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ABSTRACT

Failure Modes/Effects Analysis (FMEA) is one of various methods applied in
Design for Manufacturing (DFM) methodology of concurrent engineering used to effectively
reduce product loss in production process. FMEA has provided a disciplined technique
to identify and help eliminate potential concerns in design and processes. Responsibility
for the preparation of a FMEA rests on specific individuals; however, FMEA input
should be a team effort. In this case study, FMEA was used as the tool to find out root
causes of failure in carbon black production process. Three categories of root causes of
failure were made, based on FMEA criteria called “RPN (risk priority number) score”,
the higher RPN score representing worse situation. The outcome of this case study was
cost saving. Each category provided a certain amount of cost saving after FMEA was
implemented. The defect rates were reduced from 46.70% to 27.41% in the first group,
14.54% to 9.71% in the second group, and 6.35% to 345% in the third group.
Cost saving anticipated from this case study was approximately 11,200,000 Bahts/year-
or 27% of total loss in year 2000.

Keywords : FMEA, failure modes, improvement, concurrent engineer, reliability, critical,
RPN.

. INTRODUCTION

Competition is high in business today, when
global economy is seeing country and regional
- boundaries falling apart. To survive and to prosper
k required people in business to be active and
f“progressive all time, we should improve their ways

3

i

of work and reducing expenses. Such efforts and
measures are required and intensified by the
economic crisis sweeping Asia at the moment.
ABC, a carbon black plant, is no exception to the
rule, as it has to keep itself at the tip of technology
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edge and, at the same time, be competitive in overall
Asian environment. ABC is faced with tough
competition, which can get tougher, and the
largest problem is seen in the loss of productivity.
The solution, therefore, could be a large factor
to contribute to the survival and even to business
gain. Many techniques have been used in order
to improve the efficiency and the efficacy of the
plant. Some have been successful to certain degree,
while others have failed. When a plant cannot
improve its productivity, while others do so, a
number of things happen relatively:

1. higher operating cost,

2. inability to sustain production plan,

3. inadequate stock of products for supply

to customer,

4. unstable qualities of products, and

5. loss of customer base and confidence.

There are many tools/methods that can
be used to solve the problems. The most familiar
tools widely used is Concurrent Engineering (CE),
which is also known by other names, including
simultaneous engineering, concurrent design,
life-cycle engineering, integrated product
development, and team design. CE is a dramatic
departure from the past tools in use, and, at the
same time, it is a new design for the present
environment and technology, requiring extensive
disciplinary co-operation and integration of such
fields like design engineering, ménufacturing
and material management.

All production processes are likely to fail,
subject to, among other things, the quality of raw
materials, the technology, the process details,
including the set points, the cut points, the
sampling and testing methods and frequency,
the supervision work, and the maintenance done.
To improve on yield, efficiency and productivity,
and FMEA have been successfully used (Stamatis,
1994; Dhillon, 1985). The general procedures for
conducting a FMEA, describing the major process
improvement in process start-up, including brain-
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storming, FMEA, and design of experiments (DOE)
are well-known (Beauregard et al, 1992). For
quality deployment system, especially in the design
and development phase, FMEA and FMECA
(Failure Modes/Effects and Critical Analysis)
have been effective tools for failure prevention
and for quality control process chart (Shigeru and
Akao, 1994). A quantitative identification of
problems is well illustrated by using FMEA and
FMECA for the travelling sprinkler analysis
(Juran and Gryna, 1993). FMEA is also demon-
strated in identifying elements giving rise to
fright in the early use of radar for aircraft (Kolarik,
1995). Even the use of FMEA was found useful
in solving failures of integrated circuits problems
(Halpern, 1979). FMEA has been used in
conjunction with the statistic methods for setting
the optimization tolerance in assembly stacks
and setting of realistic capability target of the
account. The application of the method is also
illustrated using a case study from the automotive
industry through the use of interactive software
and has also been used in conjunction with
re-engineering tool (Swift, 1999). FMEA have been
used in the support of DART (Design Analysis
Re-engineering Tool), together with a state-of-
the-art relational database and standardized
data format, to permit long-term management of
plant safety related information. The plant design
is reviewed in a step-by-step logical fashion by
constructing fault trees that identify the link
between undesired consequences and their causes
(Billington et al, 1999). FMEA has been successfully
supplemented with other tools, like the com-
puterized “expert system.” Organization of a
stimulation subsystem, which is a component of
a comprehensive expert system for FMEA, is
well presented (Liu and Yang, 1999; Russomanno,
1999), wherein the capability is shown for
incorporating computer-aided analysis and
design tools early on into the conceptual design of
an engineering system before any commitment.
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For other qualitative applications, FMEA
is used as the tool for qualitative circuit model
failure analysis (Lee, 1999). On simulation aspect,
FMEA is used in simulating complex behavior of
electrical devices for automotive electrical and
electronic system, (Snooke, 1999.). Finally, FMEA
has been shown to be an invaluable tool for
problem-solving in regard to planning measurement
and for the final analysis of finished product
performance to meet a zero reject capability in
industrial paint and powder coating plant (Cowley,
1999).

Preliminary investigations in our case have
revealed that production problems were largely
related to production failures and inadequacies.
Hence, to improve the performance of ABC
production, we proposed to use tool called Failure
Modes/Effects Analysis (FMEA) to solve the
problems in the first place. The purpose of the
case study is following;

1. to recommend the company to reduce
production loss by using FMEA
methodology,

2. to decrease product loss and increase
cost saving,

3. to adapt FMEA methodology for the
failure prevention,

4. to improve and maintain customer
satisfaction, and

5. to improve profitability for ABC by
lowering production cost.

METHODS |

ABC has never used FMEA tool in problem
solving. On the other hand, ABC is accredited
with IS09002, and uses the corrective and
| preventive actions from the ISO9002 system.
| However, the corrective and preventive actions are
_ after-the-event actions only, and are relevant
| only for those events. The potential and critical
functions are not included if they do not initiate
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the problems in the first place and thus caused
these production loss of that time. Hence,
sometimes the same problems recur within a short
period of time. In order to improve the production
efficiency by eliminating the causes of failures that
give rise to production loss, FMEA and its highly
efficient methods and tools are used to solve the
problems. Therefore, the steps of active prevention
of production loss start from data collection,
preparation and compilation of production loss in
the last three years. It is necessary to understand
the production process in order to identify the
critical functions during the process. Prior to
evaluating and eliminating the causes of problems,
this exercise has to be treated as a project, with
an agreement from the top management and the
project proposal has to be prepared and approval
obtained from the top management. This is because
of the requirement of FMEA involving a team
function. Therefore, a project team is formed,
comptising technical advisor, process shift
supervisor, senior maintenance, safety supervisor
and quality control supervisor. Besides the team,
budget should be available to support the
teamwork. A schedule for the work of the team
is also required as to how long they will achieve
the various steps and finally the goal, that is,
to eliminate the root causes of problems; after
which, benefits must be established after achieving
the target by using FMEA technique.

Before evaluating the causes of the problems
we should establish the standard criteria: severity
of the failure (SR), frequency of the failure (FR),
and the detection rate of the failure (DR). The team
needs to consider the criteria separately; first,
there is the severity: the team should consider
the severity compared with the objective evidence.
Then, the next step is to set the explanation of
each criterion by using the following equation:

Risk- = (5) x () x (D)
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The major components of the process based
on the area code are identified and use the fishbone
diagram to find out the sub-functions of the major
components. Regarding the identification of the
major components and sub-functions of major
components, there are a lot of main causes of failures.
It is quite difficult to evaluate and eliminate all
those causes in the limited time. Therefore, the
risk priority number (RPN) result is used as a
decision factor to classify the causes of failure into
a small groups as shown in Table 1.

Table 1. Classification criteria.

Journal of Science, Technology, and Humanities

the FMEA technique so that the action plan will
be set up in order to eliminate the cause of failure
and prevent the problem from recurring. In order
to make it easy in proposing or attaching the causes
of failures, the action plan should be classified
into 4M. The 4M means “Man, Machine, Material,
and Method”. The causes of failures should be
classified into the groups of 4M. Classifying the
causes of failures into 4M groups help to clarify
the causes of failures and make it easier to prepare
the essential provision for 4M.

First group High-very high

High-very high

Low-very
low-absolute
certainty of
Non-detection

Very high-high

Third group Minor-low Remote-very High-very high  Low-very low
low-low
Thus, the first group will be the group for RESULTS

first priority in problem solving by using FMEA
technique due to high risk and high impact.

The second group will be the next one to be
evaluated and improved. The last group has rather
low risk but it does not mean that it is unnecessary
for it to be improved. If improvement is needed,
there is no immediate necessity as for the first group.

After collecting the data and after under-
standing the production process and the evaluation
criteria of FMEA technique, the next step is a design
and development of FMEA phase for failure
prevention by using the typical FMEA form. The
cause of failure is identified after development of

Only critical root causes of failure are ap-
praised by using RPN score as a factor for the
resolution. The RPN score is the product of the
multiplication of three criteria of FMEA. The lowest
value of each criterion represents the third priority,
the next value represents the second priority, and
the highest value represents the first priority.
Therefore, Table 2 is the classification criteria using
for ranking the priority of the work in this case
study.
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Table 2. Classification criteria (RPN score).

for work RPN score

Priori

Second 37-216

The highest score represents the worst
situation. In criteria setting, the major failure mode
is identified.

From the critical function, it amounts to
46% of product loss in year 2000. Therefore, it is
necessary to resolve the problems and suggest
failure prevention due to high risk and high impact.

Table 3. The essential provision system for 4M.
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After the action plan is taken, the RPN is expected
to be reduced by at least one step.

In order to increase the efficiency of the
action plan, the particular objective relevant to
the action plan should be clarified. Generally the
particular objectives are Man, Machine, Material,
and Method or in other word “4M”".

When the relation between the action plan
and 4M is brought out, it follows to realize the
essential provision system for 4M. The essential
provision system will contribute to the accom-
plishment of action plan through 4M. Some systems
need to be set up while some systems need training
courses. Table 3 shows the essential provision
system for 4M.

Man : Training course
« In house
o Outside

Material : Specification

: Cost

: Human resources section
: Operation sections

: Operation sections
: Purchasing section
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When the product loss is improved after
process FMEA is implemented, the outcome in
terms of business is cost saving.

Table 4.  Anticipated cost saving.
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EMEA was
implemented

DISCUSSION

Due to the efficacy of FMEA used; root
causes of failure have been identified and
eliminated. As the outcome of the process
improvement is the cost saving, the amount of
cost saving is evaluated. The first group gives high
impact to production process as it consists of critical
functions. Therefore, the anticipated cost saving is
a large amount, approximately 8,000,000 Bahts per
year or 19% of cost saving.

The second group gives lower impact than
the first group, but it consists of many functions of
possible failures with high frequency of occurrence.
Cost saving for the second group is approximately
2,000,000 Bahts per year or 5% of cost saving.

The third group gives the lowest impact to
production and always consists of non-critical
function with low frequency of failure. Therefore,
cost saving expectation is much less than other-

about 1,200,000 Bahts per year or 3% of cost
saving. Thus, the total product loss that is saved
in those three groups after root causes of failure
were eliminated is approximately 27% or in
other words 11,200,000 Bahts per year compared
to year 2000.

CONCLUSION

Using the FMEA methodology as a tool to
identify and eliminate root causes of failure has
been discussed. For this case study, product loss is
reduced from 67% to 40.57% or 27% of cost saving,
compared to the year 2000. FMEA is proven to be.
a powerful tool for finding out the root causes of

failure, offering the recommendations for action - |
plans for corrective and preventive measures. .

The analysis has shown the critical root causes oﬁf
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failure. When RPN score in the FMEA work sheet
decreases, it indicates improvement, which means
of the product loss in the process. FMEA also gives
recommendation for second and third priorities
for problem solving, just as for the first priority.

FMEA has been adapted for the failure
prevention, resulting in decreased product loss,
increasing cost saving. Customer satisfaction is also
maintained and improved since the plant now has
high reliability, with small amount of product loss;
therefore, the stock of product is sufficient to

~ satisfactorily meet customer needs on time. The
indicator of the customer satisfaction is customer
complaint. The number of customer complaints is
expected to reduce. However, customer complaint
can be due to several causes, such as packaging,
quality, and delivery. Therefore, if FMEA is applied
to all processes including quality assurance, all
causes of customer complaints mentioned above
would be reduced.

FMEA has been used in other Thai industries,
particularly in the tyre manufacturing industry
(Buabucha,1998). FMEA is used as a tool to
study and analyze factors affecting compound
quality problem during the mixing process. It
also uses FMEA to develop the appropriate process
quality assurance in the factory. In our case, FMEA
is used for the first time, and satisfactorily, in the
carbon black industry. There are similarities
between the tyre manufacturing industry and
carbon black industry. In both cases, FMEA has
been used as the tools for studying, analyzing and
preventing the product non-conformance achieving
similar objectives. Finally, the result of both case
studies is the reduction of product loss. The carbon

i black process and the tyre manufacturing process
continue one to the other. Carbon, which is
~1 produced as the product in the carbon black process,
is used as the major raw material for tyre
manufacturing. Therefore, both studies together lead
fo improved processes and process Jmprovement
‘J?ngh level of reliability. .
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As FMEA is meant to be a ‘before-the-event’
action rather than an ‘after-the-event’ action, it is
appropriate to use FMEA when (1) new systems,
products or processes are being designed; (2)
existing designs or processes are being changed,
to look at the risk of change; (3) carry-over designs/
processes will be used in new applications or new
environments.

Furthermore, FMEA can be developed for use
with quality control or quality assurance planning
or even in investigation of customer complaint.

FMEA for quality control and quality
assurance planning

Product verification needs to be developed,
reviewed and updated. FMEA is useful when
developing, reviewing and updating pre-
qualification control plan and inspection acceptance
criteria include in the work instruction.

FMEA for investigation of
customer complaint

Customer complaint needs to be carried out
for problem-solving as soon as possible, to avoid
recurrence. FMEA contributes to finding out the
root causes of failure and the failure prevention
aims at increasing customer satisfaction.

There are several engineering approaches
included in FMEA. Problem prevention provides
the foundation with keys linked to problem-solving
and customer focus. Hence, FMEA has linkages to
problem-solving activities, reliability, and process
control methods. The result from problem-solving
activities becomes input to FMEA, and the result
from FMEA provides input to reliability analysis.
The results from FMEA eliminate or reduce the
occurrence of product/process-failures and;
therefore, act as prevention tool in process control
methods to control, before certain undesirable events
occur within the process. -y bt
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In the long run, FMEA can be developed
from the work sheet in personal computers as the
“expert system”. By collecting data (history of
root causes of failure, recommendation, and action
plan) as the database for the system. Furthermore,
continuous development can be performed to enable
high performance in the future.

RECOMMENDATION

To be successfully implemented FMEA, the

followings are followed:

1. the company must have complete data
collection in every process to enable
determining the root causes of failures;

2. the company should realize the advan-
tages of FMEA technique to identify the
root causes of problems;

3. the management should support the
technique;

4. the production staff should not allow
the engineers to solve few problems
based on their experiences, and the
engineers should not find out the root
causes of the problems by using DOE
step by step; and

5. the production staff should update their
skills, and use modern techniques to
improve their work.
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