate | § | reducin
ref no Function operation | failure failure causes | detection | on the on the 5 g
al mode mode or of failure | subsyste | system measure
mechanism m function S
Clamp To grab Running Clamp Bearing and 1.stop of Falling Extensive | HIGH | 5 | Continue | Since the
bottle and damaged | holding the bottles damage d check | failure can
device whena | machine can be for be prevent
lateral 2.maintena done to operatio | easily
pivoting range | ce worker whole n and therefor
experience installatio damage | preventive
Gripper Force is Fall of n transfer Use maintenan
destroyed | exceeded bottles area better ce
materials
to avoid
the
damage
Connecti | Synchronizi | Running Connecti | 1.friction 1.stop of Falling Make LOW |5 | 1.0il Low
ng screw | ng ng screw | 2.missalignme | the bottles secondar 2.Verify | failure rate
And move damaged | nt machine y the , low
the wheel to 2.maintena damage proper effect and
take bottles ce worker in alignme | easyto
experience transfer nt of the | repair thus
Screw High pressure | Fall of area screw corrective
wear on the screw | bottles position | maintenan

ce
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Table (4.9): FMECA for encoder

description of unit description of failure effect of failure failur | ¢ | risk comment
ref no Function operation | failure failure detection on the on the e é reducin | s
al mode | mode causes or | of failure subsyste | system rate |z |9
mechanis m function measure
m S
encoder keep the running Problem Damaged | Fail inthe | Losethe | The work High |7 | Check With high
synchronizati with infeed | gear, infeed timing between the for wear | severity
on between synchronizi | timer synchronizi | between | two machine and and
the BM and ng issue ng the filler | will missed lubricati | detection
the filler and B.M | up on numbers
predictive
maintenan
ce should
be
implement
the Support the | running Surface Excessive | Visual Continue | Lose the low |7 | Stopthe | predictive
transmissi | movement damaged Wear of | check d synchronizati overload | maintenan
on gear with belt continued | surface of | operatio | on on the ce
between the operation | the gear n may equipme
two lead to nt
machines breakage
The timer | Control the running Timing Damaged | Visual Wrong Lose the low 7 | Check predictive
work timing lose gear check for filler synchronizati for maintenan
the gear infeed on damage | ce
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Table (4.10): FMECA for caps container

description of unit description of failure effect of failure failur | severity | risk comments
- - - - . erate | rankin | reducing
ref no functio | operationa | failur | failure detection | on the on the g measures
n I mode e causes or of failure | subsyste | system
mode | mechanis m function
m
Containe | Handle | Running Fallin | Screw Simple Unclosed | Delayin | low 4 Check and | The failure
r plates the caps g caps | connections | mentorin | bottles g the replace the | israreto
g filling connection | happen and
stage sifneedto | easyto
repair ,there
for
breakdown
maintenance
Thecap | The Running Hold Small Low Unclosed | Delayin | high 4 Check The failure
runner supply the space infeed to | bottles g the connection | will cause
path caps inside the the caper filling , expand totally
runner stage the runner | unacceptabl
e products
thus
preventive

maintenance
every month




4.3.6 Strategy of maintenance of filler machine

Table (4.11): Strategy of maintenance of filler machine

Time Item Work
Daily Entire machine Check for safety, dirt and damage
Monthly The wheel clamp check for wear, damage
Or every 500

operation hour

Wheel plates

check for wear, dirt adjustment

Handling neck

check for wear, damage

The cap runner

Check connection and proper

operation

Container plates

check for wear

All gears

check for wear, bearing and

lubrication

Yearly
Or every 5000

operation hour

Entire machine

General inspection
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4.4 Strategy of maintenance for uncritical component in

Blow Mold machine and Filler machine
Table (4.12) : Strategy of maintenance for uncritical component in
both Blow Mold machine and Filler machine

Time Item Work

Daily Entire machine check for safety, the lubrication
system and connections

Monthly Encoder Visually check the dive wheels
and the cam wheel.

Or every 500

operation hours Perform Conveyor belt Check the screw connections and
the lubrication process.

Perform supply Check the rotary joint and prober
lubrication.

Linear oven Check for cleanliness, damage and
proper operation.

Caper Check the handling parts neck,
plates, and clamps and check the
filling units for wear, adjustment
and damage.

Yearly Entire machine General inspection.
Or every 5000
operation hours
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CHAPTER FIVE

Conclusion and Recommendations



5.1 CONCLUSION

s

All failure that have been or may have occurred in the machines and
the appropriate maintenance type have been analyzed and identified
The appropriate maintenance plan has been determined for each
machine

By analyzing the two machines, the failures had taken place in the
molds. Although the molds failures has the highest occurrence rate,
but its only effect on the products, there is no effect on the production
process.

On the other hand, the conveyor belt and the encoder failures, these
failures has no effect on the products, but it has always caused the
production process to stop. Thus, it is responsible of most of the
system downtime.

Although the aim of (PM) is to prevent occurrence of the failure,
some failures including caper, star wheel and the containers failures
has small effect and low occurrence therefor it’s better to wait for the

failure then repair it.
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5.2 RECOMMENDATIONS

1- Apply the maintenance plan obtained to minimize the possibility of
failures.

2- We recommend that complete the research by entering the cost of
maintenance and the cost of spare parts to find the best maintenance
strategy

3- In our previous analyzing, we notice that some failures has low
severity, occurrence and no place among the critical failures, but it has
cumulative impact on the system. Thus, for the upcoming researches
we recommend that to take this type of failure between the critical
failures.

4- We recommend that to take the safety as factor in the analysis.
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Appendix



Appendix A: Blow Mold machine failures

Date Failure Total

maintenance

time
23/1/2017 | Problem with perform supply infeed 60 min
27/1/2017 | Unclosed mold no(5) 15 min
1/3/2017  Un closed mold no(5+1) 5 min
6/3/2017  Bottle deformation (temperature setup and blowing 25 min

angle)

8/3/2017  wrong temperature setup in base mold 25 min
9/3/2017 | Problem in the heaters 15 min

12/3/2017 @ Bottle deformation (temperature setup and blowing 20 min

angle)
14/3/2017 @ Bottle deformation (temperature setup and blowing 10 min
angle)
19/3/2017 | Un closed mold no(5+6) 30 min
21/3/2017 | temperature setup and mold 5 issue 15 min
22/3/2017 | Damaged pin 10 min
2/4/2017 | Problem in mold no 6 (temperature setup and 10 min

blowing angle)

3/4/2017 | Problem with the infeed between the filler and BM 40 min
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Appendix B: Blow Mold machine failures count

Failure Count
problem in Molds 9
Problem in Perform Conveyor belt 1
Problem in the heaters 1
problem in the cam 1
Problem with the infeed between the filler and BM 1
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Appendix C: Filler machine failures

Date Failure Total maintenance
time
23/1/2017 | Wrong bottle receiving 10 min
6/2/2017 | Wrong bottle receiving 15 min
23/2/2017 | Problem with infeed synchronizing 120 min
1/3/2017 | Problem with valve no 37 50 min
2/3/2017 | Clamp issue 35 min
5/3/2017 | Wrong bottle receiving 30 min
7/3/2017 | Problem in cap supply path 15 min
13/3/2017 | Problem in cap supply path 10 min
14/3/2017 | Bottles fall down inside the filler 10 min
14/3/2017 | Bottles fall down inside the filler and infeed issue 25 min
19/3/2017 @ Unclosed bottle 10 min
3/4/2017 | Problem with infeed timing 15 min
17/4/2017 | Problem with sensor reading 45 min
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Appendix D: Filler machine failures count

Failure Count
Wrong bottle receiving 5
Problem with infeed synchronizing 3
Problem in cap supply runner 2

Problem with valve no 37 in soft drink container

problem in filler sensors

bottles out without caps
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