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Development of the Reliability Index for Improving the
Reliability of the Manufacturing Equipment

Sangwoo Yu' - Jungwon Park' - Min Kim' - Jungpyo Hongl - Geuntae Oh® - Yoonkyoon Na®'
'Korea Testing Laboratory, 2University of Suwon

Purpose: The purpose of this study is to measure the reliability of complex equipment. Reliability
of product is one of the most important factor to achieve competitiveness in the market. While
there were many researches for assessing the reliability on components and modules, research on
quantitative assessment tool for equipment with many component was little because of equipment’s
complexity.

Methods: In this article, we developed index to assess reliability management system by using
IEC 60300 and Reliability Management Tool-kit. With MIR and BARS, we developed reliability
index clauses relevant to reliability activities and found weight factor for each clause by survey
on experts.

Results: The results of this study were as follows; reliability index that can assess both management
side and technology side of the company was developed.

Conclusion: Using this index, we assessed the reliability of a manufacturing equipment and
found out the current reliability level of the manufacturing equipment, and derived improvement
points.

Keywords: Reliability, Index, Equipment, MIR, BARS, Manufacturing
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Step 1. Step 2. Step 3. Step 4 Step 5.
Develop assessment [ Find Assessment > Find scoring method ¥ Devel P Htf wor ] Develop reliability
items measures for each item for each measure evelop weight Tactor index
Fig. 1 Development procedure of Rl
Table 1 Differences of evaluation method for part and equipment
component/small module equipment
composition less than several components more than hundreds of components

difficulty of test

easy to test: small size, simple control difficult to test: big size, complex control

complexity of test simple complex
number of test items unlimited limited
cost of items low cost high cost
. easy to test and analyze the goal difficult to test and analyze the goal
conclusion
assessment of goal assessment of process
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Step 4 Design to minimize effect of external factors
ep - environmental, human factors, SW factors
[ st ][Avoid failures through scheduled maintenance J
ep 5 oo < .
- periodic preventive maintenance
e ]
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Fig. 2 Reliability management process at product design level
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Table 2 Evaluation Items on reliability management process

Step

check list

1.1.1

The

suitability of the selected reliability measure

1. Determine Reliability |1.1 Plan & Do 1.1.2

The

suitability of the reliability goal value

Goal 1.1.3

The

validity of the reliability allocation

1.2 Check & Action 1.2.1

The

feasibility of the reliability goal

2.1.1 The validity of the failure analysis
1.1 Plan & Do X - T .
2. Design equipment to 2.1.2 The existence of the tailored reliability design activities
achieve reliability 2.2.1 The effect of the tailored reliability design activities
goal 1.2 Check & Action |2.2.2 The achievement level of the reliability goal based on

the reliability prediction

3.1.1 The suitability of the selected test method
1.1 Plan & Do -
o 3.1.2 The existence of the test data
3. Assess the reliability — — -
. 3.2.1 The validity of the statistical analysis result
of the equipment
1.2 Check & Action |3.2.2 The achievement level of the reliability goal based on

the test result
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Table 3 Rating scale based on BARS for adequacy of measure selection

step check list maturity
1.1.1 The suitability | The measure has not been selected
Determine of the The measure has been selected(MTTF, Bx, failure rate etc.)
Reliability selected The reason for selection of the measure is clearly presented
Goal reliability The reason for selection of the measure is clearly presented and appropriate
measure Feedback to the measure selection process and the results are utilized for maintenance
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Table 4 Classification of reliability activity level on MIR[3]

level stage maturity
MIR 0 | uncontrolled |The manufacturer has no relevant quantitative evidence of the process output
The manufacturer has quantitative evidence of the process output of the products and the
MIR 1 measured | information is fed back into the process, but the origin of the problems/deviations is
unknown.
The manufacturer has quantitative evidence of the process output, knows the origin of the
MIR 2 analyzed problems, has the corresponding control loops, but does not know what actually causes
the problems.
The manufacturer has quantitative evidence of the field behaviour, knows the origin of
the problems and knows what actually causes them, and has the corresponding control loops
MIR 3 controlled . . e
and is able to solve problems. The manufacturer is, however, not able to prevent similar
events from happening in the future again.
The manufacturer has quantitative evidence of the field behaviour, knows the origin of
the problems, and knows what actually causes them and what to do about it. The level
MIR 4 improving | of knowledge is such that the manufacturer not only knows root causes of problems (technical
and organizational) but is also able to anticipate and prevent similar problems in the future.
All corresponding control loops are functioning.
Table 5 Scoring system of evaluation items - objective reliability decision
step check list score maturity
0 | The measure has not been selected
1.1.1 The N 1 The measure has been selected(MTTF, Bx, failure rate etc.)
(S)I;It;lbelhty 2 | The reason for selection of the measure is clearly presented
selected 3 The reason for selection of the measure is clearly presented and
reliability appropriate
measyre 4 Feedback to the measure selection process and the results are
utilized for maintenance
0 |The goal is not present
1.1.2 The 1 |The goal is present
suitability . . :
11 P. &D. of the 2 |t is clear that the basis for setting the goal level
reliability 3 It is clear that the basis for setting the goal level and appropriate
. goal value 4 Feedback to the goal level set-up procedure and results are utilized
Detfarn}lpe for maintenance
Reliability o
Goal 0 | Reliability distribution has not been performed
1.1.3 The 1 |Reliability distribution has been performed
validity of ) Reliability distribution has been performed and the evidence has
the been presented clearly
r%habltl'lty 3 |the evidence has been presented clearly and is appropriate
allocation
4 Feedback to the reliability distribution procedure and the results
are utilized for maintenance
0 |The goal is not present
1.2.1 The 1 |It is impossible to realize the goal, but suggested
feasibility 2 |It is possible to realize the goal, but suggested
12 C. &A. of the P g0, £8
reliability 3 | The goal can be achieved at the appropriate level
goal 4 It has the ability to properly reset the goal level in accordance

with the conditions
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Table 6 Scoring system of evaluation items - reliability design

step check list score maturity
0 | does not have failure data
1 | have failure data
2.1.1 The validity 2 | have failure data and they are analyzed by an appropriate method
of the failure 3 have failure data and they are analyzed by an appropriate method
analysis Based on this, direction has been established to improve
4 Feedback to the failure data and the analyzed results are utilized
2.1 P. &D. for maintenance
0 | do not perform a reliable design based on the failure information
2.1.2 The existence 1 | perform a reliable design based on the failure information
of the tailored 7 s desiencd blish a fair i 1
reliability It is designed to establish a fair improvement plan
design 3 | Improve the design according to the design improvement plans
activities 4 Feedback to improve the design process by utilizing the fault
Design information is utilized for maintenance
equipment 0 | reliability design results have not been analyzed
22.1 The effect of 1 | reliability design results have been analyzed
the tailored ) Reliability analysis of design results that have been carried out
reliability in a fair procedure
design 3 Reliability design results verify the theoretical design goals at
activities satisfactory reliability level
22 C. &A. 4 Feedback to the result of reliable design is utilized for maintenance
2.2.2 The 0 | It did not verify the reliability satisfaction goals
achievement | By predicting, found whether the satisfactory reliability goal was
level of the confirmed
{)?;2311(13 t%:::al 2 | Check whether the goal was achieved and the method is appropriate
reliability 3 | Check whether the goal was achieved and appropriate
prediction 4 | Feedback to the prediction result is utilized for maintainance

Table 7 Scoring system

of evaluation items - reliability test

step check list score maturity
0 | The test design has not been performed
1 | The test design has been performed
) The basis for the design of tests are presented clearly(stress,
3.1.1 The suitability test level, number of items, etc.)
of the selected The basis for the design of tests are presented clearly and
test method 3 | appropriate(Consistent with demand enterprise requirements,
the demands of the market)
A;SIZSS 4 It has the ability to perform the test design and depending on
reliability| 3.1 P. &D. the situation to modify
of the 0 | test has not been performed
equipment 1 | test has been performed
. 2 | test and data collection has been performed
3.1.2 The existence ] -
of the test data test and data collection has been performed appropriately (Data
3 | collection procedures, test equipment and calibration status,
adequacy of the data collection period of equipment)
4 Depending on the situation, there are plans to conduct the test
and the abilities to modify
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step check list score

maturity

0 | Results have not been analyzed

1 | Results have been analyzed

3.2.1 The validity of

Results have been analyzed appropriately (Analysis tools,
the statistical analysis methods)

analysis result Results have been performed properly and whether goal
reliability has been achieved or not was analyzed

32 C. &A 4 | has the ability to perform the results analysis properly
o 0 | the goal reliability has not been achieved
322 Thhe. 1 | the goal reliability has not been achieved, but know the reason
achievement the goal reliability has not been achieved, but know the reason,
level of the 2 .
S improve by feedback
reliability goal — -
based on the 3 | the goal reliability has been achieved
test result 4 the goal reliability has been achieved and cause analysis and
feedback has been performed
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