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Prologue

The research described in this thesis has been developed as a part o f the Reliability and 

Field Data Management for Multi-component Products (REFIDAM) Project. This project 

was founded under the Applied Research Grants Scheme administered by Enterprise 

Ireland. The project was a partnership between Galway-Mayo Institute o f Technology and 

Thermo King Europe. The project aimed to develop a system in order to manage the 

information required for reliability assessment and improvement o f multi-component 

products, by establishing information flows within the company and information exchange 

with fleet users.
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Chapter 1 Introduction

Chapter 1

Introduction
1.1 Thesis Motivation

1.2 Objectives of the Thesis

1.3 Approach to Work

1.4 Thesis Structure

1.1 Thesis Motivation
Reliability engineering is a rapidly growing activity in industry today. It originated as such 

during the 1950’s as a response to the demanding pressures in companies and products. 

Considerations such as life cycle costs, cost o f ownership, product safety, liability or 

product reputation means that a company needs to be able to predict, assess and guarantee 

the operation and use o f the product well after the production release. Reliability is the 

attribute o f a product that includes every step o f the life cycle o f the product, from concept 

to disposal. The reliability effort in a company needs to be addressed by the 

implementation o f a reliability program that deals with all the different aspects o f 

reliability in the life cycle, and establishes interaction and communication between them. 

Also in many cases, it involves developing specific paths for retrieval o f support phase 

information, since this stage o f the life cycle offers the best feed-back on product operation 

and performance.

However, improving reliability is not the only new challenge that the organization has to 

face. In the recent years there has been powerful worldwide changes that have altered the 

environment o f business. Firstly, increased competition and market pressure have resulted 

in short release cycles. Teamwork has been greatly enhanced, and product development 

processes have been revolutionized with implementation o f Concurrent Engineering 

techniques. As a result o f this, new tools have been introduced in the engineering 

environment, e.g. Computer Aided Engineering, and networked systems have made virtual 

teamwork possible.

Secondly, the business environment ha also become global, and companies need to 

collaborate and interact with customers and suppliers that can be in different countries or
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Chapter 1______________________________________________________ Introduction

continents. Finally managing information, and maximizing the knowledge resources has 

become more and more important as the economies in the developed countries move 

towards a knowledge and information based model. Information systems provide the 

communication and analytic power that firms need for conducting trade and managing 

business on a global scale, and support the organization in developing its activity and its 

knowledge building effort.

The reliability activity can also profit from the information technology resources and in 

order to achieve its goals in this global, and collaborative environment, it needs to be 

supported by efficient information structures and systems. Therefore it seems suitable to 

develop the reliability program through information management structures and to 

implement reliability initiatives based and supported by these structures.

The following thesis, describes and prototypes an integrated approach to reliability 

management and operation, supporting the reliability activity with information systems, as 

the means o f managing data, procedures and methodologies.

1.2 Objectives of the Thesis
The research, which this Masters thesis is based on, is embedded into an industrial research 

project, entitled Reliability and Field Data Management for Multi-Component Products. 

The main objective o f this project is to develop a prototype o f a system to manage 

reliability and field information, both in data and in processes. This system should provide 

the means for retrieving data, should integrate tools and methodologies in order to analyze 

it, and should be capable o f storing the outputs o f the analysis efficiently, in order to 

support knowledge building [Roc97],

The objective o f this thesis is to develop a model for the reliability program operation, by 

approaching reliability as a process integrated with the life cycle o f the product. It is also 

the purpose o f this thesis to select, based on the requirements o f the reliability model, a 

system that will support the operation o f this program.

A prototype o f this system will be developed in order to prove these concepts and to 

illustrate the different models and structures proposed in the research.

1.3 Approach to Work
The research started with a study o f different reliability methodologies and initiatives, both 

through literature reviews, and through a close relationship with the industrial partners, and 

their reliability engineering operations. Based on the experience gained through these

2



Chapter 1 _____________________________________________________ Introduction

means, a model o f reliability process was created in order to give structure to the reliability 

program. The requirements and needs o f the program were outlined. This was followed by 

close research into the different information tools available for reliability work, which 

included the use o f different software packages, and the evaluation o f their features and 

functionality. As a result o f this evaluation, Product Data Management Systems (PDM) 

proved to be the most suitable technology framework for reliability management, and 

therefore research into different PDM solutions and packages was carried out. SmarTeam 

PDM has been selected because o f its flexibility, its integration with CAD and Office 

packages and its ease o f implementation. The suitability o f PDM systems to support 

reliability management has been tested through the customisation o f the SmarTeam 

Software, and the integration o f the software with some other specifically developed tools. 

The overall system has been tested with ThermoKing Europe, and their operations. All 

along the process o f implementing the system, continuous contact and feedback from the 

company helped in assessment and improvement o f the different aspects o f its operation.

1.4 Thesis Structure
The thesis structure is as follows:

Chapter One presents the motivation, the objectives, the approach to work and the layout 

o f the thesis.

Chapter Two deals with reliability concepts, by presenting the model o f the process o f 

reliability, and by describing the methodologies and initiatives involved in this process.

Chapter Three describes the information requirements arising from the reliability 

program operation. A benchmarking exercise o f different solutions is presented and a 

review o f the selected tool, i.e. PDM is given.

Chapter Four describes the customisation requirements and overall structure o f the 

prototype o f the Reliability and Field Data Management System that has been developed. 

A number o f reliability initiatives will be specified.

Chapter Five presents the prototyped Reliability and Field Data Management System, its 

information structure and interface. It will also show the way in which, within the system, 

the reliability processes are carried out, and the automation o f some processes.

3
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Chapter 6 will review conclusions and recommendations from the research and the 

development o f the software.

This structure is illustrated in figure 1.1.

Thesis Introduction Chapter 1

Reliability Program Plan Chapter 2

t v  - ~~ T

Information Systems for the 
Reliability Program

Hiii ^ i n L

Specifications for the 
Prototype of a Reliability 

and Field Data 
Management System

Chapter 3

Chapter 4

J_____

Reliability and Field Data 
Management System 

(RFDM)
Chapter 5

Conclusions and Further 
Development Chapter 6

Figure 1.1 Structure o f the thesis
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Chapter 2

Reliability Program Plan

2.1 Introduction

2.2 Definition of Reliability

2.3 The Process of Reliability

2.4 Program Management and Control

2.5 Program Initiatives

2.6 Supplier Reliability and Quality Assurance

2.7 Design for Reliability

2.8 Statistical Methods and Models in Reliability

2.9 Reliability Testing

2.10 Reliability in Manufacture

2.11 Maintenance Strategies

2.12 Failure Analysis, Root Cause and Corrective Action

2.13 Structure for the Reliability Program

2.14 Summary

2.1 Introduction
Reliability engineering is a very extensive area o f engineering that covers many different 

aspects. It shares some contents with various other topics, such as quality, statistics, 

mechanical engineering or management. A comprehensive approach needs to combine the 

relevant aspects o f each o f the concerned areas into a reliability structure. Developing 

reliability structures in a practical way is strongly influenced by the product, the type and 

size o f the organization and its market position. Depending on these factors certain 

approaches would prove to be more efficient, than others. Reliability needs to be 

customized to the needs o f the organization.

The aim of this chapter is to specify clearly the components o f the structure that supports 

an integrated approach to reliability management. The chapter will begin with a definition 

o f reliability and related concepts. Then, a model for the process o f implementing 

reliability will be shown. The different methodologies and concepts involved in this model 

will be reviewed next. Is the purpose o f the author to integrate this methodologies and
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Chapter 2 Reliability Program Plan

concepts into a supporting structure. The review carried out in this chapter will outline the 

requirements for this structure which will be specified at the end o f the chapter.

2.2 Definition of Reliability
Reliability has been defined as ‘ the probability that a component, device or system, will 

perform its prescribed duty without failure for a given time when operated correctly in a 

specific environment’ [Dav94], This definition introduces the major aspects that need to be 

understood when talking about the reliability o f a product: probability, operating 

conditions, failure and environment. The concept o f probability is going to be the tool to 

overcome variation problems. The engineer’ s task is to design and maintain the product so 

that it does not fail. In these tasks he/she faces the problem inherent in the variability o f 

engineering materials, processes and applications. Probability laws and statistical 

distributions are a mathematical tool that enables the engineer to deal with these variable 

parameters. Understanding what the prescribed duty for the product is, involves the 

knowledge o f the production and performance specifications. Failure must be defined 

precisely, as it can take different form, i.e. a damaged, non-operating or incorrectly 

operating component. Finally, the influence o f environmental conditions is also important. 

Products are used in very different environments, and these environments have a major 

influence in the possible modes o f failure, e.g. corrosion or temperature brittleness.

The concept o f reliability in industry goes beyond statistics and probability. In this context 

reliability is often used in a very general sense to include the whole o f reliability-related 

activities: reliability, availability and maintainability (RAM). Availability refers to the 

concept o f whether an item will be ready, i.e. available, when is needed [Dav94]. 

Statistical availability is the fraction o f time that a system is available. It is often used as a 

measure o f system effectiveness for equipment that is used to perform a service, such as 

large computer or a fleet o f aircraft. Availability is determined by the reliability, 

maintainability, logistics and administrative policy o f the organization.

The word maintainability refers to the concept o f being able to easily maintain an item, i.e. 

the ease and speed o f proper maintenance. Statistical maintainability is the probability that 

an item will be maintained within a given period o f time when the maintenance is 

performed by personnel having specified skill levels and using prescribed procedures and 

resources. Maintainability is strongly affected by logistics system, personnel skills, and 

design o f the item [Eva99].

6
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Chapter 2 Reliability Program Plan

2.3 The Process of Reliability
Reliability is an approach taken by the organization towards the goal o f satisfying the 

customer. An enterprise needs to have a holistic view of reliability as a process that relates 

to the life cycle o f the product, i.e. from design to retirement. A process can be defined as 

“a collection o f  successive steps that takes inputs, and achieves a specified output” 

[Gra96], In a business environment, value is added if actions result in a change that the 

customer wants, and if the desired action is done correctly fast and in a cost-efficient 

manner. Reliability can then be defined, from a more holistic perspective as process, i.e. a 

collection o f  successive actions linked to each o f  the product life cycle phases that achieve 

high values o f  reliability and quality in a timely and costly manner. A reliability program 

plan covers a large range o f methodologies, and tactical activities throughout the product 

life cycle [Mor93],

Figure 2.1 shows a model o f the process o f reliability that the author proposes, as a high 

level view for reliability management within a company.

I (Inputs C Process
Perform ance A ssessm ent

Outputs

--- '
T3
G
CS

g e«uW) s
u Wj
On osc

cs

£

Information for 
Reliability

T
Reliability
Information

Information Flow

Figure 2.1 The Process of Reliability.
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Chapter 2 Reliability Program Plan

The model shows the process o f reliability, with a set o f inputs and outputs at three 

different levels, i.e. program management and control, program initiatives and information 

management, as shown in the vertical categories o f the figure. The inputs for the 

management and control level are the goals and requirements that give direction to the 

program and the level o f investment and resources allocated to the program and to the 

different initiatives. These are decided by managers and project leaders, helped in their 

decision by the process o f assessing performance and economical improvements achieved 

by the program. Although at the start this assessment is based on past-experience and 

managerial expertise, as the program progresses, the process results in a set o f outputs, 

such as cost savings, increase o f product reputation and increase o f sales, which will be 

parameters used for decision making. At an operational level, i.e. where the program 

initiatives carried out are shown, the inputs are obviously the equipment, materials, 

training and personnel dedicated to the their implementation. These initiatives cover a set 

o f methodologies all throughout the development process. The choice o f methodologies 

used, and the emphasis in each o f them will depend on the company, the product and the 

amount o f investment. They will generally be grouped in different categories as shown in 

the figure, i.e. supplier reliability and quality assurance, design for reliability, reliability in 

manufacture, statistical methods and models, reliability testing. Maintenance strategies 

and finally failure root cause and corrective action. The output o f the program initiatives 

has necessarily to be higher levels o f reliability, better maintainability or better availability 

o f the product. Finally the third perspective that needs to be looked at, deals with the flow 

o f  information. In any engineering activity having the right information at hand, is a key 

issue for ensuring success. This is particularly truth for reliability, since it is an activity that 

expands throughout the life cycle o f the product, and involves very different personnel and 

tools, at different phases. The exchange o f information, the proper storage o f data, and the 

building o f  knowledge and expertise through information management are essential for a 

successful reliability approach. Information management integrates the program in a 

framework for the operation o f the different methodologies. It guarantees information flow 

and feedback, knowledge management/storage and provides convenient tools for analyzing 

and reporting, as to support the program, and the decision making processes.

The different issues involved in program management and control, and the program 

initiatives, will be shown next. The information management requirements will result from 

this review. Finally the possible information infrastructures for reliability management will 

be discussed in chapter three.

8
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2.4 Program Management and Control
At a strategic level the key elements in implementing a successful reliability program are a 

continuous commitment o f managerial level with the project and a well-defined and well- 

structured program, with clear objectives and tasks. It is up to the decision makers to 

understand and assess the need for reliability, to analyze the economics involved, to 

foresee the directions to take and to estimate and allocate the resources that are needed in 

order to do so [Oco91]. The program will have a set o f outputs, in the form o f parameters 

or reports that would help managers in their decision making process. The three major 

issues from a managerial perspective are the economics o f  reliability, the reliability 

objectives and goal setting and finally the reliability activities allocation.

Reliability Economics

Achieving products with high reliability is a process that necessarily needs a certain level 

o f investment and resources. It can sometimes be expensive, particularly for complex 

products involving state o f the art technology. The benefits o f effectively improving 

reliability o f the product are sometimes difficult to measure. Apart from savings coming 

from warranties and liabilities, the value gained from a reliability program is to a large 

extent a subjective judgment, based on concepts like customer satisfaction and customer 

loyalty. Hence it is sometimes difficult to measure the profits that the reliability investment 

brings to the company.

The concept o f product life cycle forms the basis o f all current views o f product costing 

and is applicable to reliability cost analysis. It involves the concept o f life cycle cost, that is 

a holistic view o f the different phases o f the product, the different costs all through these 

phases, combined with the reliability information and evaluation o f design alternatives. 

Costing reliability requires assessing two different categories: the cost o f reliability, i.e. 

cost o f producing a product o f a certain level o f reliability, and the cost o f unreliability, i.e. 

the cost for the manufacturer if the product does not attain high reliability [Gra96],

Cost of Reliability (COR)

The concept o f cost o f reliability, i.e. the total cost that the manufacturers incurs during the 

design, manufacture and warranty period o f a product o f a given reliability can be grouped 

in three categories, as follows [Gra96];

• Cost o f failure. Yield losses caused by reliability screens and tests; cost o f 

downtime in manufacturing equipment related to failure investigation; Scrap and

9



Chapter 2 Reliability Program Plan

rework costs, including costs o f related work in progress, space requirement for 

scrap and rework, associated documentation and related overheads. Cost o f failure 

analysis in the support phase.

• Reliability Appraisal. Life testing, environmental testing, failure data reporting and 

analysis or reliability modeling.

• Prevention. Design for reliability, reliability standards and guidelines development, 

customer requirements research, product qualification, reliability screens, design 

review, reliability training and any other reliability activity related to the concept, 

design and production phases.

The cost information must be further restructured by product, process, segment or

department to identify major contributors and therefore opportunities for improvement.

Cost of Unreliability

The cost o f unreliability can be viewed as the savings for the company if a reliable product

is manufactured. An example o f cost o f unreliability is shown in the table below.

Cost o f Unreliability Analysis
Direct Costs
1 W arranty repair costs Number of warranted units * years of 

warranty contract * average cost per 
year

Number of warranted units 
from market projections. 
Average cost per year based on 
warranty analysis of product.

2 Spares production and 
inventory for warranty  
support. Spare costs

To be determined by analysis (e.g. 
Poisson Model, simulation)

Using inputs of call rate, 
proportion of calls requiring 
spares, spares costs, 
probability level of having 
spares in stock...

3 Net o f profits on post­
w arranty repairs and 
spares

Annual profit on post-warranty spares 
and repair, analysis similar to 
warranty cost but related to post­
warranty equipment utilization.

Indirect Costs
1 Service O rganization Training manuals, overheads during 

warranty period contribution
Estimate: 50% of annual 
warranty cost in first two 
years, 25% thereafter

2 Product reputation Estimate: agreed function of 
call rate, or of warranty cost.

Table 2.1 Cost o f Unreliability Analysis.

Performance Parameters

The analysis o f cost o f unreliability can include outputs such as the cost o f warranty for a 

single product per year, a list o f frequent warranty failures or a list o f top costly warranty 

failures. As a result o f this outputs some analysis can be carried out such as comparison 

between different costs for ranges o f products o f list o f critical items for a given product. 

Generally the structure o f the warranty, or cost o f failure information is not specifically 

designed for doing reliability analysis. It can sometimes be necessary to redefine this

10



Chapter 2 Reliability Program Plan

structure in order to make it more suitable, or to develop a separate entity for monitoring 

this cost o f failures.

The service and staff character o f the reliability engineering and assurance function 

justifies a closer look at its cost-effectiveness. Its contribution to cost savings and value 

creation is indirect, and therefore management metrics and goals are also indirect. The 

following list represents an example o f a reasonable set o f variables allowing performance 

assessment [Oco91],

• Cost o f reliability engineering as a percentage o f R&D cost, totals yearly and for each 

individual project

• Cost o f reliability engineering as a percentage o f cost o f quality

• Cost o f reliability engineering service hour, actual and compared to charges by external 

service companies and laboratories.

• Percentage o f designers trained in design for reliability

• Percentage o f service requests fulfilled on time

• Number and percentage o f service requests not accepted

• Cost o f reliability engineering as a percentage o f warranty cost

• Product warranty failure rate

• Customer-perceived company product reliability rank relative to key competitive

products.

Reliability Goal Setting

For every process, program or plan in the organization, the first activity the needs to be 

carried out, is the establishment o f a set o f goals and requirements that give direction to the 

plan. Goals are used to focus organizational attention on desired results and to serve as 

standards against which achievements can be measured.

Goals must have a common direction, a higher purpose, but must always stay with what 

can realistically be supported. General procedures in order to establish goals in a 

reasonable manner can be developed. Table 2.2 shows a set o f steps that helps establishing 

reliability goals and that ensures that they are ranked in an appropriate way.

11
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Goal Setting

1 Clarify what is needed or desired
2 Review the organizational major unit purpose, establishing the goal, purposes and 
missions of the sub-units that conform the major one.
3 Identify desired key result areas.
4 Select goal candidates
5 Determine where the highest payoffs are likely.
6 Consider resources required to pursue each goal to a conclusion.
7 Identify any impediments or risks to goal achievement and determine whether 
they can be overcome.
8 Rank candidate goals according to ease of achievement in combination with 
degree of pay-off
9 Consider goal interdependencies and adjust goal candidates for maximum 
coordination and mutual reinforcement.
10 Examine goals for relevance, attainability, supportability, compatibility and 
acceptability.
11 Make final selection of goals and establish deadlines for achievement
12 Develop action plans for key goals. Translate them into requirements.
14 Communicate goals in writing.
15 Periodically review progress toward goal achievement and adjust.

Table 2.2 Goal Setting Check List.

Some examples o f goals set in the context o f a reliability program plan would be as

follows;

• Establish reliability requirements or values.

• Define the structure that has to be put in place for supporting reliability activities, with 

a time frame to have it efficiently operative.

• Specify the data collection procedures or systems; allocate responsibility and time 

frame to have it efficiently operative.

• Specify an information management system that links the different activities, and 

serves as foundation for the program. Time frame.

• Design the training program, personnel recruitment, and exterior services if necessary.

Reliability Requirements

Translating goals into requirements is absolutely necessary for connecting the strategic 

perspective to the engineering activity. The requirements are the final measurable 

parameter that will allow project leaders, engineers, managers and customers to assess and 

decide whether value added by reliability is sufficient or not. Two common parameters 

used are MTBF when a constant failure rate is assumed, and a B-life, related to Weibull 

life distributions. Requirement should be integrated into a reliability specification that

12
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includes a definition o f the failure modes, a description o f the environment, and finally the 

statement o f the reliability requirement. An example o f reliability specification is given in 

the table 2.3. range o f other specifications.

Reliability Specifications
Part Name Engine 2.2 liters
Part Number 23-0798
Definition of Failure Engine stops transmitting power. (1) 

Engine runs with high level of noise. (2) 
Engine runs with extra need of fuel. (3) 
Excessive Vibration. (4)

Environmental Engine Speed; 2200 rpm
Specifications Engine Load:

Reliability Requirements Mean Time To Failure (1) 35.000 hours
No failure before 25.000 hours
Weibull distribution two parameters (SA 1001)*

Table 2.3 Reliability Specifications.

Reliability Activities Allocation

The program surveillance and control tasks usually rely in managerial positions with the 

adequate feedback and inputs from reliability engineering activities.

The rest o f the activities that are integrated in the product development process should be 

allocated among engineering personnel. It is important to understand that these tasks are 

not specific o f the reliability engineers. In the same way that all the aspects o f  product 

development are involved in reliability improvement, an efficient reliability plan requires 

all the personnel involved in this process to collaborate in fulfilling these tasks, with the 

support o f training, reliability engineers or reliability experts. Consultancy can be an option 

considered in certain situations, but if the organization has recognized the need for 

implementing the program it is always desirable to build in the expertise within the 

company. Some of the functions that are specifically assigned to reliability personnel are 

doing reliability estimation/prediction and growth plans, participating in all design reviews 

and maintaining reliability data systems

2.5 Program Initiatives
Reliability is ultimately a process related to the life cycle o f the product. The life cycle o f 

the product is the process o f developing, manufacturing, commercializing and maintaining 

a product. Therefore reliability is a process with a set o f steps that are heavily influenced
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by the product life cycle. Creating a reliable product requires defining, assessing and 

maintaining reliability throughout the phases o f the product life cycle [Wgra96],

Therefore the reliability activities and methodologies are usually structured in groups, and 

each o f these groups is tied to a certain phase o f the life cycle o f the product. Table 2.4 

shows the groups selected for the purpose o f this research.

Supplier Reliability and 
Quality Assurance

Product Selection and Evaluation 
Supplier Qualification Process & Audits 
Incoming Inspection.

Design for Reliability Environment Analysis
Load-Strengh Analysis
Failure Mode Effect & Criticality Analysis
Fault Tree Analysis
Critical Items List
Design reviews
Thermal Design & Worst case Analysis

Statistical methods and 
Models in Reliability

Statistical Analysis of Data 
Life-Time Distributions 
Probabilistic Engineering Design 
Reliability Modeling and Prediction 
Reliability Allocation

Reliability Testing Planning Reliability Testing 
Environmental Testing 
Accelerated Testing 
Endurance Testing

Reliability in Manufacture Reliability in Manufacture 
Quality

Maintenance Strategies Reliability Centered Maintenance 
Computer aided maintenance/troubleshooling

Failure Analysis-Root Cause 
and Corrective Action

Failure Analysis Structure
Failure Analysis & Corrective Action Process

Table 2.4 Reliability Initiatives and Methodologies.

2.6 Supplier Reliability and Quality Assurance
It is very common in engineering companies that a substantial proportion o f the finished 

product consists o f components produced by suppliers. Therefore, if a successful reliability 

plan is to be implemented, it is necessary to monitor supplier quality and reliability and to 

find a way o f assuring it meets the specifications set for the final product [POc92],

The three major issues to consider:

• Evaluation o f products and suppliers;

• establishing the right communication and information paths with your chosen 

suppliers;

• carrying out a monitoring or control activity throughout production o f products in 

order to maintain initial parameters.

14
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Product Selection and Evaluation

The most important task in product acquisition is selection o f the correct product. This 

involves comparing alternatives, but even if there is seemingly no choice it is still 

necessary to evaluate whether the item that is, or will be, available will meet the intended 

application’s requirements.

The facts involved in product evaluation fall into two groups: product effectiveness and 

product cost. Cost factors should not be included since the effectiveness o f a product 

should be assessed versus the cost, using this term to mean Life Cycle Costs (LCC), and 

not just acquisition price. Effectiveness is best assessed in terms o f a combination o f the 

characteristics relevant to the system or product, these include capability, functional 

quality, legal factors, and o f course reliability, durability and maintainability [Bla92]. 

Evaluating product’ s reliability can be difficult. Most supplier-written product 

specifications give only very limited, if any, reliability information and, even when some 

reliability figures are given, it is often uncertain just how dependable and how applicable 

to ongoing production they are. Some actions that permit reliability evaluation are:

• Verification that the product’ s operational and environmental requirements are within 

specification.

• Verification that the supplier has an adequate quality assurance system.

• An enquiry about which reliability assurance tasks were performed during design and 

development such as environmental stress analysis, parts stress analysis, FMECA, 

formal design reviews or reliability growth testing.

• Enquiry and evaluation concerning product qualification testing.

• Enquiry and evaluation as to the reliability screening, e.g. burn-in and environmental 

stress screening (ESS).

• Enquiry as to the production acceptance testing performed prior to release for delivery.

• Assessment o f any quantitative reliability data supplied by the producer, either as part 

o f the product data sheet or documentation or on request.

• Evaluation o f failure detectability. This is important for functional modes

A common way o f describing reliability requirements is through a reliability figure or 

merit, such as mean time between failures, failure rate, mean time between maintenance or 

availability. The customer will typically specify the desired figure or merit contractually in 

engineering documents, and will base it on system criticality or safety; reliability o f 

available components; target cost; and repair, replacement, servicing and maintenance 

costs [Dav94],

15
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Supplier Qualification Process & Audits

The supplier’ s product is a result o f its processes, from design to shipment. Determining 

which supplier has the best processes, or at least the willingness to continually improve its 

processes, is much better than exhaustively inspecting and testing the product, hoping to 

detect defects or process changes before they are installed in the product. Once the best 

supplier candidate is selected, the surest way to achieve high reliability is to work with that 

supplier, starting with the design process, and then continuing through manufacturing, test, 

and shipping. It is responsibility o f the project leader and/or manager o f the reliability 

activity to create and maintain this mutual

It is a good idea to set up continuing monitor o f the supplier’ s processes. It is also 

interesting to track the factory and field failure rates and feed this information back to the 

supplier on a regular basis [Gra96], The reliability specifications coming from the 

suppliers, their test procedures, their analysis o f failures and every other document related 

to reliability, must be available for the project leader and personnel involved in the 

reliability activity.

Vendor Rating

Vendor rating schemes have the purpose o f providing a measure o f vendor performance in 

the areas o f quality and service in order to permit comparative assessment o f competing 

suppliers, to draw attention to weaknesses, and to encourage vendor to improve their 

performance by making them aware that it is monitored [Bla92]. Rating schemes are 

usually based on quality and service measures. Quality indicators include possession of 

quality systems, percentage o f product rejected, or failure rate. Service indicators can be 

punctuality o f delivery, response time to enquiries or willingness and ability to respond to 

requests.

Incoming Inspection

The incoming inspection o f components and parts received from suppliers in a regular 

basis is a common practice in industry today, and it does not need further description. 

From the conventional random sampling techniques, to the statistical designed sampling 

methodologies, some o f the issues to be considered are setting standards, calibration and 

testing methods, determining parameters to be judged, establishing sampling plans, and 

frequency o f inspection, etc. Convenient reporting o f this and o f the results from inspection 

is absolutely necessary for making it an efficient process.
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2.7 Design for Reliability
The reliability o f a product is strongly influenced by decisions made during the design 

process. Deficiencies in design affect all items produced and are progressively more 

expensive to correct as development proceeds. It is often not economic or possible to 

change a design once production has started. Therefore it is essential to focus in disciplines 

at this stage, that minimize the possibility o f failure and which allow design deficiencies to 

be detected and corrected as early as possible [Dun80].

Apart from the methodologies that will be shown next, the designer must be aware o f the 

materials, processes, components, production methods, design rules and guidelines, costs 

and much else in order to create a good design.

Environment Analysis

Environmental analysis consists on a careful review of the environments in which the 

product is expected to be stored, operated and maintained. The assessment must include all 

aspects that could affect the product’ s operation, safety and reliability. Physical factors 

include temperature, vibration, shock, humidity and pressure. Environmental aspects 

should be reviewed systematically, and the review should be properly documented 

[Car97]. The protective measures to be taken must be identified, as appropriate to storage, 

transport, handling, operation and maintenance. Environment analysis must be compulsory 

for critical components. It is also important that it takes a standard form to allow flexible 

exchange and proper interpretation o f its results.

Load-Strength Analysis

Load-Strength analysis is a procedure to ensure that all load and strength aspects have been 

considered in deriving the design, and if necessary in planning o f tests [Kap77]. The table 

below is an example o f a hypothetical load-strength analysis for an assembly. The example 

shows approaches that can be used for different aspects o f the analysis.
Item
(mat, func)

W orst case 
load/com bined

Frequency/prob  
o f occurrence

Data
source

Combined
effect

Strength Remarks

Rivet (*4 ) 
(Aluminium, 
fix ing bracket to 
plastic frame)

1. 50 N  total, 
axial

Continuous - - Plastic 
frame is 
weak link

L ife test to 
confirm  
Thickness o f  
plastic frame at 
bracket
attachment may 
be critical feature

2. 40  N , lateral 
impact

See load 
distribution 
annex 1

Operating
Data

Com bine 
with 1
Degradation

3. Temperature
0 -3 5"C

NIL NIL
effect

Solenoid C oil 1. 32 V  (at 
27°C )

1/104 h Data on 
pow er 
supply 
variation

72°C Insulation 
limited to 
70"C

Overvoltage 
protection or 
im proved coo lin g  
needed

2. 4571 ambient 1/102 h

Table 2.5 Load-Strength Analysis.
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Event probabilities can be expressed as full distributions, or as the likelihood o f a 

particular limiting case being exceeded [Car97]. The former is more appropriate when the 

load can cause degradation, or if a more detailed reliability assessment is required.

Load Strength Interference

In conventional design, failure is prevented by assuring that the design’s strength exceeds 

the applied load with an adequate safety factor. Load and strength have to be considered in 

the widest sense. Load might refer to mechanical stress, voltage or temperature and 

strength describes physical properties such as hardness, strength or melting point. In the 

real world, the values for strength and load depend on a set o f conditions, and therefore 

vary with those, so that they may be more accurately represented by a statistical 

distribution [Car97]. This approach is called probabilistic engineering design, and will be 

described further in the section dedicated to statistical methods section.

Failure Modes, Effects and Criticality Analysis (FMECA)

This methodology is probably the most widely used and most effective reliability analysis 

method. It is extremely relevant in the design process. It obliges the design team to review 

their developments and involves other engineers in this process so that an external source, 

with different perspective can also participate in this process. The principle o f FMECA is 

to consider each mode o f failure o f every component o f a system and to ascertain the 

effects on system operation o f each failure mode in turn. Failure modes are then classified 

in relation to the severity o f their effects [Gra96].

An FMECA intends to:

• Recognize and evaluate the potential failure o f a product/process and its effects.

• Identify actions that could eliminate or reduce the chance o f potential failure 

occurring.

• Document the process.

Ideally the best results are obtained when an appropriate team is gathered to perform the 

analysis. Using the collective knowledge o f the team helps to assure the development o f 

both a reliable product and a reliable process. The core FMECA team should be cross­

functional in nature and include product engineers (component and system), manufacturing 

or assembly process engineers, reliability engineers and quality engineers 

The FMECA requires a great input o f information. Some of information that is usually 

required for an efficient analysis is [Sta97]:
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• Past Experience. Historical documents describing similar products, materials and 

processes.

• Present Needs. Design specifications, checklists, guidelines and rules.

• Overall Requirements. Customer’ s requirements. Functional specifications. Usage 

environments. Requirements for shipping, handling and storage. Government and safety 

regulations. Standards including internal policies and/or objectives. Recyclability 

requirements.

• Other Information Sources. Process flow diagrams, control plans, manufacturing 

feasibility studies, previous data on reliability/warranty/field service/customer returns. 

Quality function deployments, competitive quality studies.

• Block diagrams. Hierarchy block diagrams, functional block diagrams or reliability 

block diagrams

The FMECA should be performed iteratively as the design evolves, so that the analysis 

can be used to influence the design and to provide documentation o f the eventually 

completed design. Tests results should be used to update the analysis |Bow99].

Fault Tree Analysis (FTA)

Fault tree analysis (FTA) is a reliability/safety design analysis technique, which starts from 

consideration o f system failure effects, referred to as ‘top events’ . The analysis proceeds 

by determining how these can be caused by individual or combined lower level failures or 

events. It differs from FMECA in being strictly a top-down approach and in considering 

multiple failures as a matter o f course. Different FTA have to be constructed for each 

defined top event which can be caused by different failure modes or different logical 

connections between failure events [Car97],

Quantitative Evaluation o f the FTA can be carried out if probabilities o f occurrence values 

are known. In most cases, it will be more convenient to use computer software to perform 

these calculations. The logical approach o f the FTA is very useful for system safety 

analysis, to assess potential hazards. The FTA is also an excellent reference for 

troubleshooting techniques and maintenance manuals, because o f the way it starts with 

atop-level fault and deductively determines the root causes. Finally the FTA can also be 

used throughout the designing team as a reference document for a number o f other 

reliability activities, such as failure analysis, design-level FMEA, process-level FEMA and 

design reviews.

An example o f a Fault Tree Analysis is given in the figure 2.4.
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Figure 2.2 FTA o f  a C ooling system.

Critical Item List

The critical items list is a summary o f  the items shown by the other analyses to be likely 

either to have an appreciable effect on the product’ s reliability or to involve uncertainty. Its 

purpose is to highlight these items and summarize the action being taken to reduce the 

risks. The initial list will be based upon the design analyses, but updated will take account 

o f  test results, design changes and service data as the project develops. The critical items 

list is a top document for management reporting and action as it summarizes the important 

reliability problem s [O co91]. Therefore, it should not usually include more than ten items 

and these should be ranked in order o f  criticality, so that management attention can be 

focused upon the few  m ost important problems. The critical items list should provide only 

identification o f  the problem s and a very brief description and status report, with references 

to other relevant reports.

Design Reviews

During any design process it is highly desirable that occasional formal meetings, known as 

design reviews or milestone reviews are held. These sessions should ideally involve all
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those concerned with the design, both to review progress and to ensure adequate 

communication. The number o f reviews required depends on the size and importance o f 

the project. In general about three major reviews are considered adequate, though 

additional minor reviews may be necessary [Car97]. To be o f continuing value, the design 

analyses must be updated continually as design and development proceed. Each formal 

review must be based upon analyses o f the design as it stands and supported by test data, 

parts assessments, etc. The analyses should be scheduled as part o f the design program, 

with design reviews scheduled at suitable intervals. The reviews should be planned well in 

advance and the designer must be fully aware o f the procedure. All people attending must 

also be briefed in advance, so they do not waste review time by trying to understand basic 

features. Therefore, all attendees must be provided with a copy o f  all formal analysis 

reports such as reliability objectives, predictions, load-strength analysis, critical items list, 

FMECA, FT A, and a description o f the item with appropriate design data such as drawings 

[Oco91],

The design reviews should be major milestones in a project’ s evolution. They are not 

concerned solely with reliability, o f course, but reliability engineers have considerably 

influenced the ways that modern design reviews are conducted, and design reviews are key 

event in reliability programs.

Thermal & Worst Case Design

Thermal design is simply the practice o f designing a product so that every component 

experiences the smallest possible temperature rise and never exceeds a reasonable 

percentage o f its maximum temperature rating. Not only does this design approach 

increase the reliability o f the product, but it also can improve performance when hot. 

Because the heat generated by one part can affect a neighboring one, thermal design is not 

an easy task. Also, heat is transferred by three mechanisms: conduction, convection and 

radiation. They are not linear and they are affected by ambient temperature, altitude, 

relative humidity and air velocity. Quite sophisticated thermal analysis and simulation 

software programs which can perform three-dimensional modeling rapidly and accurately 

are available [Kap77].

Worst case analysis obviously interacts with thermal design, since maximum input or 

output will generally result in maximum temperature rise. Other elements o f worst-case
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2.8 Statistical Methods and Models in Reliability
The traditional approach o f engineering towards failure has always been deterministic. In 

this approach, there are a certain number o f parameters, fixed values that describe the 

problem, or the causes o f failure. However, when dealing with reliability, this approach is 

not valid anymore. An engineer cannot talk about the number o f failure for a determined 

type o f component, but to the probability o f failure. Variation is inherent in all 

manufacturing processes, and designers must understand the nature and extent o f possible 

variation in parts and processes used [Oco91], Statistical methods provide the means for 

analyzing, understanding and controlling variation.

Reliability Functions

The measure o f reliability o f an individual component is its lifetime, that is the time 

elapsing between its start o f life and the time at which it fails. Although, the variable is 

usually refer as time, and represented as t it can represent any suitable measure o f 

component usage, and it is a matter o f engineering judgment to choose the right one. The 

symbol t may refer to elapsed time, operating time, distance covered, number o f missions, 

or number o f on/off operations [Dav94];

The value o f t at which failure occurs, is, o f course unknown in advance. It is a random 

variable, which needs a probabilistic rather than deterministic approach. The key to 

modeling the lifetimes o f a series o f components o f the same type is the concept o f lifetime 

probability distribution. The Probability Density Function (pdf), f(t) represents the 

distribution over time o f the probability o f a components or part failing at a time t 

At any value o f t, the probability that the component has failed at or before this time is the 

area under the curve to the left [Dav94], This defines a new curve, called the Cumulative 

Distribution Function, and is denoted by F(t). At any point t*, the cumulative distribution 

function gives the value for the integral o f the probability density function from 1=0 to 

1=1*. So at every point t, the value given by F(t) is the probability that the component has 

failed at or before the time t, and this is generally referred to as the probability o f failure at 

time t. Reliability has been defined as the probability that the component has survived to 

time t, and this is exactly the complement o f the cumulative function, i.e. The fourth 

interesting function that is studied in the context o f reliability statistics, is the hazard rate 

function or failure rate function, h(t). At time t, h(t) is the probability o f failure, given 

survival to time t. A constant hazard rate means that the likelihood o f a failure is 

independent o f the age o f the component. This is the case when failure is due to random
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causes that are not dependent upon component age. Constant hazard rate is sometimes used 

because it is mathematically much simpler.

Increasing hazard rate implies that the component gets more likely to fail as time passes. 

This happens when the properties o f the component wear out with the passage o f time i.e. 

the components get old. This will occur in any situation where corrosion, wear or fatigue 

are present. Therefore it is the most common hazard rate behavior when dealing with 

mechanical components.

A decreasing hazard rate is found when the component gets less likely to fail, as it gets 

older. A  common situation where this could happen is when the component is highly 

stressed due to misalignment and the stress is reduced as the component deforms 

elastically [Dav94].

Expected Life, Mean Time to Failure, MTTF and Mean time Between Failure, MTBF

The expected life, or the expected time during which a component will perform 

successfully, is defined as the integral o f the reliability function, i.e. an average o f the 

survival time. When the system being tested is renewed through maintenance and repairs, 

Eft) is also known as the mean time between failures or mean time to failure. The mean 

time to failure, should be used when the failure distribution function is specified, because 

the reliability level implied by the MTTF depends on the underlying failure distribution. 

Two failure distributions can have the same MTTF and yet product different reliability 

levels [Kap77].

Life-Time Distribution Functions

A statistical distribution is fully described by its pdf or probability density function1. All 

the other functions commonly used in reliability engineering, can be determined directly 

from the pdf definition. Once the shape o f the pdf function is defined, all the other relevant 

functions, i.e. the reliability function, the failure rate function, and all the statistical 

parameters can be calculated [Rel97],

The pdf function can have different shapes, and there are a number o f standard shapes, that 

can be found in any statistical book. These functions are called lifetime distributions, and 

are usually mathematical distributions with certain parameters, that have proven to 

represent pretty accurately probabilities o f processes from the real life. This means that 

these distributions developed mathematically fit experimental data coming from real world 

processes, tests or data. Once a distribution is associated with a real life process, 

predictions and calculations can be made using the statistical model. This is the basis o f

' M ore inform ation and details on the distributions used in reliability work are given  in appendix 1.
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reliability assessment and reliability predictions. Some o f the most common distributions 

used in engineering problems are the Normal , the Lognormal, the Exponential, the 

Weibull, and the Gamma distribution functions. Methodologies have been developed in 

order to assign the appropriate mathematical distribution to a real life behavior. The first 

step generally consists o f designing and carrying out tests with a representative sample o f 

population The results o f these tests are then plotted following certain directions (that 

depend upon the type o f analysis). The remaining task is fitting a curve to these points that 

proves to simulate the real behavior with a certain degree o f confidence. Choosing the right 

curve is a matter o f experience and o f having sufficient quality data. The use o f software 

tools can speed up the process, and facilitate calculations and comparison o f different 

options. There are a number o f statistical methods and procedures to assess the process.

Probabilistic Engineering Design

The basis o f the concept o f reliability is that a given component has a certain stress 

resisting capacity; if the stress caused by the operating conditions exceeds this capacity, 

failure occurs. The traditional design approach, which is based on arbitrary multipliers 

such as safety factors and safety margins, give no indication o f the failure probability o f 

the component. In some cases, using a safety factor above a certain preconceived 

magnitude can be the solution for a component failure, but in most o f the cases, the failure 

probability may vary from a low to an intolerably high value for the same safety factor. 

Using a safety factor is justified only when its value is based on considerable experience 

with parts similar to the one under consideration [Kap77].

It seems then, that the conventional design approach is not adequate from a reliability 

perspective, and for a number o f years, a new approach based on statistical analysis has 

been developed2. This methodology does consider the probabilistic nature o f the design 

that is needed in component reliability. This is the so-called probabilistic design. In 

summary, this methodology identifies explicitly all the design variables and parameters, it 

determines the stress and the strength distributions, and then calculates the probability o f 

failure o f the component, by looking at the probability o f interference o f stress and strength 

distributions.

2 A  more detailed description on probabilistic engineerin design is g iven  in appendix 2.
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Reliability Modelling and Prediction

An accurate prediction of the reliability of a new product before it is manufactured or 
marketed is obviously highly desirable. Depending upon the product and its market, 
advance knowledge of reliability would allow accurate forecasts to be made of support 
costs, space requirements or warranty costs [Oco91]. Even for current products, finding 
reliability parameters, allow engineers to assess improvements, market personnel to use it 
as sales tools, and the business planers to asses the benefits of different maintenance and 
service contracting procedures.

Reliability Block Diagrams

A  reliability model is usually built in the same way as design block  diagrams3. The system 

is represented trough a series o f  blocks, each o f  these b lock  being a sub-system or 

com ponent. The blocks are connected on a functional or logical way, and show  

redundancies, series operation or parallel configuration. Specially when dealing with 

mechanical com ponents, reliability and availability prediction and m odeling o f  systems 

can lead to com plex  problem s even for the simplest products when items like repair times, 

testing and m onitoring are taken into account. H ow ever they can be useful as a form  o f  

design review. The series configuration is probably the m ost com m only  encountered model 

and, fortunately, is also the simplest to analyze. In a series system all subsystems must 

operate successfully i f  the system is to function. A  parallel system is a system that is not 

considered to have failed unless all com ponents have failed. In reality the standby 

redundant and share parallel arrangement are m ore often used, particularly in mechanical 

systems [Kap77], Sim ple com binations o f  parallel and series subsystems are easily 

analyzed by successively collapsing subsystems into equivalent parallel or series 

com ponents. An exam ple would be the arrangement shown below .

8LOCWD BLOCK1 BLOCK2

Valve 1 » Pumpl t  Valve 2

MTTF=10000 MTTF=4000 MTTF='10000

BLOCKS BL0CK4 BLOCI<5

Valve 3 1, , Pump2  ̂ Valve 4

M TTF= 1200 MTTF=4000 M TTF-1 2 0 0

Figure 2.3 Reliability m odels: Series and Parallel System.

3 Furhter details and inform ation on reliability block diagram s sim ularion can be found in appendix 3.
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Reliability Prediction

The most interesting part o f this section, as to mechanical reliability, and for the purpose o f 

this project, is that o f assigning parameters or values to these blocks that simulate 

somehow the behavior o f the part or component.

This is the direct result from the statistical analysis that models the lifetime o f the 

component with a lifetime distribution, from those covered earlier on in this section. The 

process o f doing this consists o f obtaining life time data, preparing the data for the 

analysis, finding the best-fit distribution for the data obtained and determining the 

parameters o f the distribution for that particular component. Finally a decision is to be 

made on what parameters represent better the behavior o f the component with time, and 

give more information on the reliability o f the component [Bla92],

Some o f the most commonly used parameters are listed below;

• Failure Rate. The failure rate o f a component, as defined before, is the rate o f failure 

o f the component, i.e. the probability o f failure given survival to that point. The fact 

that the failure rate is increasing, constant or decreasing gives a good first bit o f 

information as to what is expected to happen, and what failure mode is relevant.

• Mean Time to Failure (MTTF). The mean time to failure is like an average o f the 

number o f hours that the component will last. It is applied to non-reparable 

components. It is an interesting parameter, and it must be always considered, but it can 

also be misunderstood. The fact that a component has a large mean time to failure, does 

not exclude the possibility o f having a considerable number o f components failing at 

early hours.

• Mean Time Between Failures (MTBF). This concept is generally applied to all sort 

o f components, when in reality it can only be used in the case o f repairable items. 

Whilst the sub-systems and parts will have a MTTF, the system as a whole, will have 

an MTBF, that is built from the different MTTF’s o f the components. However if a 

reliability block diagram has not been developed for the system, as it is usually the case 

in complex products, the MTTF is meaningless.

• B life for Weibull distributions. When a Weibull distribution is used to reproduce 

the reliability behavior o f the component, a useful parameter to be given is the B life. 

BIO, refers to the number o f hours at which 10% o f the components would have failed. 

Depending on the percentage of failure that the component has, one percentage or other 

is chosen for this parameter.

• Risks numbers. The risk number is the percentage o f components that are likely to 

have failed for a given number o f hours. It is somehow the opposite concept to the B
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life, and together with the mean life, it can also give a good picture o f what number o f 

failures to expect from a component.

Monte Carlo Simulation

In a Monte Carlo Simulation, a logical model o f the system being analyzed is repeatedly 

evaluated, each run using different values o f the distributed parameters. The selection o f 

parameter values is made randomly, but with probabilities governed by the relevant 

distribution functions [Oco91],

Monte Carlo Simulation can be used for system reliability and availability modeling, using 

suitable computer programs. Since Monte Carlo simulation involves no complex 

mathematical analysis, it is an attractive approach. It is relatively easy way to model 

complex systems, and the input algorithms are easy to understand. There are no constraints 

regarding the nature o f input assumptions on parameters such as failure and repair rates, so 

non-constant values can be used.

Markov Analysis

Markov Analysis is one o f the so-called state-time analysis. This analysis is applied when 

the system or component can be in one o f two states, e.g. failed, non-failed, and if the 

probabilities associated with these states are known. The Markov method can be applied to 

reliability predictions assuming constant hazard rates and assuming that the future states o f 

the system are independent o f the past states except the immediately preceding one. 

Computer programs have been developed to perform Markov analysis, and most o f the 

reliability software packages include it as an option [Car97],

Reliability Allocation

Reliability and design engineers must translate overall system performance, including 

reliability into component performance. Reliability allocation is the process o f assigning 

reliability requirements to the individual parts o f the system in order to achieve the overall 

reliability goal that has been specified. This process can be complex, especially when there 

is a lack o f information concerning important issues such as the role o f the component for 

the functioning o f the system, the method o f accomplishing this function or the complexity 

of the component [Kap77].

Most o f the basic reliability allocation models are based on the assumption that component 

failures are independent, the failure o f any component results in system failure and that the 

failure rates o f the component are constant. There is a choice o f allocation methods. The 

equal apportionment technique assigns equal reliabilities to all the subsystems in order to
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achieve a specified level or reliability for the total system. The main drawback o f this 

method is that the subsystem reliability goals are not assigned in accordance with the 

degree o f difficulty associated with meeting them. In the AR1NC method the assumption is 

that the subsystems are in series with constant failure rates and the failure rate assigned to 

each component is based on relative weighting factors that are functions o f  the past failure 

rates o f the subsystems. The AGREE allocation method is more sophisticated than the 

previous methods. This method is based on component or subsystem complexity and 

explicitly considers the relationship between component and system failure. The AGREE 

formula is used to determine the minimum MTBF for each component required to meet the 

system reliability. It is usually applied in electronic equipment, and is based on assessing 

the complexity o f a component based on the number o f modules and circuitry o f the 

component. These are some examples o f allocation algorithms that can be used depending 

on the different circumstances. Reliability software packages usually include one or more 

o f these methods4.

2.9 Reliability Testing
In modern industry, testing has become an integral part o f the engineering product 

development process. It is the activity responsible for evaluating the design at the earliest 

stage possible, when failures can be corrected easily and at a minimum expense. Especially 

in some situations, when developments risks are high, having an integrated test program 

becomes critical in terms o f time and resources. Testing, o f course, requires a certain 

amount o f investment, and in some cases, this effort may not pay back in useful results. It 

is the responsibility o f the managerial level, to determine the amount o f effort and capital 

expenditure in the area o f testing.

Reliability testing, is the area o f testing that concentrates on discovering causes o f failure 

o f the component or system, that have been left out in the design analysis. As well as that, 

reliability testing assesses the damage caused by the failure modes, and tries to determine 

the parameters or sources o f failure. Reliability testing should be considered as a part o f an 

integrated test program that should include statistical tests, functional tests, environmental 

tests, reliability tests, and when appropriate safety testing [Oco91], These categories are 

not completely independent, and a good communication and interaction between them is 

necessary to minimize the effort and maximize the efficiency o f the results.

The basic general requirements for any type o f testing activity, and also for the reliability 

testing are:

4 A  brief descriptio on each o f  the m ethods listed, is given  in appendix 4.
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■ Complete set o f specifications on component design, manufacturing processes, 

operating conditions, environmental conditions and handling and storage situations.

■ Description and requirements for testing equipment and facilities.

■ Standards or mandatory regulations on the performance and operation o f the 

component/system. Standards on testing for quality assurance programs.

■ Test and failure reporting system, common to all the design activities, and shared by all 

the product development team.

■ Test schedule.

Planning Reliability Testing

Planning reliability testing involves firstly reviewing all the design analysis techniques that 

have already been covered in this chapter. Documents and data coming from FMECAs, 

FTAs, design reviews, environment analysis, etc. must be considered. These should have 

highlighted the risks and uncertainties in the design and the reliability test program should 

specifically address these [Bla92].

Analyzing time effects involves looking at the pattern o f the main failure modes with 

respect o f time, and deciding whether is cycles, distances, time, on-offs, start-stops, voltage 

drops, etc. Once the measuring unit has been chosen, then a prediction o f  what the failure 

rate behavior is going to be should also be made. This means deciding whether the failure 

rate is constant, increasing, or decreasing with this time unit. If the failure modes have 

increasing hazard rates, testing must be directed towards assuring adequate reliability 

during the expected life. Therefore reliability tests must be o f sufficient duration to 

demonstrate this, or else, they have to be accelerated as will be described later on. The first 

type o f tests is the so-called endurance tests, and the second are called accelerated tests.

Endurance Testing

In general all mechanical components and systems are subjected to wear and fatigue, i.e. 

increasing failure rates. Endurance testing o f components or systems, requires running the 

component continuously, simulating the real operating and environmental conditions, and 

the purpose o f the test is to determine whether the component survives the estimated life or 

reliability parameter given in the design analysis, or not. The testing parameters, such as 

environmental and operating conditions, would ideally be monitored, so in case o f failure, 

they can be studied, in order to associate the failure with one o f these parameters, and 

therefore be able to re-design to meet new requirements. Endurance testing is very useful, 

as it is a real life test, although it has some disadvantages. The main disadvantage being
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that the component has to be tested for long periods of time, and it is unlikely that the 

component is not released for production before the end o f the endurance test. Hence, 

although the failure might be identified, it is sometimes a bit too late. In this case, failure 

might be already happening on the field, with consequent customer dissatisfaction, and 

also the cost o f re-designing has gone very high, since products are already in production. 

In summary, although endurance testing o f the product is highly desirable to anticipate 

possible problems, it is not the most efficient type o f reliability testing, specially when 

mean time o f components is meant to be high (this is the case o f most o f the mechanical 

and electrical components in today’ s market) [Oco91],

Environmental Testing

Reliability is strongly influenced by time effects, and also by environmental or operating 

conditions. Therefore the reliability test program must cover the range o f environmental 

conditions, which the product is likely to have to endure. Some o f the typical 

environmental factors affecting most products are temperature, vibration, shock, humidity, 

power input and output, dirt, people, and in the case o f electronic equipment 

electromagnetic effects, and voltage transients, including static electrical discharge. Certain 

other environments, can affect reliability in special cases, such as radiation, lubricant age 

or contamination, high altitude, space vacuum, industrial pollution, electromagnetic pulse, 

salt-spray, fungus or high intensity noise. Standards have been developed that cover some 

o f the specifications in environmental testing. However, these standards do not address 

reliability directly, since the objective is to show that the product will not fail or incur 

damage under the test conditions. Most o f these tests do not require the equipment to be 

operating during the tests, an issue that is critical for reliability testing. As well as this, 

generally these specifications do not cover combined environmental situations, and are 

usually single-environment situations.

The environmental aspects o f reliability testing must be determined by considering which 

environmental conditions, singly and in combination with others are likely to be the most 

critical from the reliability point o f view. The best sources o f information would be past 

experience, and literature, or codes or practice.

When past experience or the standard methods available are not appropriate because o f the 

singularity o f the product or environment, then the evaluation o f the product environment 

must include the following information:
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■ For each condition, maximum and minimum values, as well as rate o f change o f

conditions. For example a high rate o f change o f temperature can cause fracture or

fatigue due to thermal mismatch or conductivity effects.

■ Operating dormant conditions in relation to outside environments.

■ Effect o f combined environments might be much more sever than any one condition.

■ Direction and modes o f vibration and shock.

Accelerated Tests

As discussed in the section o f endurance testing, sometimes the products test time 

necessary to provide adequate reliability assurance under normal operating conditions 

might be inordinately long, and therefore very expensive. Reliability initiatives, should not 

hold up development, and should be as economical as practicable, so it is important to be 

able to accelerate reliability tests.

Accelerated testing should be employed during the development phases o f a product, so 

that changes in design and manufacturing processes can be effected with minimum cost 

and delay.

Reliability tests can be accelerated by increasing the sample size in the cases where the life 

distribution does not show a wear out characteristic during the anticipated life. This is 

appropriate for small, cheap items, which can be produced in quantity such as electronic 

components or hydraulic seals. However the normal scenario in reliability testing is that 

components suffer from wearing out processes, and that small samples are preferred, 

because o f economical and practical issues. In this case the accelerated test is provided by 

increasing the severity o f the test. It is then necessary to evaluate the equivalent operating 

time under normal stress, and analyze whether failure induced under accelerated test 

conditions are the same as those that might occur under normal conditions.

Unfortunately, not every failure mechanism is accelerated by the same factor for a given 

stress. If sufficient data for each failure mechanism exist, then each mechanism’ s 

accelerating factor may be estimated. Otherwise, combining all the failures for the test 

process into one group and calculate and average acceleration factor, is the best that can be 

done.

2.10 Reliability In Manufacture
Once the design is agreed, and released, and the product goes into production, the 

reliability concerns are dealing with the variability that is inherent in every production 

process. The major objectives o f reliability in the manufacturing area are:
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• Controlling and minimizing variability.

• Identifying and solving problems.

However, these initiatives are not exclusively the objectives o f the reliability program, but 

are common to the reliability and quality departments. It is common scenario, that the 

reliability program is implemented in environments where quality control activities are 

already in operation and therefore, reliability in manufacture is not one o f the newly 

introduced techniques, but something that is already carried out, and that has to be 

integrated into the program.

Reliability & Quality

Integration o f quality and reliability activities, does not only concern the manufacturing 

aspects o f the life cycle, but all the other aspects, and it is necessary to make efficient use 

o f resources, and to achieve efficiently the objective o f delivering a quality product, that 

will attain high levels o f reliability. The approach for this integration varies for different 

organizations. In some cases, quality departments are given responsibility, and reliability 

teams are part o f QC. In some other situations, reliability is part o f the design group, 

independent from quality, and they collaborate through exchange o f information, 

equipment, resources, and in a teamwork environment [Gra96], Whatever the situation is, 

there are a few issues that are important in the integration side:

• Being able to operate a common failure data system.

• Being able to share tools, expertise, and information on the statistical methods used for 

design o f experiments, or analysis o f developments.

• Being able to share test equipment and test facilities.

In summary good communication, and ideally a common information system, is the 

platform for an efficient integration o f reliability and quality.

In this context, the techniques that are in charge o f controlling production variations are 

usually carried out by the quality department. They are not initiatives included in the 

implementation o f the reliability plan, and therefore they are out o f the scope o f  this thesis. 

Some o f these activities are as control o f production variability, statistical process control, 

acceptance sampling or manufacturing defect tracking and correction report [Baj83],

2.11 Maintenance Strategies
Most products are maintained during the support phase. Maintenance includes repair when 

failure occurs, as well as a certain amount o f scheduled re-work that prevents failure. The 

latter is especially relevant in mechanical applications. The maintainability o f a system is
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clearly governed by the design, which determines features such as accessibility, ease o f test 

and diagnosis and requirements for preventive maintenance actions. . Maintained systems 

may be subject to corrective and preventive maintenance. Corrective maintenance includes 

all action to return a system from a failed to an operating or available state. The amount o f 

corrective maintenance is therefore determined by reliability [Oco91]. Corrective 

maintenance cannot be planned. Preventive maintenance seeks to retain the system in an 

operational or available state by preventing failures from occurring, through scheduled 

tasks such as inspection, servicing or lubrication. Preventive maintenance affects reliability 

directly.

Preventive Maintenance Strategies

The effectiveness and economy of preventive maintenance can be maximized by taking 

account o f the time-to-failure distributions o f the maintained parts and the failure rate trend 

o f the system. If a part has a decreasing hazard rate, any replacement will increase the 

probability o f failure. If the hazard rate is constant, replacement sill make no difference to 

the failure probability. If a part has an increasing hazard rate, then scheduled replacement 

at any time will in theory improve reliability o f the system. Therefore in order to optimize 

preventive maintenance, it is necessary to know the following for each part:

• The time-to-failure distribution parameters for the main failure modes.

The effects o f all failure modes.

The cost o f failure.

The cost o f schedules replacement.

The likely effect o f maintenance on reliability.

Therefore preventive maintenance is not a separate activity from the reliability program, 

despite the fact that it is usually carried out by resources external to the organization. 

Preventive maintenance requires integration with the program, in order to feed from the 

information required. It is responsibility o f the organization, to assist in guidance o f 

preventive maintenance strategies, with the documents, information and tools adequate. 

Particularly FMECA and FT A are important sources o f information for maintenance 

planning, maintainability analysis and for preparation o f diagnostic procedures and 

checklists. FMECA documents can help in assessing failure modes, costs, safety 

implications and detectability. The likely causes o f failure symptoms can be traced back 

using the FMECA results together with FTA documents [Oco91],
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Design for Maintainability

Focus on design is important when systems are to be maintained. Design must allow for 

ease o f access and handling, for use o f standard tools and equipment, and eliminate need 

for delicate adjustment, so that maintenance tasks are easily performed. In this case, 

reliability does not suffer from degradation through maintenance and repair, and the 

maintenance costs are not too high.

Design rules and checklists should include guidance, based on experience o f the relevant 

systems, to aid design for maintainability and to guide design review teams. Apart from 

general best-practice knowledge on this issue, it is highly desirable to feed back as much 

information as possible from the maintenance operations, including costs, description o f 

failure modes and symptoms, and any remarks or comments from the operator’s in charge 

o f maintenance.

Managing Maintenance through backlog

Managing maintenance is necessary to manage reliability. Managing maintenance can be 

done in much the same way as managing production. The same way that operations uses 

manufacturing resource planners, maintenance can use a computerized system to assist in 

the process o f maintenance and to capture and store all the information valuable for 

making decisions in present or future. This is what is called a backlog system.

The work management process consists o f a number o f key steps: work identification, 

work planning, work scheduling, work accomplishment, work documentation and work 

analysis and measurement. Reliability comes at two levels: equipment and human. 

Through an effective work management process, human reliability is achieved. That is to 

say that the process is defined and followed, the teamwork among departments exists, 

people are held accountable and there is a continuous effort to solve problems. Backlog 

management contributed to lowest-cost reliability ensuring the right work is getting done at 

the right time and the right resources. It also contributed to problem solving, and it 

captures lots o f valuable information that is fed back to the organization in order to 

improve design, maintainability and costing tools.

2.12 Failure Analysis, Root Cause and Corrective Action
Failure o f the product, o f assemblies or components, occurs all through the life cycle o f the 

product. It occurs during testing, during production, and in the field, once the product has 

been marketed. It is extremely important to be aware o f the existence o f these failures, and 

to be able to have sufficient information as to determine the causes o f failure, and the
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probability o f further problems due to the same causes. As it has been already pointed out 

in this thesis, the reliability effort should focus on the development and design stage, 

because it is then, when the changes in the product can be implemented with less waste o f 

money and effort. However, it is not realistic to assume that the design effort is going to be 

in control o f all the parameters, operating conditions and environments. There are always a 

number o f aspects that have been missed in the design process, and that result in failures 

after design is released. Although this is not the ideal situation, it definitely is the real 

world, and the reliability program has to cater for this, providing a system o f failure 

analysis, root cause and corrective action, that will quickly and efficiently deal with these 

failures, solve them, and extract as much information from them as possible for further 

reference.

The major aspects to be considered for a good failure analysis system are [Gra96]:

• Organization. Definition o f the group o f people/department or team that is taking 

responsibility o f the failure analysis system. It needs to have authority and clear 

reporting team.

• Process o f failure analysis/ root cause. Definition o f a process and supporting structure 

for analyzing the failures, and discovering the root causes.

• Implementation o f corrective actions. Definition o f a process and supporting structure 

for taking effective corrective action to eliminate the root cause, and to check the 

efficiency o f these actions. Good documentation is part o f the corrective actions.

Failure Analysis Team

A group o f people, department or team, has to be appointed as the failure analysis team, as 

a part o f the organization o f the system. Generally this team has to be trained, together with 

other employees that might be involved in this activity, and has to be given the appropriate 

tools, meaning information structures, and also laboratories or equipment. Ideally, the 

failure analysis team should consist o f a group o f people coming from different areas, such 

as reliability, design, production and quality. After the necessary training, the team should 

have good knowledge and understanding o f the physics o f failure, specially those more 

related to the particular product. The team should also be given an information structure, so 

that they can easily retrieve specifications, documents, design analysis information and any 

other source o f data that they need in their activity.
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Failure Analysis-Corrective Action Process

Generally, the failure analysis-corrective action process should consist o f the following 

steps:

1. Information o f failure is fed back to the team

2. Failures are prioritized and ranked. Criticality, and economically issues are considered.

3. Decision is taken to work in a certain failure.

4. The team performs a root-cause analysis, and suggests a corrective action.

5. The corrective actions are implemented.

6. Information o f situation after corrective actions are implemented is fed back to the 

team to make sure that no further failure occurs.

2.13 Structure for the Reliability Program
All the methodologies and techniques reviewed in this chapter are components o f a 

structure that supports the reliability program. For efficient operation o f this structure it is 

necessary to guarantee the three following requirements:

. The components are well specified, designed and implemented.

The components are positioned appropriately in the overall structure.

. There is interaction and flow of information and resources between all the components. 

All the methodologies and techniques described in this chapter need to be well understood, 

to be carried out through efficient systems and to be supported with training, reference 

material, software packages or any other tool that might help in the analytical processes 

described. The components need to have a well specified location in the overall structure. 

Because o f the large time span o f the reliability program plan, it is necessary to outline 

what is done and when for every methodology covered above. Because improving 

reliability is an iterative process, iterative loops must be specified and provided for. An 

outline o f this general structure is given in figure 2.4. Interaction between the different 

methodologies must be supported, through available and exchangeable information. The 

reliability program expands on time, and different people are involved at different phases. 

This interaction is best supported with a unique reliability management structure, in the 

form of a computerized system that encompasses all methodologies, outputs and reports 

into a common working environment, as will be described in chapter three.
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2.14 Summary
Producing reliable products has become a major competitive advantage in today’ s market 

environment. A reliable product will satisfy the customers, will cause low cost in warranty 

and repairs and will build product reputation. A model has been presented that implements 

a reliability approach in the form of a process, with a set o f inputs and outputs, tied to the 

product development process, from design to retirement. This process includes three major 

aspects: management issues, program initiatives, and information management. Managing 

the program involves setting goals, assessing the economics o f it, and allocating the 

reliability initiatives to the right personnel. Procedures for setting goals, and examples o f 

reliability goals and requirements have been presented. The economics o f the plan are 

assessed through costing reliability and cost unreliability.

The program initiatives have been structured in eight different areas; Supplier Reliability 

and Quality Assurance, Design for Reliability, Statistical methods and models in 

Reliability. Reliability in Manufacture, Reliability Testing, Failure Analysis-Root Cause 

and Corrective Action Systems, and Maintenance Strategies. Implementing these 

methodologies and procedures results in an approach that takes reliability considerations 

all throughout the life cycle o f the product. Some o f the most important methodologies 

have been reviewed.

An efficient reliability program requires a system that integrates all o f these methodologies 

and that provides a framework for efficient operation o f the program. This system takes the 

form o f a computerized information system. A list o f the requirements for the system, 

together with the review o f some o f the software packages available, and the selection o f a 

solution, is given in chapter three.
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Chapter 3

Information Systems for the Reliability Program

3.1 Introduction

3.2 Requirements for the Reliability Management Information System

3.3 Benchmarking of Reliability Software Tools

3.4 Product Data Management Systems

3.5 Summary

3.1. Introduction

Chapter two has reviewed the methodologies and initiatives that drive the organization 

towards delivering reliable products. In the context o f a reliability program, the remaining 

issue is the implementation o f an information system that supports the program and that 

encompasses the reliability activity with all the other aspects o f the organization.

This chapter will start outlining the requirements o f this system. A brief discussion o f the 

different solutions available will then be presented including a review o f some o f the 

reliability software packages available in the market. Product Data Management, PDM, 

systems (which are being implemented successfully in other aspects o f the engineering 

activity), will also be considered. The advantages, disadvantages, deficiencies and benefits 

from these packages will be examined in the form of a benchmarking exercise. As a result 

o f this, PDM systems will be then presented as the most suitable framework for the 

reliability program. These systems will be described in detail. The need for completing 

these systems with other available tools will also be discussed at the end o f this chapter.

3.2 Requirements for the Reliability Management Information System

Reliability is an engineering activity with a life cycle approach. It consists o f 

methodologies applied at different stages by different people. An integrated approach 

towards reliability requires a system to support, communicate, exchange, analyse and store 

information.
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The requirements for the system that would support most efficiently the reliability program 

previously presented, lie in two different categories, i.e. analytical capabilities and 

efficiency/integration requirements.

Analytical Capabilities

An information system can be defined technically as a set of interrelated components that 

support and deal with the information that organizations need for making decisions, 

controlling operations, analysing problems and creating new products or services [LauOO], 

For the purpose of the reliability program, the information system will have to deal with 

reliability issues and therefore provide the users with a set of appropriate tools. The 

analytical capabilities of the system refer to the functionality of these tools, i.e. a module 

for performing fault tree analysis, a package that automates life data analysis, or a template 

for convenient failure reporting. Ideally the information system should provide tools to 

support every aspect of the reliability program. In reality, the system will incorporate some 

of these capabilities, but will be flexible as to integrate others as the user decides it. Some 

of the methodologies and activities that the system should cater for are given in table 3.1.

___________Analytical Requirements___________
Establishing Reliability Requirements_______________
Life Cycle Cost Estimation_______________________
Product & Supplier Evaluation____________________
Incoming Inspection____________________________
Vendor Rating________________________________
Environmental Analysis_________________________
Load-Strength Analysis_________________________
Failure Modes and Effect Analysis_________________
Fault Tree Analysis____________________________
Design Reviews_______________________________
Critical Items List _________  ________
Thermal Design_______________________________
Worst-Case Analysis___________________________
Parameter Estimation___________________________
Probabilistic Engineering Design _________________
Reliability Block D iagram s___________
Reliability predictions (mechanical models) _
Pareto Analysis________ ______________________
Markov Analysis______________________________
Monte Carlo Simulation_________________________
Reliability Growth Tracking______________________
Reliability Allocation Methods____________________
Testing management _
Failure Report and Corrective Action System_________
Maintenance Backlog__________________________
Reliability Centered Maintenance__________________
Troubleshooting Support________________________

Table 3.1 Analytical requirements of the reliability information system.

Chapter 3 ________     Information Systems for the Reliability Proa ram
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Efficiency/Integration Requirements

Companies today operate in a global market, interacting with teams, customers and 

suppliers all over the world. Teamwork has been greatly enhanced, and product 

development processes have been revolutionized with concurrent engineering techniques. 

Managing information and maximizing the knowledge resources becomes critical in the 

era o f information economy. In summary, while tool functionality is obviously important, 

if the system does not integrate in the engineering and organizational environment, it will 

never be fully used or cost effective. A list o f requirements for the reliability information

system that will guarantee its efficiency and integration is given in table 3.2.

Efficiency/Integration 
requirements

Features to comply with the specified requirements
Support well-designed and 
implemented methodologies.

Provide guidelines, checklists, and procedures for the different 
methodologies.
Use and Integration of software tools that support the methodologies 
used.
Provides standard data system, and templates 
User-friendly environment.

Support integration of 
methodologies within the system

Data storage. Single/common data reservoir that serves all the modules. 
Information sharing.
Communication between tools being used. Possibility of data 
import/export.

System integrated in 
organizational information 
structure

Enterprise wide solution.
Communicate/import/export data with other enterprise information 
systems.
Integrate/communicate with other tools, specially standard tools used 
such as office automation, and Cad packages.

Supports exchange of 
information across supply chain, 
and direct interaction with 
customers

Web utilization
Supplier’s/customer’s functionality considered in the data structure and 
involved in the analysis.

Supports engineering activity Facilitate teamwork and concurrent engineering
Facilitate research and consultancy, providing libraries, standards, and 
web integration.
Provides right data at hand. Automates flows of information and data 
to relevant team members.
Graphical and tabular reporting capabilities.
Supports product tree, bill of materials structure..

Supports knowledge management Stores information for further reference in a meaningful standard form. 
Knowledge builder capabilities.

Supports managerial activity Project management and planning capabilities.
Customized report structure, for decision making processes. 
Program assessment tools, both performance, and economical.

Supports security and consistency Different levels of access to different levels of information 
Secured data reservoir.
Automation of signed-offs, approvals and check-in processes.
Facilitate information iteration, keeping track of changes made, by 
whom and when. Revision system.

Customization tools Possibility to design new tools and operations within the system 
Integration with applications development packages.
Possibility to design new processes and flow of information within the 
system

Searching and retrieving 
capabilities

Classification of data structure and documents, that supports querying 
systems by attribute, types, etc,

Table 3.2 Efficiency/Integration requirements o f the reliability information system.
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3.3 Benchmarking of Reliability Software Tools
The requirements for the information system that will manage and support the reliability 
program have been outlined in the last section. These requirements will decide upon the 
different solutions that initially, seem to support reliability activities in a company. 
Although a certain level of customisation will always be necessary for the software to 
comply with specifications, the following benchmarking exercise will try to determine the 
most suitable package i.e. the one that provides the required features in its most generic 
form, and requires therefore, fewer adjustments to operate.

Reliability Software Packages

There are a growing number of reliability software solutions designed to support reliability 
programs. The providers of these packages vary in their motivation and market focus. 
Firstly there are a number of consultancy firms that offer training and support in reliability 
program implementations, and have developed their own software packages to assist these 
implementations. These firms can offer off-the-shelf solutions or the possibility of fully 
developing and customizing a solution for the particular needs of their clients.
Secondly, software companies specialized in computer aided engineering issues, have 
designed different packages for reliability and maintainability analysis. They usually offer 
modular design, with tools that can be implemented separately but that fully integrate 
within the system. Finally a number of companies offer specialized solutions in a certain 
area of expertise, such as hazard studies, plant reliability, computerized maintenance and 
logistics systems, or safety and environmental assessments.
For the purpose of this thesis, a representative sample of packages that is not specific to 
one area has been selected. A review of these packages, together with a brief outline of its 
major characteristics is given next.
Support system Corporation, SSTC. This organization is focused on mechanical 
engineering applications. They offer a range of training and support literature in reliability, 
maintainability, troubleshooting, testing, etc. Their software package for reliability analysis 
is called MechRel. It is basically a model generator, which uses a range of libraries and 
standards, and reliability block diagrams to calculate life estimations for mechanical 
engineering components. They also offer the use of microchip tag applications for 
maintenance and troubleshooting assistance [SSTOO],
Relex Software. Relex provides a very complete set of modules for reliability and 
maintainability analysis. It focuses on the importance of providing component and part 
libraries and standards. It provides and SQL library browser and search engine. It offers
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integration with software packages commonly used in an engineering environment, as well 
as with application development packages. It is a standard package that offers more than a 
well-designed suite of tools. It has a holistic view of the reliability process, and although it 
misses some of the integration/communication/teamwork requirements, it shows a further 
concern than just providing analytical solutions [RelexOO],
ReliaSoft Reliasoft corporation consists of four integrated business units, Standard 
Software, Enterprise Solutions, Infrastructure Enabling Technologies and Consulting, 
Education, Research & Training. The standard software packages are modules designed to 
carry out specific reliability tasks, mostly in the statistical domain. From developing these 
software packages, ReliaSoft has moved onto consultancy services in developing reliability 
systems customized to client. In this field ReliaSoft aims to automate the entire process of 
data acquisition, analysis and reporting in standard database architecture. For the purpose 
of this thesis, only the standard software packages have been benchmarked [ReliaOO]. 
Meadep. Meadep offers a four-module solution. The first module is called data pre­
processor. Its purpose is getting data from files or databases through import/export 
utilities. The second module is the editor-analyzer and it consists of a parameter estimation 
tool that generates values to feed the third module, which is the model generator. The 
model generator is a reliability block diagram engine. The software seems to be orientated 
for engineers with an in depth knowledge on reliability simulation, especially for plant 
engineering and digital/electronic components. It is more a specific tool that an integrated 
solution for reliability engineers [SoHOO].
Item Software. For years Item Software, was the official distributor of IsoGraph products, 
a modular set of tools that covered most of the well-used reliability techniques. However, 
this is not the case anymore, and Item Software offers now a new range of products, 
centralized in their Item Toolkit. This package includes the most popular tools in an 
integrated environment. Although Item stresses their user friendliness, demos are not 
available, and the software could not been properly evaluated [IteOO],
IsoGraph Direct Isograph has offered for years a set of modules through their 
distributors Item Software. These included reliability centered maintenance, availability 
calculations, fault tree analysis and others. Traditionally they focused on the analytical 
capabilities, and only recently they are implementing solutions that would suit better the 
new engineering environment. This shows in their new product, the reliability workbench, 
with a more comprehensive view of the reliability process, and further integrations [IsoOO]. 
BQR Engineers, Care Software. CARE, Computer Aided Reliability Engineering is a 
very complete package that has resulted from the consultancy experience of BQR
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Reliability Engineers, over the years. The aim of Care software is integrating reliability 
software into the engineering CAE tools, to support reliability in an efficient manner. The 
tools purpose it to serve reliability engineers but also designers, managers and marketing 
personnel concurrently. It stresses the need for single database, data sharing and data 
communication. It also considers integration issues. It is one of the most comprehensive 
packages in the market [BQROO].
Raytheon, ASENT, CARMA. Raytheon Systems Company has worked for years in the 
development of computer aided engineering tools. Their Computer Aided Reliability and 
Maintainability Applications toolkit, CARMA, is designed to address the demanding needs 
of the reliability and maintainability engineering, not only as in tool functionality but also 
in computing/working environment. This toolkit a large offer of features, such as 
integration, tool development, data conversion, or web technologies for the six-module 
package, that covers most of the reliability related activities [RayOO],
Fractal Solutions. The focus of this company’s software is reliability centered 
maintenance, and its application in plan engineering. However it offers a comprehensive 
and integrated package that provides functional tools, together with security, integration, 
knowledge builder, etc. It is a truly enterprise wide solution in its area of specialization 
[FracOO].
AAC, Advance Reliability Technologies. AAC  is a re-seller of different software 
packages. Their offer includes quality tools, such as Taguchi method, and reliability 
analyses. The latest is a six-module package, that cover different aspects of the product life 
cycle, stressing functionality of the tools, over requirements such as integration with other 
software and systems, or data templates and structures. One unusual feature of this package 
is that it provides a security/access authorization system [DreOO].
ABS Group, JBF Associates. JBFA is the reliability & risk division of the ABS group. 
They are a consultancy group focused on carrying out hazard analysis and risk assessments 
based on a range of different methodologies. They also assist in program implementations, 
from reliability to maintenance and logistics. In the area of software they have developed a 
set of modules that assist their operations and program implementations. This software is 
therefore orientated towards safety and risk analysis methodologies. Although they have 
their own models and processes in reliability program implementations, they do not present 
any software framework supporting these implementations [ABS00],
EngineeredSoftware. This package, called Reliability & Maintenance Analyst is a simple, 
user friendly tool that performs data analysis, parameter calculation and maintenance
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optimization. It is not intended to support other methodologies or to serve as any other 
purpose than the functionality of its features [EngOO].
Reliability Analysis Center, PRISM Software. The Reliability Analysis Center is an 
initiative from the American Department o f Defense. RAC offers a complete product line 
of reliability, maintainability, quality and supportability publications, automated databases 
and software. PRISM  is the new RAC software tool that ties together several tools into a 
comprehensive system reliability prediction methodology. This package stresses out the 
standards and libraries, where the department of Defense has extensive experience 
[RACOO],
Product Data Management Systems. A number of companies offer relational databases 
with different fronts to operate them, as a global solution for the reliability information 
issue. This concept is known commercially as product data management systems. These 
systems are relational databases that give structure to the meta-data, and can operate 
different data sources. Their features and capabilities comply with all the requirements 
listed above. The companies involved in reliability work, offer their own solution that is 
customized to the needs of the organization in the field of reliability. However, there is a 
huge range of product data management systems in the market that can be implemented 
and customized in-house, or as a part of a larger project that develops a system to support 
all the engineering activity, reliability being a part of this large implementation. Therefore 
product data management systems have been considered as candidates for building the 
reliability information system.

Assessment of the Reliability Software Packages

The requirements for the information system that would support the reliability program, 
have been divided in two categories. Firstly, the capability of the system to support all the 
methodologies reviewed in chapter two, and to automate or facilitate the work of the 
engineers in performing them. Secondly, a number of other requirements that will result in 
an efficient system, which supports the actual engineering environment and integrates in 
the organizational overall system. In table 3.3 the software packages that have been 
presented are assessed as to support functional tools. In table 3.4, the assessment looks at 
the other requirements that have been listed before. In each table the packages are sorted 
from less suited to more suited to the requirements that are looked at.
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Troubleshooting
support * *
Reliability Centered 
M aintenance *

M aintenance Backlog * * *

FRACAS * *

Testing *
Reliability A llocation  
Methods
Reliability Growth  
Tracking
Pareto Analysis * *
M onte Carlo 
Simulation
M arkov Analysis *
Reliability Block  
Diagram s * * * * *
Use o f  Relia 
Standards (Bellcore, 
M il,..) * * *
R eliability Prediction  
based in mech. models * * *
Probabilistic  
Engineering Design

Param eter Estimation \

W orst-Case analysis \

Therm al Design * \
Critical Items List
Design Reviews
Fault Tree Analysis * \

FM ECA * * *
Load-Strength
Analysis * *
Environm ental
analysis
Vendor Rating
Incom ing Inspection
P ro d u ct*  Supplier  
Evaluation
Life Cycle Costs %
R eliability
Requirem ents * *
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Supports product tree 
structure and BOM V % *
Knowledge builder 
capabilities (capture 
different inform ation in 
the form o f  templates)
Possibility o f building up 
own libraries
Provides libraries, 
standards * V *
Flexible and efficient 
classification o f data 
structure and docum ents *
Integration with  
application developm ent
packages
Possibility to design new 
tools and operations 
w ithin the svstem *
Facilitates information  
iteration, keeping track  
of revisions *
Supports security and 
consistency * V
Graphical and tabular  
reporting * * * * V V %
Customized report 
structure capabilities * * * * V
Project planning  
/m anagem ent capabilities * * \
Autom ates flow of 
inform ation \
Facilitate team w ork and 
concurrent engineering V V \
Supplier’s/custonier/s 
functionality considered  
in data structures \
Web enabling

Possibility o f  
Im port/Exp-ort Data * * * *
Possibility o f integration  
with office packages 
(work, excel, access...) * * *
Possibility o f integration  
with CAD/CAE packages * *
Enterprise W ide Solution
Single/Com m on data 
reservoir for all modules * \

M odular design *
User friendly 
environm ent *
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The results of the assessment can be summarized as follows:
. Traditionally, reliability software packages focused on providing tools for performing 

certain types of reliability and maintainability analysis, such as parameter estimation, or 
reliability centered maintenance. Their approach to reliability was simplistic and did not 
take into consideration the life cycle of the product. Although these packages can be 
useful tools for reliability engineers, they cannot serve as an information system for the 
reliability program, and do not support reliability planning and management.

In recent years, some of these packages have been developed fuither. These days, 
reliability software packages tend to offer a modular design, offering a flexible structure 
that allows the engineer to choose from a broad range of tools. It has also been recognized 
the need to manage information, to integrate these packages in the CAE environment, and 
in the organizational structure.

After the assessment of all the packages available, it is concluded that higher 
importance must be placed in providing integration, flexibility, communications, 
knowledge management and security. If the reliability system is configured to cater for 
those, and it is flexible enough, the functional tools can be built upon the system. On the 
contrary a system focused on providing analytical capabilities, will not allow for 
management of information, integration of the system, or further developments. In 
summary the information system must provide a foundation for the program to be built 
on, rather than blocks that cover bits and pieces, but do not form an overall structure.

There is no off-the-shelf package that covers all the range of requirements that have 
been specified for the reliability program implementation, either in functional tools or in 
integration requirements. The solutions that come closer to the specified requirements are 
the customized pieces of software that the consultants in reliability offer to clients. These 
solutions take the form of relational databases, with tools developed to manage the data. 
Their principle is the same as the data management systems that have been implemented 
in other areas of the engineering activity.

. Product Data Management Systems offer full capabilities and features for building the 
information system. Although their structure has to be customized, and the templates and 
tools have to be developed, these systems offer the flexibility, and level of integration 
required.
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3.4 Product Data Management Systems

Product Data Management Systems, have become very popular in the last four or five 
years. They have been develop to cover a gap in the information structure of an 
organization that left the engineering activity, isolated from manufacturing, from 
purchasing and from the general operation. Managing information has become critical, and 
supporting its exchange and flow is a key issue for the company’s success. This section 
will describe PDM systems generically. It will outline their major characteristics and 
features, their components and their benefits to the organization. It will also discuss the 
situation of the PDM systems within the other major enterprise wide information systems, 
i.e. Enterprise Resource Planners, ERP and Material Resource Planners, MRP. Finally the 
implementation of a product data management system in the context of reliability program 
and management will be reviewed.

What is a PDM System?

A Product Data Management system is a tool that helps engineers, designers and product 
managers to manage the life cycle of the product, in both data and processes. It 
encompasses many different aspects, such as engineering data management (EDM), 
product information management (PIM), technical information management (TIM), 
workflow/groupware (WF) or image management into a unique system that tracks the data 
and information needed to design, manufacture, support and maintain a product. It is also 
cross-departmental since the potential users of a PDM system go from project management 
and manufacturing to quality assurance, sales or purchasing The early systems were 
developed with a manufacturing focus. Key engineering process capabilities of these 
systems were release management and change management. In recent years other areas of 
the product life cycle have been targeted for improvement. Today a PDM system is a very 
valuable tool to support concurrent engineering practices, by allowing different teams to 
work in the same projects while assuring security, revision control, and consistency. They 
also deliver industry-business solutions that support compliance with industry and 
regulatory standards, and provide pre-defmed standard reports, as well as fully integrated 
applications to support activities such as logistics and field service, software development 
and project management [Tsa93]. Figure 3.1 shows the position of the PDM in the context 
of the organization.
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Figure 3.1 Product Data Management in the Organization.

Product Data Management (PDM), Manufacturing Resource Planning (MRP) and 

Enterprise Resource Planner (ERP)

The three enterprise wide solutions for information management today are enterprise 
resource planner, ERP, manufacturing/materials resource planning, MRP and product data 
management, PDM. There is a certain degree of overlap between their scope, and a lot of 
discussion about the similarities and differences between them. Historically, MRP’s were 
the first to be developed [BouOO]. This acronym originally stood for materials 
requirements planning, and it consisted on matching orders levels of raw materials with 
predicted final product shipments. These systems have evolved into today large suites of 
software which calculate resource-limited schedules, manage change control of product 
configuration, allow for future planned changes in product and resources as well as 
including full financial and stock control functions. Enterprise Resource Planners are 
systems that manage the entire spectrum of the enterprise operation, not only the 
manufacturing/inventory aspect that the MRP covers. The ERP includes contract 
management, production, procurement, cost accounting and finance. The flow of 
information concentrates on logistics data [SarOO].
Finally PDM’s are systems to manage all forms of product related data throughout a 
product’s life cycle. They serve mainly designers and engineers and concentrate on 
engineering data about the parts and the product.
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Because there is a certain level of overlap between the functionality of these three systems 
large manufacturing companies today, implement them as modules of the unified 
information system. Integration and communication between them is a major issue. Each 
organization has to consider its needs for information, and for structures and implement a 
system that suits these needs.

Components of a PDM System

As described before, the PDM system supports management of the product life cycle. In 
order to do so, a PDM system has the following features and capabilities [HP99]:
. Electronic data storage and management.

Classification of component/documents and product structure.
Flexible File organization, and support of multiple file formats.
Querying and viewing capabilities.
Document security and access levels to information.
Timely controlled access to information.

. Workflow automation.
• Customisation tools and integrated solutions.
These features are met by the system through a number of elements in their architecture,
i.e. data vault and document management, product structure management, classification 
and retrieval, workflow and process management, program management and control, 
utility functions and integration functions.
Data vault and document Management. This provides a physical storage system for the 
data and documents, with security levels and controlled access. It usually involves 
establishment of data inter-relationships and life cycle management of data, by defining 
states such as checked in, checked out, revision, etc.
Product Structure Management. Provides the capability of structuring the data as a part 
list or bill of materials, with part definitions, attributes and links. The querying capabilities 
of the PDM systems make different view of the data possible.
Classification and Retrieval. Information and data is not only efficiently stored, but it can 
also be efficiently retrieved. The system provides tools to search for parts, attributes, 
codes, structures, types of documents, free-text searches, etc.
Workflow and process management. Specifies process definition, revision and version 
relationships and control. It establishes automated workflow paths, and automated flow of
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information along pre-defined nodes. It manages approval and signing of parts and 
documents, so that information stored is consistent and reliable.
Program management and control. By process management, and by creating breakdown 
structures and schedules.
Utility Functions. Communication and notification, that handles e-mail and notes. Data 
transport among users and systems. Image services, that provide viewing capability for 
documents, so that they can be viewed by users that do not have supporting software. 
Some systems also provide red-line markup capability in their viewing tools.
Integration Functions. Data translation, means that the system can have tools to translate 
data among different systems, CAD, CAM, ERP’s etc. It also has administration set-up 
control, so that system can be customized and maintained.
All of these components are more or less common to every product data management 
solution that is available in the market

Benefits of Implementing a PDM System

Some of the benefits of implementing a PDM System are:
Reduced time to Market.

A PDM System can speed up tasks by making data instantly available as it is needed. It 
supports concurrent task management, and it allows authorized team member access to all 
relevant data with the assurance that it is always the latest version.
. Improved design productivity.
Historically a design engineer would spend as much as 25-30% of his time simply handling 
information, looking for it, retrieving it, waiting for copies or archiving new data. PDM 
removes this dead time almost entirely. It also avoids duplication of efforts, and saves the 
amount of time designers spend solving problems that have probably been solve before, 
but where the solution can not be found or retrieved.

Improved Design and Manufacturing Accuracy.
The PDM assures that everyone in a project is operating on the same set of data which is 
always up to date. Overlapping or inconsistent designs are eliminated.
• Better Use of Creative Team Skills.
Designers are often conservative in their approach to problem solving for no other reason 
than the time penalties for exploring alternative solutions are so high. PDM helps by 
keeping track of all documents and test results relating to a given product change, 
minimizing design rework and potential design mistakes. It reduces the risk of failure by 
sharing the risk with others and by making the data available to the right people fast.
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Comfortable to Use.
Although PDM systems vary widely in their levels of user-friendliness, most set out to 
operate within the existing organizational structure of a product engineering operation, 
without major disruption.

Data Integrity Safeguarded.
The single central vault concept ensures that, while data is immediately accessible to those 
who need it, all master documents and records of historical change remain absolutely 
accurate and secure.

Better Control of Projects.
PDM systems enable you to retain control of the project by ensuring that the data on which 
it is based is firmly controlled. As wheel as this the change management, traceability and 
workflow capabilities, make scheduled tasks impossible to ignore, or to forget.

Better Management of Engineering Change.
The system allows you to create and maintain multiple revisions and versions of any 
design in the database. This means that iterations on a design can be created without the 
worry that previous versions will be lost or accidentally erased.

Total Quality Management Enhancer.
By introducing a coherent set of audited processes to the product development cycle, a 
PDM system should go a long way towards establishing an environment for IS09000 
compliance and total quality management (TQM). Many of the fundamental principles of 
TQM such as relying in individuals for identification and solution of problems, are 
inherent in the PDM structure.

Implementation of Product Data Management Systems

Implementing a PDM system involves more than installing a software package. Even the 
most standard PDM packages, considered off the shelf solutions, require a level of 
customisation, of internal design and of adjustment to the organizational needs and 
structures. Because the PDM scope is to be an enterprise wide solution and to be integrated 
in the enterprise environment its implementation is more than a purchasing decision. This 
section will described the general process of implementation of PDM systems first, and 
then will outline some specific issues, related to the subject of this thesis, i.e. implementing 
the system to support the reliability program [ManOO],
A n alysin g  the needs and requirem ents
The first step when implementing this type of systems is an in-depth analysis of the needs 
of the organization. This process has to identify and recognize problems, opportunities for
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improvement and possible solutions. The current structure is assessed on practices and 
performance compared to potentials.
Selecting a PDM System

Once the requirements for the possible improvements are outlined, the suitability of the 
PDM system has to be assessed. And once this is determined, then a PDM supplier needs 
to be selected. This can be a quite complicated choice. The functionality and capabilities of 
these systems are complex. The number of products offered is large and the market 
changes quickly. The size of the organization, and the level of expenditure assigned, will 
be relevant factors to consider.
Implementation of the system

Once the solution has been selected, the real implementation process begins. For making 
full use of the benefits of the system, it is convenient to examine the current situation, and 
to try to re-engineer some of the processes within the company, that are sources of 
bottlenecks. The implementation of a PDM system is a great chance to introduce some 
changes in the engineering activities and operations. A deep understanding of the processes 
and products is needed to be able to implement and customize a PDM system. The key 
success of the implementation is a good cross-functional team, trained, and aware of the 
requirements and the capabilities of the system. It seems to be common practice, to 
implement first a prototype of the system. A selected subset of functionality is 
implemented in a particular part of the organisation, This process implies education and 
training, customisation of the package and structuring existing data.
Implementation of a PDM System for the reliability program

In the case of the reliability program, the needs and requirements of the system have 
already been outlined, and PDM systems as suitable solutions have also been discussed. As 
to the issues of which PDM system to select, traditionally the business of PDM solutions 
had been divided into two distinct categories. High cost, feature heavy systems, versus low 
end, cheap systems, that were simply about document management. The high level 
solutions require long and expensive implementation processes, which often do not adapt 
to the dynamic business environment. They are also not suitable for mid-range or small 
size companies. The low-end systems, did not offer full capabilities, and they missed the 
integration and customisation tools that allow the company to make the most out of the 
system. The situation has changed considerably, and in recent years there has been a drift 
towards offering off the shelf solutions, that can be quickly implemented, and offer a 
configuration management capability, that allows the organization to customize the system 
to their needs. These mid-range systems have been looked at, as the most suitable type for
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the reliability program implementation. An off-the-shelf package, that includes 
customisation and configuration tools, has been selected.
The process of customizing and implementing this software to serve the purposes of the 
reliability program will be described in the next chapters.
As discussed earlier one, the PDM system offers all the capabilities to serve as a good 
foundation for the reliability program. However, these systems are not specifically 
designed for reliability engineering, and the analytical capabilities are not supplied by the 
system. Therefore the customisation of the package will also look at the integration of 
reliability tools within the system, to cater for these requirements.

3.5 Summary

An information system allows the organization to achieve efficiency and quality in most of 
it processes. The engineering activity is more and more concerned with having good 
information systems, to support concurrent engineering, and life cycle management. Since 
reliability engineering deals with every aspect of the product development, and requires 
information from every life cycle phase, it is necessary to have an information system that 
supports the reliability program.
After reviewing different types of tools that could serve the purpose of a reliability 
program plan, PDM systems have been selected as the solution that provides a better 
foundation for implementing the program and for further developing it. The fact that PDM 
systems manage the product information throughout its life cycle on an integrated and 
efficient manner is the summarized reason for their selection. The definition and concepts 
related to PDM systems have been covered, and the different components and features of 
these systems have been described.
Through the research carried out in chapter two, the different activities needed in the 
implementation of a reliability program plan have been identified. Implementing a PDM 
system to support the reliability program will have to provide data structures, procedures, 
methodologies and tools that support these activities. This process will be described in the 
next chapter.
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Chapter 4

Case Study: Prototype of a Reliability and Field 

Data Management System (RFDM)

4.1 Introduction

4.2 Application Overview and Requirements

4.3 Overall Structure of the RFDM System

4.4 Design and Functional Specification of the RFDM Prototype

4.5 Summary

4.1. Introduction

The last two chapters have reviewed the analytical, functional and information 
requirements for planning, implementing and managing a reliability system within a 
company. Product data management systems have been selected as the most suitable 
information management tool for doing it.
This chapter will present the overall structure of a reliability management system based on 
the principles discussed. The author has developed and customized an application that 
operates reliability engineering in a specific company. Firstly, and overview of the 
company will be given. This will provide some general background information about the 
company and the specific requirements of their reliability engineering operation. Next the 
overall structure of the system will be outlined pointing out the different elements and how 
they interact within the system. Finally, detail specifications on the information structure, 
and the processes that need to be implemented to meet the requirements will be shown. 
The actual prototype developed based on these specifications will be presented in chapter 
five.
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4.2 Company Overview and Requirements

The company is a multinational organization that manufactures refrigeration units for 
transport. It is world leader in its business and committed to delivering quality products, 
with high performance, high efficiency, and low support and maintenance costs. As such, 
the reliability effort is the subject of continuous development and improvement. Because 
of the nature of their products and operations a few issues need to be considered for their 
reliability engineering strategies.
Company Environment

Being a worldwide company with facilities in locations such as Europe, Asia or the States, 
it needs to guarantee that their operations are global and that communication and 
information sharing exists between different plants. Global teams and concurrent 
engineering across seas needs to be supported. The reliability engineering is no exception, 
and as such, reliability information needs to be shared across countries. As well as this, the 
reliability effort needs to be global and consistent across different engineering groups, with 
the common strategies procedures and methodologies.
Product

Refrigeration units are multi-component products, based on mechanical engineering 
systems, e.g. compressors, engine, alternators, belt-drive systems, and also electronic parts 
in the form of sensors, transducers and a microprocessor that controls the operation of the 
unit. These units are subjected to a broad range of operating conditions, and extreme 
environments. The failure of the refrigeration unit can represent major financial losses for 
the owner.. For all of these reasons, reliability is a critical for a refrigeration unit 
performance. As well as reliability, maintainability is also important in supporting a 
product with a large time span. Since the application is transport, the unit travels all around 
the world, and maintenance effort needs to be assured and coordinated across many 
countries. It is also important to facilitate the possibility of diagnosing problems and 
repairing the unit in the field, to avoid major disturbances to the customer’s operations. 
Dealer Network

The units are distributed through a dealer network, which has strong connections with the 
company. Dealers sell the units to the final customers and are generally in charge of 
maintenance and repair of the units. They are in fact the managers of the units during its 
operating life. The collaboration with dealers is very important, and it extends to 
engineering work, with dealers involved in product improvement, or new product 
development projects. Through their collaboration with dealers, the company has the

58



Chapter 4 Case Study: Prototype of a Reliability and Field Data Management System (RFDM)
unique opportunity of accessing information on the product that would be generally lost in 
the hands of unknown customers. This information lies in very different areas, such as 
marketing and sales, quality and also reliability. Establishing appropriate communications 
paths, and collaborating with dealers is a major goal for the company.
Although the units and its components are heavily tested in-house, sometimes, as in many 
other applications, the only real testing scenario is the field. Information of the operation of 
the units, the types and modes of failure, and the environmental conditions and stresses, 
would be very valuable for the reliability engineering work. Providing the means for this 
information to be recorded in a meaningful format and accessible to the engineering 
personnel is one of the major purposes of the information system.
Collaboration with Suppliers

In manufacturing the company is mainly on assembly operation. There are very few parts 
and components produced in house, and most of them are bought from a large range of 
suppliers. Issues of reliability with components in the unit need to be addressed in 
collaborative programs with the suppliers of these products. The suppliers and their 
knowledge of the components and the company with their expertise in the application need 
to have an information exchange policy that should be facilitated by the system.

4.3 Overall Structure of the RFDM System

The general structure of the RFDM software based system developed is shown in figure 
4.1. The system has been developed to meet the requirements for reliability management in 
the context of the companies operations. The elements of the system are outlined next. 
Information Structure and Interface

The core of the system will consist of the information structure and the managed databases. 
This information structure is built through the customization of the PDM system to the 
specific requirements of the reliability management program. The managed data will take 
the form of databases, which can have different locations and distribution. Meta-data refers 
to the data structure of the PDM system, i.e. attributes, fields, indexes or types. The PDM 
system will also provide security and access control, and additional features like revision 
control, consistency, data validation, and a convenient interface for the users to access this 
data. The interface of the system has the purpose of allowing the users to access the 
information in an efficient way, allowing them to retrieve the information that they want 
easily and quickly, and providing a user-friendly environment that can be customized to 
suit each users particular needs.
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Figure 4.1 Reliability Management System: Overall Structure.

The PDM system provides output through tree structures, querying/retrieval capabilities, 
and utilities such as multi-language, data translation, or viewing options. Personnel from 
different areas, teams and locations will be able to access the data through this interface, 
given that they have access control. The system will be web-enabled so that users can have 
access to it if working away from their usual workplace.
Information Input. Reliability Processes

As well as giving users optimal access to information, the system has to support the 
analysis of information through different processes, and has to guarantee that the outputs 
from these analyses are fed-back into the system in an appropriate format. Therefore the 
system integrates procedures, guidelines, checklists and software tools that support 
reliability initiatives. The outputs of these processes, in the form of reports, data, or lists, 
must have defined locations in the system.
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For the specific application that is being used as prototype example, the initiatives that 
have been selected are as follows;
1. Field Data Reliability and Costing Analysis
2. Failure Report and Corrective Action System
3. Critical Item Reliability
4. Parts and Supplier Evaluation
5. Reliability Prediction Methods
6. Failure Mode Effects Analysis (FMEA)

Field Information Management

One of the most valuable sources of information for reliability work is very often the least 
accessible to engineers or organizations, i.e. information on products in their operational 
life. Accessing this support phase information has many different implications. It allows 
engineers to fully understand the issues concerning the life of the product, its performance 
and failure. It also provides valuable knowledge on economical aspects such as operational 
or maintenance costs. In a market situation where purchasing price is starting to be 
overlooked in favor of cost of ownership, and specially in applications with heavy 
maintenance demands, access to support information is critical to improve products, and to 
maintain sales. As well as this, the organization need to be more open with their customers, 
sharing with them information on products, components or engineering activity, and 
effectively converting the customer in an element of the organizational structure.
All of these can be achieved by information management and sharing. Because of all of the 
above, special attention is given in the RFDM system to the information exchange and 
feedback from the dealer network. A sub-system designed to retrieve and analyze this 
information needs to be designed, and its structure is outlined in figure 4.2. The 
requirements of this system are outlined next.
1. Data Synthesis Tool

In order to be able to retrieve and analyze the information a standard format needs to be 
agreed and implemented. Ideally the organization would supply dealers with a software 
tool that would store all the information in the appropriate format. As well as providing 
consistency, the tool would assist and facilitate the process of entering information, and 
could also be designed as to support dealers in internal management of their products 
and workshops. Specifications and descriptions on this tool can be found in reference 
[HerOO],
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Figure 4.2 Support Information Management Structure.

2. Data Communication Tool
Because of physical location requirements, the structure should be able to connect 
organization and dealers through an internet connection. This would allow for the input 
of information to be possible at any time, from any given place (provided there is an 
internet connection), and it would also facilitate the retrieval of relevant information 
from a remote location. Specifications and description on this tool can be found in 
reference [HerOO].

3. Evaluation and Storage
Information on failure and maintenance of products can represent a huge amount of 
data. All of these data cannot be stored permanently in the organization. Data needs to 
be transferred from dealer’s sites into the organization at given intervals, then be 
analyzed with the aid of developed software, and finally be stored for a certain amount 
of time, and then deleted. The results of the analysis can be stored for further reference 
in the form of documents in the PDM system.

To support the product efficiently the organization needs to share with the dealer network 
information such as maintenance manuals, repair instructions or troubleshooting guides. 
The support information needs to be available on a reliable, fast and efficient manner. The
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information shared with dealers needs to be up to date, and renewed as engineering work 
progresses. Since the PDM system is the location of all the progress of the engineering 
work, opening part of the information in the PDM to dealers seems to achieve this 
consistently. The PDM also provides great flexibility, because access levels can be 
controlled dynamically by the administrator to different people at different stages. In order 
to have full collaboration, dealers have to be given a way of feeding back information into 
the system, such as comments on certain documents, suggestions or complaints. This is 
also supported through the PDM system provided that it has read/write capabilities. 
Automation of Information Flow

Some processes that are earned out in the context of reliability engineering involve 
documents and information being brought through a predetermined and standard workflow 
path, where different users perform different tasks sequentially. These processes are 
usually carried out periodically. Automating these processes through the workflow utility 
of the PDM system, means that information is passed on automatically and efficiently in 
pre-designed flow processes, and that full control over the processes is possible. This part 
of the RFDM system is referred to as information flow automation.

4.4 Design and Functional Specification of the RFDM System

In order to implement the RFDM prototype system, based on the requirements outlined 
above, three different levels of the structure need to be specified as follows;

Level 0: Information structure
Level 1: Structure of reliability processes
Level 2: Workflow automation structure

Level 0 Information Structure

The information structure needs to integrate all the information and data that will be used 
in the different processes. It also has to be designed so that it can store the results of these 
processes in a convenient format. The information structure will be implemented through 
the customisation of the PDM system and will serve as the base for the operations of the 
system. The layout of the structure that has been developed is shown in figure 4.3. This 
data structure is designed into an Interbase database. The structure consists of a number of 
classes that are conceptually linked as shown. However, logical links between any two 
objects can be established, as it will be described further on. In this way, information in the 
system becomes a network, where any relation between objects can be supported.
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Figure 4.3 Level 0: Information Structure.

Further descriptions and details on the information structure and the user interface are 
given in chapter five.

Level 1 Reliability Processes Structure

A number of reliability initiatives and processes have been selected based on the 
requirements of the application. Some of these initiatives are carried out through the use of 
software tools, and some others are implemented within the functionality of the PDM 
System. Figure 4.4 shows the overall structure of these processes. Each process will be 
then specified in detail.
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Figure 4.4 Level. Reliability Processes.

Process 1.1 Failure Report and Corrective Action System

The Failure Report and Corrective Action System has the purpose of supporting the 
identification of product failures, the development of corrective actions, and the 
implementation of these actions. This process is carried out within the information 
manager, or PDM, by using some of its functionality and data structures. The system 
structure is shown in figure 4.5.
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Figure 4.5 Process 1.1 Failure Report and Corrective Action System.

Process 1.2 Critical Item Reliability

A critical item is a component whose failure can significantly affect reliability, safety or 
repair/replacement costs. Process 1.2, Critical Reliability supports the engineers in 
managing critical items, by providing the means for identifying critical items, ranking 
them, and by giving access to the list of critical items at any moment to both dealers and 
users. This information can be used in many ways, e.g. by intensifying maintenance, 
considering re-designs or implementing component improvement projects. The structure of 
this process is shown in figure 4.6

Figure 4.6 Process 1.2 Critical Item Reliability.
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Process 1.3 Failure Modes and Effects Analysis and 1.7 Failure Modes Analyzer

Failure Mode and Effect Analysis is a methodology extendedly used in design for 
reliability. The system provides a template for the analysis, and a class that stores FMEA 
documents, so that users can access them. Making this information available is very 
beneficial since FMEA analysis can be relevant in issues as follows;

Highlight areas needing con'ective action.
Identification of reliability and safety critical components.

• Visibility of system interface features and problems.
A basis for location of performance monitoring and fault sensing test equipment or test 

points.
. Areas where fail-safe or fail-soft features are needed.
The results of the FMEA analysis are used by the reliability engineer to enter the relevant 
information on the Failure Modes Analyzer. This module can be used to feed this 
information back to the dealer in order to support maintenance operations. It can also be 
used to guide the dealer in identifying failure modes, in order to get more accurate 
information on the failures of parts and its causes.
The basic structure of the process is shown in figure 4.7

N ew  component, critical item

Data

R e l i a b i l i t y ^jMigineci /̂

In fo rm a tio n  M a n a g er  : F D M

1.7
Failure M odes 
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Jse for  other acliyilics

1.3.1 1 .3 .2 1 .3 .3
F M E A  Template F M E A  Docum ent F M E A  Docum ents

linked to the part Class

Figure 4.7 Process 1.3 FMEA documentation.

Process 1.4 Suppliers and Parts Reliability Assurance

The Suppliers and Parts Reliability Assurance process is designed to assure that suppliers 
and parts are systematically assessed, and that the outputs of the assessment are stored for 
further analysis and review.
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Figure 4.8 Process 1.4 Suppliers and Parts Reliability Assurance.

Process 1.5 Field Data Reliability Analysis

The Field Data Reliability Analyser takes the form of a developed software tool, that has 
the purpose of searching the failure database based on a given criteria, retrieving the data, 
and performing some standard calculations that give an idea of reliability parameters in the 
data. Summaries of this analysis and produces, and are then stored in the information 
manager. Figure 4.9 shows the layout of this process.

Figure 4.9 Processi.5 Field Data Reliability Analyser.
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Process 1.6 Field Data Costing Analysis

Field data can also be used to calculate costing parameters of the operational phase of the 
product. This can be valuable information in calculating life cycle costs, and in planning 
maintenance and support strategies. Figure 4.10 shows the process of doing Field Data 
Costing Analysis.

Specified  Search CriteriaM-----------------------

Total C ost for the searched data 
Total Failure Cost 
Total Maintenance Cost 
Cost/hour o f  operation

^ • (  Users

Figure 4.10 Process 1.6 Costing Analysis.

Process 1.7 Reliability Predictions

Reliability predictions can be based on a number of different sources, as listed below;
System Reliability Assessment. Combine predictions, process grading, operational 

profiles, software and test data to predict reliability parameters.
Similar Item Data. Based on empirical reliability field failure rate data on similar 

products operating in similar environments.
Translation. Translate a reliability prediction based on an empirical model to an 

estimated field reliability value
• Empirical. Uses observed failure data to quantify part-level empirical model variables. 

Physics of Failure. Models each failure mechanism for each component individually.
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In most of the cases, different software tools are used for calculating reliability parameters. 
There is a range of different option, e.g. reliability block diagram engines, or lifetime 
analysis distribution packages. In any case it is the job of the reliability engineer to prepare 
and treat the data, in order to get good results. When making predictions based on field 
data, the Failure Analyser tool can be of great value in this process. Documenting 
reliability predictions is very important for reliability assessment and reliability growth 
tracking. The process of reliability predictions is described in figure 4.11.

(^^Users

Figure 4.11 Process 1.10 Reliability Predictions.

Level 2: Workflow Automation Structure

This layer of the structure shows the workflow paths have been designed to optimise the 
operation of the system, and to cany out some of the reliability initiatives. These workflow 
processes will be automated through the PDM system, so that information and documents 
will be brought through the designed paths automatically by the system. Figure 4.12 shows 
the overall layout of the workflow paths structure. Four flow processes have been 
designed. Users of the system, reliability engineers, dealer and suppliers interact 
throughout these processes. At each step of the process, a number of participating users are 
defined together with the tasks that have to be performed. The tasks will be normally 
automatically distributed to the users as indicated in the flow process.
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Figure 4.12 Level 2 Workflow structure.
Because failure feedback is a major issue to be considered, failure reporting needs to 
involve different users of the system. The puipose of this process is to inform of approved 
failure report documents to the relevant users, and gather the views and suggestions of 
these users for further reviews. Failure reports are therefore automatically distributed 
throughout the process. Users receive notification through their workflow mailbox. The 
failure reporting process is illustrated in figure 4.13. Each box represents a stage in the 
process. The users and tasks to perform at each stage are indicated in the diagram.
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Figure 4.13 Workflow 2.1 Failure Reporting Process.

After reviewing failure reports, or customer’s feedback, corrective actions might be 
considered. In the process of design, many users are usually involved in reviewing and 
assessing the progress. However, when implementing corrective actions this interaction is 
not always the case, and sometimes actions might be implemented without the relevant
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users review and assessment. The corrective action process has the purpose of bringing the 
suggested corrective action throughout the relevant users, to assess and approve the action. 
Also through the process logistics is organized, e.g. documentation, instructions, spare 
parts and kits. Figure 4.14 shows the workflow process for corrective action 
implementation, the users involved and the tasks that are performed by these users.
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Figure 4.14 Workflow 2.2 Corrective Action Implementation.

Another case of information needing to pass through different users for review and 
interaction is the qualification of suppliers and parts. When a component or a supplier is to 
be qualified, different issues and perspectives need to be brought into consideration, i.e. 
logistics, reliability, quality or design specifications. In order to assure that all the specified 
users participate in these processes, a workflow has been designed. The process of supplier 
qualification, for supplier reliability assurance is shown in figure 4.15. This process also 
assures that documentation on the assessed aspects is produced and stored for further 
reference.
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Figure 4.15 W ork flow  2.3 Supplier qualification process.

The process o f  com ponent qualification, implemented to assure reliability assessment o f  

every com ponent is illustrated in figure 4.16.
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Figure 4.16 W ork flow  2.4 Com ponent qualification process.

Other processes that can be implemented through workflow paths include, engineering 
change orders implementations, engineering project requests, or engineering testing 
requests. Because they are not specifically designed for reliability management, they won’t 
be specified.
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4.5 Summary

The implementation of a reliability management system based on PDM solution is going to 
be tested by prototyping a reliability management system for a specific company. The 
customization requirements have been reviewed and the general structure of the system has 
been outlined in this chapter. The relevance of support phase information management has 
been pointed out, and it will therefore receive specific attention when developing the 
system.
The different processes and structures that the system must integrate have also been 
specified, by dividing the system implementation in three different levels: information 
structure, reliability processes and workflow automation. The information structure 
specified will be implemented by customizing the PDM information structure and 
interface. This will guarantee that all the data and information that needs to be managed 
has its location in the system, and that users profit from these information through the 
PDM utilities, e.g. viewer, searching, querying or multi-language.
Some of the reliability processes will be carried out within the system functionality, and 
some others will need from the support of software tools. Either way, the outcomes or 
results from the processes will be feedback into the PDM for knowledge building, and 
future reference.
Finally, some of the processes can be optimized by carrying them out through automated 
workflow paths that bring information and documents along specified paths of users, 
where tasks are performed sequentially. The workflow paths that will be used have been 
specified.
Chapter five will outline the operation of the prototyped RFDM system, that has been 
developed based on the specifications reviewed.
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Chapter 5

Prototyped Reliability and Field Data Management 

System (RFDM)

5.1 Introduction

5.2 RFDM Overview

5.3 Performing Field Data Reliability Analysis

5.4 Failure Report and Corrective Action System

5.5 Critical Item Reliability

5.6 FMEA Analysis

5.7 Suppliers and Parts Qualification Processes

5.8 Reliability Predictions, Specifications and Requirements

5.9 Summary

5.1. Introduction

In chapter two the principles of reliability engineering have been outlined. The 
requirements to manage reliability activity and reliability information have been outlined 
in chapter three, and Product Data Management has been selected as the framework to 
develop the reliability management system. In order to build a prototype of the system, a 
case study has been presented and its requirements have been outlined in chapter four.
This chapter will cover the design and implementation of the reliability management 
system based on the principles discussed, and customized to a specific application. First 
the customisation of the PDM system will be shown, describing the information structures 
developed and its user interface. Various types of structures and tools for supporting the 
reliability activity will be also described and integrated in the system. Information flows 
will be automated through workflow paths. The operation of the system will be shown with 
examples of a number of reliability initiatives.
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5.2 RFDM Overview

The RFDM front screen intends to be the working environment for a reliability engineer. 
From this screen, the user can operate the different tools that have been selected for 
carrying out reliability activities and processes. The front screen of the RFDM system is 
shown in figure 5.1

ñ', RFDM System

A

Reliability and Field Data Managem ent System

RFDM
- Information Management

Infoimalion Managei 
System

Field Data Reliability Tools

Failure Data Analysis

farts Failuie Analysis

Cost Analysis

Eailure Modes Managet

Reliability Prediction Tools

Lifetime Distribution 
Analysis

Fault Tree Analysis

Reliability Centered 
Maintenance

Availability Simulations

Help Exit

Figure 5.1 RFDM Front Screen.
By using the different buttons, the user can launch different tools and applications as 
follows:
PDM  system . Launches the information manager system. This system stores all the 
documentation and reference data. Some of the reliability processes will be carried out 
within this system.
Failure D ata A nalysis. Launches the software developed to search the failure database 
and perform calculations on reliability parameters.
Part Failure A nalysis. Launches the software developed to perform reliability 
calculations on failure of parts and components.
C ost A nalysis. Launches the software developed to perform cost analysis on field data.
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Failure Modes Manager. Launches the application that manages the identified failure 
modes, and that can be used for feedback and reference
Reliability Prediction Tools. The buttons on this category launch the different software 
packages that are available for the reliability engineer to perform different types of 
reliability simulation and prediction analysis. As an example, four packages have been 
integrated, i.e. Weibull5, that performs lifetime distribution analysis on data, Ftp, a 
package designed for fault tree analysis, RCM, that is intended for reliability centered 
maintenance and finally A VSim, a availability simulator. The system can be designed as to 
accommodate the specific tools that are available for the organization. The operation and 
description of each specific tool will not be described.

5.2.1 Information Manager: PDM System

When launching the PDM application, the user is requested to login into the system as 
shown in figure 5.2. Different users have different access to information and different 
working environments.

SmaiTeam User Login

User name: 

Password:

OK Cancel

Figure 5.2 User login to the Information Manager.
The interface of the PDM system presents the user with tree structure views of each class 
that can be selected by buttons located on a toolbar. Figure 5.3 shows this buttons.

Figure 5.3 Class Buttons Toolbar.
When a class is selected a tree structure of all the objects belonging to that class is shown. 
From this tree structure, the user can select specific objects, and view all the information 
pages designed for that object.
These information pages will generally consist of the following elements:

Profile Card. All the relevant information on each object is summarized on the profile 
card.
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Links. An object in the system can be logically linked to any other object, by bringing 
it to the links page. The links page allows to view all the links of the object, and access 
them if necessary.

. Notes. Users can add notes or comments to the object through this page,
Viewer. When the document represents a file, the viewer page allows the user to view 
the file without editing it.

The interface also includes querying buttons that allow the user to search for information 
based on multiple criteria. These queries can be saved and built into views that are 
accessed through the viewing shortcut buttons. When the view button is searched, the 
specified search is automatically performed.
The interface of the information manager is shown in figure 5.4.

R e d lin in g
Features

SmaiTeam

I Querying Engines
User

Buttons to select mailbox. . Unidow -lelp ^  _ -----------£ile Edit View Tree Browser ^rnarlFiow Li

I s  DI & % m ' i£ £l Jt *  i V iew s Shortcut 
Buttons

Pro¡ects:

ES (^Projects Tree Profile Card Links 1 Hotel

i-o^G BD nnn ,
Links, N otes and 
V iew er Pages

Q ̂ Proj-004 Impro' 
□  i^ P io i-0 0 3  TIE F 

; □  ̂ Pioi-002 Elee/ 
l i I i ^ P r o j - 0 0 1  S y /

Project

Project ID: |Proj-005Project ID: JProj-005 Pfoiecl Type Reliability Improvement

Projecl Title Improvement of Blower Shaft Structural Strength
Priority '|E Emergency ph«e Production

Tree structure o f  
the selected class

Profile Card Description; |Re-design of Blower Shaft

Product Range |
Product Type |SL 300 50 ■ Production

• ; 'V:* =
■V. . ' T i . *

John GoughManager:

Responsible Engineer ¡Gareth Bennnett

jJ  eneral/Petails/

u ©X □ Q v  \ /V B Jfr 88 £j|g §
User login joe p i  ^

Figure 5.4 User Interface of the Information Manager.
The redlining functions allow the user to redline all documents, without editing them. It 
allows users to point out issues, and give feedback in the cases where they have no access 
to change the document, or have no software to edit it.
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The user can also access his/her mailbox in the workflow automation system, through this 
interface, by pressing the smartbox button. In this mailbox, the user can view all the 
processes in which he/she is involved, the information on the processes, the tasks that 
he/she needs to perform and the time limit allocated. He/she can also access the status of 
the processes where he/she has participated. The interface of this mailbox system is shown 
in figure 5.5.

Processes that are pending 1
I Ks SmaitBox can be open, viewed or IS 0E 3

filo I Crois Action Uelp rejected

| Action » Opftn View --------------------------

Bent Items 
ÉÌP Complete 

Deleted Items

Inbox i;V'
1 3  Subtect/Ptocess iBody/NadalFfomlCieated iReceived I Waking Time |Due Date |Node Name •*■1

Q  "5  Procesj-000031 Start Node 11/03/2C1 1 /0 3 /2 «  30 22:46 Stan Node __ 1
H  Process-000032 Start Node 11/Q3/2C11/03/20C 3012-14 Stait Node

Pending processes, sent 
processes and com pleted 
processes can be viewed

tmrm■ Open 012:05 [Stait Mode
*¿3 Process-000034 Start Node 312:02 Stait Noded View

d Process-000036 Start Node fìtìpìwé: : 12.01 Stat Mode

c i “¿5 Process-000037 Start Node 311:59 Stait Node

d
d

"¿ÿ Pfûcess-000038 
Process-000040

Start Node 311 57 Stati Node
Stait Node Maik a* Ujyead 04:24 Stan Node

d Process-000041 Start Node Pitele
fiti'u / L-

00 08 Stait Node

r j  vi'f Process-ÜÛ0Ü42 Start Node 05 04 Start Node

d ^  Process-000043 Start Node 05:04 Stait Node
wSj pr.-w~*f- r,nnnrM yi Q h z.r h W nrla n>si

± L 1 grid Piopeitiei

Figure 5.5 User workflow mailbox.
The information structure, as specified in chapter four, consists of ten classes, i.e. projects, 
suppliers, dealers, users, products, reliability, testing, service, design and general 
documents. Each of these classes has a number of subclasses. The pages of information 
defined for each class and subclass can be customized to display specific fields of 
information5. Some of the characteristics of the classes are as follows;
• File control. A class having file control stores objects that are actual files in the system. 
Certain attributes such as file type, file directory or application path are automatically 
added to the class descriptive attributes. Operations such as viewing and editing within the 
system are operative in file-controlled classes.
• Revision control. When a class has revision control, life cycle management of the 
objects is possible. Objects and documents can be released, registered, checked in and 
checked out. Once documents are registered, automatic versioning is generated when a 
document is changed.
Table 5.1 summarizes the different classes and subclasses, their icons, description and 
major characteristics.

5 A sample o f  pages o f information that have been designed in the system is given in appendix 5.
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Hierarchy Data Structure
Class
(Roots of tree
structure)

Projects

ê
Suppliers

»
Products

J
Dealers T e s t

$>
Design

&
Reliability Service Documents Users

f
Description Captures 

information on 
engineering
activity.

Stores 
standard 
information on 
suppliers, their 
qualification, 
quality and 
reliability.

Manages the 
information on 
the product, 
through a Bill of 
Material 
Structure, and 
focusing on 
reliability 
aspects

Provides basic 
details on 
customers, their 
relevance to the 
firm, and their 
pending issues.

Stores and 
manages 
information 
related to the 
testing
performed in- 
house.

Stores all the 
documentation 
and information 
that supports 
design activity in 
the field of 
reliability.

Captures 
documents, 
templates and data 
that support 
reliability engineers, 
and the rest of the 
reliability activity

Provides 
information on 
maintenance, 
troubleshooting, 
and support. 
Serves as a 
window to the 
customers.

Stores
documents that 
are common to 
all the classes, 
such as letters 
or faxes

Manages
the
informatio 
n on the 
users of 
the
system,
their
details,
location
and links
with the
classes.

S u b
Classes

Projects Supplier Product
Assembly
Component
Part
Item

Customer Test Request 
Test Report 
Failure Report 
Maintenance 
Rep

Design Review 
Environment Anl 
Loading Analysis 
FEA Analysis 
Drawings 
Product Specs

Reliability doc 
Fault Tree Anl 
FMEA Analysis 
Life time Distrib 
RBD Docs 
Reliability Allocation 
Field test Failure 
Rep
Reliability Costing 
Analysis

Maintenance & 
Repair Manual 
Troubleshooting 
Guides
Service Bulletins 
Service Parts 
Information 
Sheets 
Field Test 
Instructions 
Update on 
corrective Actions

Letters and 
Faxes 
Minute of 
Meeting 
General Doc 
Folder 
Reference 
Material

User

File Control
(The object is 
a We.. 
Documents 
can be edited 
and viewed)

YES.
Each project is 
linked to an 
engineering 
request 
document

NO
Suppliers are 
objects not 
documents. 
Documents 
can be linked 
to them.

NO NO YES
Each object 
has a
report/docume 
nt associated

YES
This class
manages
documents

YES
This class manages 
documents

YES
This class
manages
documents

YES
Objects are 
linked to their 
location in the 
system

NO

Revision
Control
(The system 
keeps track of 
changes 
made, by a 
system of 
revisions, and 
life cycle 
management)

NO NO YES
Keeping track of 
revisions and 
changes in 
products, parts 
and components 
is critical for 
reliability.

NO NO YES
Life cycle 
management is 
critical in the 
design activity

SOME docs
Some reliability 
analysis documents 
might be reviewed 
throughout product 
life cycle

SOME Docs
Some service 
support
documents might 
be updated and 
changed (field 
test instructions), 
while some will 
not (service 
Bulletin)

NO NO

Table 5.1 Customized structure of data in the PDM System
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5.2.2 Failure Data Analyzer

The failure data analyzer allows the user to perform searches and calculation of 
parameters on field data that has been retrieved from the field. In order to do this the 
tool connects to the failure and maintenance database, which location can be specified 
by the user as shown in figure 5.6.

i» HFDM System H iüeï

^  Reliability and Field Data M anagem ent System

:o ./âÊ S lE E Œ
Select the Field Data Database Source

ability Prediction T ools

Browse Confirm Selecti

Selecting Databate

1 1 iMmtip niohihi ilmn 1
t?lxj

Lookjn: | a) Reliability Management Software f*n| jlHHESI
__1 Analyser Tool v1 n Final Tool v2 (l

1 Code Backup C] Final T ool v3
1 Database Layout H  Final T ool v4 .' 1E «ports C] Final Tool v5 !

_1 Failure_modes Q FrontProiect f
1 Final T ool n Padraig

«1 1 Jj
File name: [| Qpen

Files of type: Cancel

I-  Open as read-only
A

Figure 5.6 Database selection for the failure data analyzer.
The tool searches the failure data in three different ways as follows;
. Top Cost. Retrieves a list of the parts that have failed, sorted by the total cost that

the failure of this part has represented.
. Top Frequent. Retrieves a list of the parts that have failed, together with the number

of failures for each part, and ranked from higher to lower number of failures 
Define Search. Allows the user to define a search based on different criteria, such 
as product type, in-service dates, or dealer number.

Figure 5.7 shows the interface of the tool, where the searches can be specified. 
Parameters calculated based on the data retrieved can be viewed in the performance 
analysis page as shown in figure 5.8
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! Failure Database Analyzer

Dala Seaich Criteria A c tio n s

Buttons to select 
type of search L

S how  All Top Failing

Top Cost Refine Search

Unit Performance Export Results
to Excel

Parameters calculated for
the data retrieved

r Showing Delined Seaich Buttons to select 
type of action with
the data retrieved

Figure 5.7 Failure Data Analyzer.
I Failure Database Analyzer

Failure Viewer Unit Performance Analysis

F.verage total hours per day

F

6
¡2.251014
I <) -

jl .704936 2 - 

0 -
jo. 352901 V

p t :
Cl

I T ot-il Hours 

Engine Hours 

I Electric Hours

Wean Time to First Failure

Mean Time Between Failures
Calculated parameters 
for the units searched

Data and results 
can be exported 

to Excel

Data Search Criteria ¿ if l ir ir n

Show All
A report can be 

automatically generated

r u s i* i

[Unit Performance j 
1 Analyzer j

Export Results 
to Excel

Report Ext
------------------------------------------------------------ ---------------------- :---- =------------------------------ i--

ÂShowing Defined Search 04/12/00 00:55

Figure 5.8 Parameters calculated.
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Parts Failure Analysis

By using the parts failure analysis button in the RFDM user interface, a tool is launched 
that performs analysis on field data, by specifying a particular part or component. This 
tool also connects to a selected database as shown for the failure data analyzer. The 
interface of this tools is shown in figure 5.9.

bj P a it  F a ilu re  A n a ly s is

Pat Information
Part Name ge|t d ' -TieltìBiily D escriptor |B1 * ZÌ Summary information
Pad Number |"~ P1 Reliability Estimator l-IOCO d on the searched part
Service Part Humber f~

fcMPSupplie»
Critical Item [7 ^

Undergoing p- Project Type I Rel.abil.iy *1 Project

Total Number ol Failures for the Part I5

jPercantsge ol Parts Failed j71.4285

Percentage of Units with this Part Failure |50X

Units with more than one lailuie lor this part I2
Avg Hours to Falure (only failures] |474

|Avg Hours to Failures (all units) |l GÜ0.99

Results can be reported or 
exported 10 Excel

1.0 - T
0.5 -

1
0 0 - JL

v . o
V \ 8\ \ Ò

Calculated parameters 
Tor the part

04/12/00 01:07

5.9 Parts Failure Analyser.

5.2.3 Costing Analysis

The focus of this thesis was on reliability analysis and calculations. The costing part of 
the project was researched by other authors. Full description and specifications on the 
costing tool can be found in reference [HerOO].
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5.2.4 Failure Modes Manager

The failure modes manager supports the reliability engineer in specifying failure modes, 
based on his/her experience and in the FMEA analysis performed on parts and 
components. By specifying these failures and feeding them onto a database, the 
reliability engineer ensures that reference is available when needed. These database can 
be uploaded to the dealers sites, so that they can identify clearly the failure modes of 
their components and parts, and specify them when entering a failure in their failure and 
maintenance database. Figure 5.10 shows the layout of the failure modes manager.

Hi, Failure Mode Database HISIE3
Failure ID Failure Definition
[Ï I Belt Cracks

Failure Infoimation

Part Info

Part Name

Part Number P1

Failure Type JWear-Out 

Undergoing Project j—

Rating details
Severity Number I4
Criticality Number I6
Detectability I3

Failure Rating Number I5

FMEA Fault T lee Analysis

Failure Description
Failure due to long hours on belt, and to inadquate maintenance

Picture of Failure Pictures of Failure

Figure 5.10 Failure Modes Manager.

5.2.5 Reliability Prediction Software

Different software packages for reliability prediction can be accessed through the 
RFDM system. This software packages are used for performing some of the reliability 
analysis and calculations that have been described in chapter two. Figure 5.11 shows the 
Weibull software, which is used in reliability predictions based on lifetime distributions.

84



Chapter 5 Prototyped Reliability and Field Data Management System (RFDM)

5Ç1 ReliaSoftWeibull++ 5.32
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Main Conliols | Qihei Tools |
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Paiarneteiî

Part A pia1 oi- jtt Geneidl Sheet /

PDM System 4j i  Folio 1:C:\Reliabi!ity Tools\Weibull5 32Vpart2.wdf

n r< ;| Numbej Last Slnte 
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End !D
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2 16 ' 6.12 F 19.92 71.69
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Reliability and Field Data Management System

RFDM
  ■_______________

Information Manager File £dil Insert £ata Formal View I oqIs Window Help

Figure 5.11 RFDM system launches reliability prediction software.

5.3 Performing Field Data Reliability Analysis

The process of field data analysis, both in cost and reliability has been conceptually 
described in chapter four. Field data is transferred to the reliability engineer database 
through the internet. A standard database to perform this type of analysis has been 
developed in Microsoft Access. Data from this format can be exported and imported to 
the different tools that are used in the RFDM, i.e. the information manager and the 
different prediction tools. The field data analyzing tools can connect directly to the 
specified database. The results of the analysis can be then exported to Excel files or to 
report format, and stored in the information manager. The set of steps to be followed 
when using the RFDM system for this purpose is shown in figure 5.12.
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Figure 5.12 Steps to perform field data analysis.

5.3.1 Searching Parameters

In figure 5.21 a defined search parameters is specified for doing reliability analysis on a 

set o f  data

Searching Parameters ■I
C By Unit Serial Numbei

By Details

r  By Dealer

F jBy Unil Typej

i~ By Manufacturing Date

F~ By Installation Date

Cancel Select

Figure 5.13 Searching Parameters for Failure Analysis.
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Dealer and unit type can be picked form a list, while the dates can be selected from a 
calendar type screen, as shown in figure 5.14.

Manulacluiing Dale

From 14/10/00 To 14/10/00

J j October 2000
M■ ' I¡ . ' -V< I h i J r 1 ¿1 ...
25 28 27 28 29 30 1
2 3 4 5 8 7 8
9 10 11 12 13 14 15
18 17 18 19 20 21 22
23 24 25 2G 27 28 29
30 31 1 2 3 4 5
¿̂ TTodai>: 04/12/00

3 Select

5.14 Selecting different dates for search.
5.3.2 Calculation of Parameters

Once the parameters of search are specified, the tools retrieves the failures according to 
that information, and calculates a number of parameters that give some reference on the 
reliability performance of the units searched. Figure 5.15 shows the search for units of 
type SL 100.

gg Failure Database Analyzer

'Failure Viewer Unit Performance Analysis

Dealer Numbei 
Unit Type 
Serial Numbei | 
Manufacturing Dales 
Installation Dates

|SL 100 Tolal Numbar of Failures [759 
T olal Cost 15"

Data Search Ciiteria

Show All Top Failing

Top Cost Define Search

Actions
Unit Performance 

Analyzer

Failure ID Unii Serial No Dealer No Primarii Failed Pail Pari Name *
► 1 0199SC189 D1 P1 Belt _

4 03995K137 D3 P4 alternator
7 01935X189 D2 PI Belt

I« - 1—
mæsxjps........... Q3 Pi Reil _L

> r

Export Results 
to Excel

Report Exit

Showing Defined Search 05/12/00 19:59 //,
Figure 5.15 Search for units SL 100, with failures.
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The tool gives options to export data to different formats. An Excel format will allow 
the user to perform further analysis or calculations. In any case, the file generated is 
then added to the information manager, in the class reliability as shown in figure 5.16.

Reliability - Pioj-001 System Information: I
□R'r*Hl^lRe □ #R«BLiUv.ReÉÜ Rel-ÜÜÜÜt)----
Q *̂ g]Rel-0001 D Reliabil 
D|lRel-00002FMEA. 

-LJIÄ R el-00003 Fault T 
-0  R el-00007 
-□  Rel-00001 Desciip

PirtiiL r sfH 
0

Associated Objects ► 
Soil Tree ►
T ree Properties

I  i ! t i l . .  1 I I \ « . . .

Analysis Document 
Fault T ree Analysis 
FMEA Analysts 
Reliability Specifications 
Reliability Predictions 
Reliability Block Diagrams 
Reliability Allocation
Failure Report
Reliability Costing Analysis 
Ciitical Item Information Sheet

¡04
ected.

Figure 5.16 User adds failure report to the information manager.

5.3.3 Documenting the Results

When adding the document, the user can specify the summarized information by filling 
the fields in the failure report profile card.

Reliability - Pioj-GQI System Information;

Hg€uElSEEiSlBs Profile Card I Links | NtfrgT"| Revision | Viewer
el-00011 Failure 

D̂ ReWOOœ Failure
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product_____

Field Failure Report
Lj ̂  R el-00005 T op-Cc ______

ÉI □  (¿y. Rel-00006 Reliabil Fleliability ID |Re|-00012
È ü  Rel-00009 Revision I
□  1)Rel-00010 Reliabil 1______
D Ê Rel-00002 FMEA. S,ale

-□ ̂  R el-130003 Fault T Phase
-Q Rel-00007

[Producilo
. nej'uuuuf .. ,-----------   —

f'l Rel-00001 Descrif DescnPl,on |Field Data retrieved from Marshalls

ReJ&ility Engineer ¡Marisa Ocon 
ype of Failure Report [Defined Search 

Date of Report I10/03/2000
A search for failure reports 
can be run based in any of 
the field in the profile card

Product Range [Trailer-Eiiiope 
Product Type 
Pait Number 
Part Name

|SL 500.

Comments

OliiJ
An ID field is 
automatically 

generated

~3
3

| Add OK Apply Cancel
1

\G eneral /  S earch Parameters / D etails f
Figure 5.17 Field Failure Report information pages in the system.
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When filling in the different fields, the user can make use of support features, like 
lookup tables, or reference lists to other classes, e.g. when selecting the product type, 
data from the products class is automatically displayed for the user to select, as shown 
in figure 5.18.

. . !

Product Range Trailer-Europe d
Product Type SL 500,

Part Number Product ID Revision Class

Part Name ! r » i  _ j —
2 SL 100 _ M

Comments ■' SL 200 50 \ f ' n m —
4 SL 500 I 6 ( |

SL 300 50 n r g
6 SL 200 30 ! f l

- t r U .
1 Add iJ J

Figure 5.18 Product type selection feature.
The searched parameters, and a summary of the findings can be also added in a second 
information page, as displayed in figure 5.19.

Reliability - Proj-001 System Information: ISJxJ
3

■D^jRel-00011 F. 
üfjlRel-ÛOÜOB F. 
Q  R el-00005 T
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By Pari Number 

By Dealer Number 

By Dale of Failure 

By Dale of Manufacture 
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By Failure Modes

SL 500
Ail

Marshalls

All
All

All
All

Summaiy of findings

Search parameters 
information page

High number of failures for belts and electric motor. 
Units have repeated failures for these parts. 
Percentages are over the average.

Add OK Apply Cancel Help

j j  3  eneral \Search Parameters/ Details }

Figure 5.19 Failure report search parameters and conclusions.
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The file is finally added to the system by specifying its location. I f  the failure report was 

released, the file w ould be added to the vault. In this case, access w ould be secured and 

data w ould be encrypted. The revision system would be initiated.

Reliability - Pioj-001 System Information:

B̂ lReliability Treem ncnaawBB
□  $«Rel00011 F. 
lî lRel-OOOOGF.
□ ̂ *Rel-QG0G5T 
Ö R el-00008 R

! ÉO R el-0000
□ ̂ Rel-OOOIOR
□ ÎlRel-Û0002F1 
-□ Ral'00ü03 F.
-□ Rel-00007

' -□ Rel-00001 D

File Info

File Name |pa!tfai1uieanateei,x!s m
File Type |Mkaoa)it Excel d
Directoty (cAdocuments fot pdrndemo f€

l.+

User Info

Created by... |joe.
Qeation Date 112 /04 /200(  

Modified by .. |"
Last modification date and time

Revision Info

Effective Fiom 
Effective Until

Iff

Apptoval Dote |

» I \Gei%ctal/jSeatch Paramelets ̂ Detail?/

Figure 5.20 Failure Report file inform ation, user inform ation and revision information.

From this point on, all the users o f  the system can access the inform ation gathered in 

this docum ent (given they have view ing access o f  this class). For exam ple a user might 

be interested in retrieving all the failure reports on a particular product type. By 

searching the system with that parameters as shown in figure 5.21, the user will retrieve 

the specified documents included the one that has just been added. O nce the search is 

run and the docum ents have been retrieved, the user has access to a number o f  features;

v iew  all the summarized information through the profile card;

• v iew  the actual file through the view er page;

. add notes to the failure report;

v iew  and access the docum ents that are related (linked) to the failure report.
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Figure 5.21 Searching for failure reports.
The viewer page for the failure report is shown in figure 5.22

Reliability - Proj-001 System Infoimation

R el-00012 F

J n J ü l
E) Reliability Tree

ta -D p ..
: D ^ R  el-00011 F. 
I - 1  ^ R  el-00006 F. 
; □ ^ lR el-00005  T 

Ei [ j  Il'.-.R el-00008 R 
■ S R  el-0000 
l - Q 'l l lF  el-0001 OR !- Q R el-00002 FI 

n ^ R e l-0 0 0 0 3  F. 
h O  R el-00007
m  R el-00001 D

Links Notes Revision Viewer |

J j

10
1112
131d
15
16

Analysis Re

Part Name___
P a rt N u m b e r 

T o ta l N u m b e r of

________  „.5.
Pe.rgentä g e of Pj
........... 71.43%
P e rc e n ta g e  o f JJi 

50%

Be|t .
P1 ....

Fa ilu res

h  I- T, b e r o f  u n its

................
Av e r a g e H o uis lo

474
Ave rag e H ours to 

1679.73999

lltS Date 11/29/00

!

rts F a j l_e d !......... _ _..........i

its lAiith th ls jF a ilu re  I

\Sheet1 /  Sheet2 /

Z':

vith more tNan one failure for this part 

F.a!lu._r.e...on|y.f.ai!e.dur|,|1ts
 I........

Failure, all] units

Figure 5.22 Viewer page for failure report.
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The parts failure analyzer allows the user to perform reliability analysis on field data but 
for specific parts or components. Once the analysis is produced, the information can be 
dealt with in the same manner as has been shown. In this case, the type of field data 
analysis report will be specified to: failure report on part, as shown in figure 5.23. The 
part number will be entered in the parameter information.

Reliability Engineer

Type of Failure Report 1 j r

Date of Report Top Costly 
T op Failing
Dpfinp.rl Sfiamh
Failure Report on Part

[Default

Figure 5.23 Specifying a failure report on part type of report.
In summary, field data can be consistently analyzed by using the tools developed. 
Different types of analysis can be made. Files automatically generated with these tools 
are then added to the information manager. A specific subclass of the class reliability 
stores this type of files. Summarized information on the analysis, searched data and 
findings can be added to the profile card of the report. Once added, users can retrieve it 
through various searches. They can also view it, and access the summarized 
information.

5.4 Failure Report and Corrective Action System

To ensure that the relevant personnel is informed on failures, failure reports can be 
brought through a workflow designated by failure reporting process. The same applies 
to any corrective actions that are implemented, and that would generally result of a 
failure report process. For that purpose, the corrective action process is used. As 
specified in chapter four, when the failure report process is initiated, the reliability 
engineer will generate a failure report that will be brought throughout the workflow 
path.
5.4.1 Failure Report

The generated failure report, can be the result of field data analysis or in-house testing 
and checks. In this last, case the reliability engineer will use the template that he can 
retrieve from the system to specify the failure information as shown in figure 5.24.
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Docum ents - Proj-OOl System  Infoimation:
B 3l] Documents Tre

-FI j© Ref-0001
"Ö ffiPSSffl
riflgRef-OOOi
□  ffiRef-0001Ï fflRef-0001

• Ö ® R ef-0 0 0 i
E]•□ t ä  Folder 0lÉ-P ßR ef-C

è D  fS$Ref-CÉ-nffiRef-C
è O l g R e K& n t fä Folder 01
.É C ! ©Ref-C

ÉH 1 £¡3 Folder 01
S'D É® Ref-C$-DffiRef-c
È - D È l  Ref-1

Profile Card) Links | Notes Viewer

±LJ ±1

T itle

A u th o r

D ate

P u rp o s e

I P o s it ic

L o c a ti o n

Product Typ* 1 Part Number 1 P a il N in i '

P e ile r Dans

Type
Other

jjSS

1 Define the reasons for the Failure Report.

(Summary o f motivation, i.e. customer complains, research & 
development, warranty analysis, costing analysis... .etc)
2 Define the scope for the Failure Report

(Summary o f the information that was looked at, describe the 
parameters for searching this information)
3 W hen Searching a component or part, describe the failure modes, their 
environmental specification, and possible cause.

4 Describe summary of findings

5 Add any other information considered relevant

fift.

Figure 5.24 Template for failure report.
5.4.2 Failure Report Process

The process is generated by choosing it from the workflow menu as shown in figure

File Edit View I ree Browser | SmartFlow Life Cycle lools Window Help
General Process 
ECP 
ECO
CQP Component Qualification Proc 
SQP Supplier Qualification Proce 
Eng Testing Request
Failure Report Request
Field Trial Process Request 
Corrective Action Process Reques 
Engineering Project Request

a  s  si
* %  i f

Initiate Process ►
SrnartBox

Find

5.25 Initiation o f failure report process.
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The failure report also has customized pages of information, and a profile card that is 
passed on together with the documents or objects that are the subject of the process. 
This is shown in figure 5.26

Failure Rep

The process can be 
linked to any object, 

and notes can be 

added

B Failure Repor Profile Card | Links ] Notes 1 Tasb^f Histoiy | Flowchart |

Ij^Oo. Failure Report Process

each step, users can view the tasks 
that need to be carricd otit

The flowchart and 
history of this 
process can be 

viewed

Documents and 
objects are 
passed on in 
the proccss

Title of PtocessJPiocess-000046

Pi oc ess Status j Process \i Hewing 

Priori JU Uigent

Summary 
information on the 
proccss includes 
priority and time 

limits

-• I End Time |

~~ÿ] Time Limit ¡21 00:00:0 j_t|

ype of Failure Report ¡Failure Report on Part 

Puipose of Report High failure rates on belts has been identified. Please review 
information included.

±u | Update OK Cancel Help

\Geneial/Summaiy and Conclusions ^User Info/

Figure 5.26 Failure report process pages of information.

Failure R eporting

B  FaikireF Profilo Card | Links ] Notas | Task i | History F low cha rt

When viewing the 
process flowchart, 

colour borders 
identify the actual

nJme/Coîlir

Figure 5.27 Flowchart for failure reporting process.

94



Chapter 5 Prototyped Reliability and Field Data Management System (RFDM)

When users receive the process in their workflow mailbox they can open it, view the 
information linked to it, the tasks to performed, the time allocated to perform them, and 
the history of the flowchart, as showed in figure 5.26 ad 5.27. Figure 5.28 shows the 
tasks window where the reliability engineer views what needs to be done.

Name___________________
Set Parameters 
Perform Search and Report 
Add Report to database 
Comment Report

Description______________________I
Enquiry parameters of search 
Run the analysis tool, and get re... 
Do not release report
Suggest causes and solutions

Add T ask H i Properties ] Delete

Close Help

Figure 5.28 Tasks of the reliability engineer.
Once the tasks have been performed, users accept the process and it is automatically 
sent to the next user in the flowchart. Paths are also designed for cases of rejection. 
When the failure report process has been completed, all the designed personnel has 
received the information on the report, and has reviewed it and analyzed it. Their 
comments and suggestions have been added to the process for further review.

5.4.3 Corrective Action Process

In many cases a failure report process will result in a corrective action process. This 
process is initiated after failure analysis has been carried out by assigned engineers, and 
a proposal of solution has been presented. The operation of the corrective action process 
is similar to the failure report process. Initiation of the process is carried out through the 
workflow menu as shown in figure 5.29.
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Ï Initiate Process ► General Process 
Supplier Qualification Process 
Engineering Testing 
Failure Reporting 
Component Improvement

SmartBox

. Eind,

Corrective Action
Component Qualification Process 
Field T rial Process

Figure 5.29 Initiation of a Corrective Action Process.
The front page that presents the process summarizes information on the process, and 
includes status, importance of time limits. This page is shown in figure 5.30

Coifective Action

Close Help
0 Conei Profile Card I Links I Notes | T asks I History I Flowchart IW-jZI

□ Corrective Action Process

Corrective Action Process jPiocess-000048

Priority |E £ urgency
Importance jNomwi importance

Process Status    ---------Ipioee;; is (lowing

1 ]
* I Ertd Time I i

— ] Time Limit |0 00:00.00 |vj

Description |Rework program of belt system in SL 500 
Comments

^□JxJ

>■ I ~\Plocess Info/Collective Action Iniô Usei Into /

Figure 5.30 Corrective action process genera information.
Specific information on the action itself is recorded on a second page of information as 
shown in figure 5.31. There is also a flowchart specified for this workflow, and the 
information is brought through it much the same as in the failure report process. In this 
case users have to review the action, comment it, and approve it from their specific area, 
e.g. quality, reliability or design. Each user is assigned a number of tasks and a time 
limit to perform these tasks.
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Collective Action

Close Help

Actions affect...
Affected Units

Affected Parts 

Reasons lot Action

SL 500

Belt System

High Failure Rate of belts detected.
Belt system is being overstretched by pulley.

Putpose of Action Spring system reliefs tension of belt

17 Neediest __________

W Need Repair Kit Part Number for Kit |ZS 220384

| Update OK Cancel Help

<1 1 » 1 \Process Info ̂ Corrective Action Info/User Info/

Figure 5.31 Corrective action specific information.
5.4.4 Corrective Action Update and Feedback

As well as this, as the processes flows through, a corrective action entry in the database 
is created. This entry is stored in the service class. The information on the corrective 
action is summarized there. All the relevant files such as test instructions, or fitting 
instructions are added to this entry. The service class is generally the window of the 
system to dealers. Through the service class dealers will be kept informed on the 
corrective actions that are being implemented, and will be able to access all the 
information that they required for carrying out these actions. Figure 5.32 shows how a 
corrective action can be added to the system through the service class menu.

97



Chapter 5 Prototyped Reliability and Field Data Management System (RFDM)

i o  se

E l i t ]  Qi 
É 1 1

Add M Maintenance Repair Manuals
Associated Objects ► Field T est Instructions
Sort Tree ► Update on Uorrective Actions

é u T ree Properties Service Bulletin

É C ] Description of Check Ser-OC Troubleshooting Guide 
Service Parts Information Sheets 
Service Document

Figure 5.32 Adding an update on corrective actions to the service class.
The update on corrective actions profile card is shown in figure 5.33. This class has 
been designed with the purpose of informing dealers.

Service - Proj-001 System Information:

El Service Tiee Piofile Card | Links | Notes | Revision | Viewer |

Update on Corrective Actions
Coirective Action ID

EJ-L.
i~[] [ 3  SB-00001 

B -[]  CA-000001
Çl L.1 Units alf 
É|.J Desciipt 
É  0  Descript

CA-000002
State New

Corrective Action Title jSpring pulley kit for belt system 

Description I

Product Type 

Part Name 

Part Number

Comments

jTrailer-Euiope j
|SL500. n
|Belt system

r
Use only in units with cycle centiy option.

► I ~\ General /Summaiy of Action XDetails / ____

Figure 5.33 Update on Corrective Actions.
The second page of information summarizes the information on the action. Files with 
instructions can be added. Recommendations can also be add. Also the watch out field 
points out critical issues, and requests feedback on them.

98



Chapter 5 Prototyped Reliability and Field Data Management System (RFDMÌ

Service - Proj-001 System Information: I□( x
E! jj§J Service Tree

pill 1 l—
r i* ilH  SB-00001 Reason for ActionBiJ CA-000001

ffli.J Units aff
Ei-i.J Descript Purpose of Action
(i>i j Descript ||

Profile Card Links I Notes j Revision j Viewer !

i U

High failure rate of belt system caused by over-strech in the pulley

Avoid over streching

Description of Action Spring system added to the pulley

W Field Rework Required 

r  Field Maintenance Required

R  Need check Requests for feed back 
can be included

Check Title [Tension measurement of belt system

k  NeedKit Kit part Number l2s93492° / X
Watch out for When kit used, check periodically state of spring and feedback if any 

cracks appear.

Figure 5.34 Update on corrective action summarized information.
Feedback from the corrective actions has the means to get back to the organization 
efficiently, provided the there is good collaboration and interaction with the dealer. 
Figure 5.35 shows how a dealer has introduced a comment as requested in the corrective 
action object.

Service - Pruj-001 System Information:
Sjf Service Treei~n ra SB-00001 - i l l H B
È -D ll CA-000001

mm®G

Profile Card | Links Notes | Revision ] Viewer | 

Creation D ate | Created by
i k ¿Jaiüwgf nmin ml

Units alf 
Descript 
Descript JÜ

One of the springs used has cracked after 50 hours of operation. I arn sending it back to TK for further 
analysis. The rest seem to be fine.

Figure 5.35 Feedback from the dealer through the notes page
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5.5 Critical Item Reliability

The purpose of Critical Item Reliability is to identify critical items. Critical items are 
defined as items or components that are likely to be sources of unreliability, or whose 
failure can significantly affect reliability, safety or repair/replacement costs. The 
purpose of critical item reliability is to identify these components through established 
rules or guidelines, and assure that engineers and users are aware of this condition, so 
that precautions can be taken. A critical component will, in general, require special 
attention when used in a design process, when being assembled, and also when being 
maintained. The list of critical items must be consistent, and must come across the 
organization. The process of specifying critical items and publishing this information is 
done through the information manager and will be implemented following the 
specifications reviewed in chapter four. The different steps are shown in figure 5.36.

Figure 5.36 Steps for critical item reliability.
5.5.1 Critical Item Control Checklist

The reference material class stores a checklist for critical item identification and rating, 
and a template that can be fill in when identifying a component as critical. The 
reliability engineer will retrieve this template through the information manager and fill 
in the required information. By systematically using this checklist he/she will decide 
upon criticality. If the item is proven to be critical he/she will add this document to the 
system and mark the component as critical to feedback the rest of the users.
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Title Critical Item S heet I R evision
A uthor Marisa f l a s a  i P ositio n
Date 11/2000 [ L ocation R&D Galway
P ro d u ct S L 2 D 0 | P art N um ber 772527 1 P art Name | Blower Shaft
P u rp o se
-Score He rt if ¡cation o) Critical Items Score (0 to  10 )

M»jh V.ilje Cofirioriorts s
NtfAr (r Rtitfissni. 2
Lrr^iod LHa tems m  n.irctr ; ■■■ ■ 1 t'it .i. n-'i: c:’ rJln) S
Ref .ill it y snmiiva paiis {M n ; I ?. '-1. 'r hi. ' / ■  i! 0

Souiv i"; or cuAios-n co<n:icnon'-. 111
KUg'o f . r L l Ptirr.s ‘‘viiAJtC!:. ‘h.:it' ,'('.13 " V" 1 : < i o i  c:.1 ;i .itlli 10

Tcta l S c o r * f o r  th e  ite m  f o i i  d  S it) 32
C o n tro l
C h e c k lis t

ti.T--. } i  .reMe:(VI /■--! 1 v*’ ilK .irm .tÿcaclt YES
t Î,Mt c r m t i t '  n.j i ( * . r - tiesn cor : u rin-77n7 NO
Mli.u ' i* ,rj. y ! Zi'>.invci"r.'iiÿ7j7 YES
/Vorr.-û'.yi’ '9»îi'-tote !•>•*•.icriii.inul-i li i j t t  iivo :a~qira7?J YES

i .-v!:oco r td  < * i ■ t .. ■ YES
1 Identification of the Problem
The i t  eel shift located in the b low ers assembly, was repented to fail in two different units, in 
Septernber 98 for the first tim e. Some coneem was shown bee aus e s erne p acts of the ass embfy  had b e en
redesigned some tim e ago. A steel shaft failing is a major “ custciner iinp act”  problem, since the "unit is 
not able to peifbim its operation and because it is a non- e je c te d  kind of failure.
2 Description of failure
$t£8,l shaft seising ,w ith  a fracture surface fairly clean arid perpendicular to the shift axis. The poirt of 

fracture ii located in tlie control box bearing assembly, in the inner part of it, at the point vjhere the 
sha± thickness changes to accommodate the bearing

1. Steel Shaft
2. Bearing Inner 

Race
3. Beaiing
4. Pulley
5. Blowers belt
6. Bracket top

Figure 5.37 Critical Item Information Sheet.
5.5.2 Critical Item Entry in Information Manager

The critical item information sheet is added to the system, by storing it in its specified 
location in the reliability class, as shown in figure 5.38.

O I JUUSISJ
■ m

m  
■ m .

Add ► Analysis Document 
Fault T ree Analysis 
FWEA Analysis 
Reliability Specifications 
Reliability Predictions 
Reliability Block Diagrams 
Reliability Allocation 
Failure Report 
Reliability Costing Analysis

Associated Objecls ► 
Sort Tree ► 
T ree Properties

ÉH :U-,.Rel-00008 R 
: è - u  Rel-0000 

Q^Rel-OOOIOR 
:-D IS R el-0 0 0 0 2  FI
: 0 A R el' 0 0 0 0 3  F'Q R el-00007 Critical Item Information Sheet

Figure 5.38 Adding a critical item information sheet.
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As with any other object that is added, a number of fields are filled in, in the customized 
information page. This helps users to quickly get the relevant information, and to have a 
number of parameters for searching criteria. The profile card view for the critical item 
entry is shown in figure 5.39.

Reliability - Proj-001 System Inforniamoti:

S B:+!
i  ItmI

R el-00014 C
¡Reliability Tree
□
□  ̂ Rel-00012Fi 
Q ^ R  el-00011 F. 
1 ^ 1  fi el-00006 F.
□  ^R el-00005T  !

el-00008 R 
! 0 - 0  R el-0000

□  "Ì|Rel-00010R 
I- Q jj||R  el-00002 FI 
: [ j^ R e l-0 0 0 0 3  F. 
! - □  Rel-00007 
i - Q  Rel-00001 D

Profile Card Links l Notes
■  

Revision I Viewer

Critical Item  Inform ation S h ee t

Product Range Trailer-E Miope

v io li l i

Reliability ID R el-00014

State New d
Description Critical Item with score 32

Part Name Blower Shaft

Part Number 75428

iff~3
Reliability Engineer |Tom McPhelin 

Comments Few failures, but very critical and damaging.

y I ~\ General/Details/

Figure 5.39 Critical Item Information Sheet in the information manager.
And consequently, the component specified is market as critical in its profile card as 
shown in figure 5.40.

r~ FMEA Performed 

17 Critical Item

Figure 5.40 Component is marked as critical in its profile card.
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5.5.3 Critical Items List

The fact that a component is critical or not, is stored in the field critical items of the 
components class. This field is a simple checkbox. In order to retrieve which items are 
critical, users can build a view in their system that will dynamically search for those 
items where this checkbox is ticked as shown in the next figure. In this way, the user 
has continuous access and feedback on which items are critical, and can retrieved the 
information sheet for reference.

SmarTeam
g |  .%&-■ ) 3 0  T b rw iw  pfr.iiilFfpî*; IJü-fytiL- I-'Xiii. JaÖrtcKnv. The search for critical 

com ponents is build 
into a view , and a 

shortcut button can be 
placed in the interface

i l l ' s  b  *  %  © > 1 &  iX  *

0  IfR Products T ree

13 D  Asstly OOO
a-O éS E E E

E E lu & P a t -
•A é - ü » p « i -
- U &  AssblyOCa
I \ D §  Comp-0

E U  \SL300 50
1 t e ,  Assbly-OOOt

W hen the critical 1050
com ponent button is 10

usee , a list o f  the
critical com ponents is

displayed

C om ponent
Pioduci ID jComp-0001

rRevision Phaso
Slaìs P " - 1 

(production

I Evaporato CoJ

|10293029

“

Critical com ponent 
field

Part Marne 

Pail Nurribei 

Servies Pail Number ¡39482039

Supplier |Sup-000004 ■ Monies yAjociados ■ Spain ¡ g

Manufacturing Plsnl [Gaiwâÿidànd ^

Product Range [Trailer Europe T ]

' 17 Critical Item

T

Comfiiettls

t £ ©x oN a  s  c? ¡¡ 4 □ Q Q \  /v & g \ \ +  s  £
User login: |oe

Û
¡Critical Cornpcfients

Figure 5.41 Critical Items Listing.

5.6 FMEA Analysis

FMEA Analysis has been recognized as one of the most valuable tools of reliability in 
design. One of the major benefits of performing consistently FMEA analysis on 
assemblies and components, is that these documents can be used for reference in many 
other activities. FMEA are used for component qualification processes, for designing 
maintenance strategies, for creating troubleshooting guides or for supporting other 
documents such as reliability predictions and specifications.
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FMEA documents are therefore a very important class in the RFDM system. The 
documents are stored in the class Reliability as shown in figure 5.42.

Reliability - Proj-001 System Information:
0 Reliability T ree

P Rel-OOOOS Failure Repoil 
□  f$Re)-00005 Top-Cost Nov. 

R Li |/v. Rel-00008 Reliability Anali Hi R el-00009
D el-00010 Reliability Spei

D ä̂ Rel-00003 Fault Ttee ani 
□  R el-00007

Piotile Card ] Links | Notes | Revision | Viewer |

FM EA Analysis

jRel-00002FMEA ID 
Revision

FMEA Type

State
Phase
jl'k-w

~3
13

Design FMEA
0  Rel-00001 Description of Motivation ¡High Field Failure Rate

Description |FMEA on Damper Door Motor Assembly

Product Range 
Product Type 
Part Number 
Part Name

T raiter Europe ~3
3196c49
(Damper Door Motor

Reliability Engineer jGateth Bennnet 
Analysis T earn

Dale ¡01/04/2000
Multi-discipline, USA and Europe

Comments

«JJ ► I "̂ General/Details/

Figure 5.42 FMEA Analysis profile card.
The profile card captures relevant information such as the type of FMEA or the 
motivation for performing the analysis. When a FMEA is performed on a component or 
assembly, a checkbox is ticked in the product profile card, so that a user can know that 
the FMEA exists and search for it. This is shown in figure 5.43.
3  Bff Products T ree Profile Card | Links Notes 1 Revision ]

F3-U J  SL200 30
ÉD^Assbly-OOOf
i ö  ü & B S E

P  D é  Part 
S Q î r̂ Part- 

È Û  &  Assbly-OOOt 
L ü  ^  Cornp-0l 

3-Q  JJ SL 300 50 
!•••□& Assbly-OOOt 

□  J  SL 500

Reliability Inform ation

’ (per Supplier) Type of Parameter MTTF ▼
Reliabilty figure (20000 hours

(per Analysis) Type of Parameter MTTF zi
E Reliability Figure 115000 hours

W jFfviEA Performed Date of update (07/01/200(^1

Figure 5.43 FMEA field in the components profile card.
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Finally the RFDM system includes templates for performing FMEA Analysis as shown 
in figure 5.44

Reliability - Pfuj-OOt System Information:

ED Reliability 1

â Rel-
D ^ * R e l-

sD U v.R el-
éD i
j t jm

' DAR«'- 
; - □  Rel-
-  □ Rel-

Ptoíáe Cad I Links 1 Notes | Revision Viewei

iL I  jl I

HERMO KING
ailure Mode And Effects Analysis

io d u c t/P ro c e s s : 
ivaporator Damper System 
»ith M eikle-Korff Motor

Ikkk-K&nT Motor
rov id ti rotational motion 

gear drive

e s ign  E ng ineer: 
uncan Lasley. Mike Weiss, 
■ reg T ruckenbrod

Part /  P rocess  

Function

Potentia l
Fa ilu re
Mode

P ro cess  E ng inee r:

Facilitator: 
Steve Britton

Potentia l 
E ffec ts  Of 

Fa ilu re

Potentia l 
C auses  Of 

Fa ilu re

D is tr ib u tio n : 
FM E A  Team

Date: 8/14̂ 8
Current

C ontro ls
Fails to rotate open Door sbadì closed ■ load i « i

F a i ls  to rotaie closed Door stuck open 
Long defrost time 
Possible load loss or partial damage
inefficient defrost

Moisture
Corrosion
Lack o f grease ingeaibox 
(seal)

Electrical finit 
Broken leads

Moisture
Corrosion
Ice

Electrical fault 
Broken leads

Field test
Environ Labs testing

Lab testing 
Supplier testing 
Sealing t* st

Field test
Elwiran Labs testing

Lab testing 
Supplier testing
Sealing test

À

Figure 5.45 FMEA template viewer.

5.7 Suppliers and Parts Qualification Processes

The final reliability of a product depends heavily in the reliability standards of its 
components. Providing means for assessing and improving reliability of suppliers and 
purchased component, has a highly beneficial effect in the reliability figures. The 
processes of qualifying suppliers and parts are a major support in this area. These 
processes have the purpose of assuring that the relevant information on suppliers and 
parts is gathered, and reviewed by all the specified users of the system. When reviewing 
this information, users must comment, suggest, and finally recommend or not 
qualification.
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5.7.1 Supplier Qualification Process
A summary of the steps in the supplier qualification process is given in figure 5.46.

Figure 5.46 Supplier Qualification Process steps.
This process starts by gathering general information on the supplier and establishing 
contacts for the quality, reliability and design engineers to work with. The information 
available on suppliers is passed on to the relevant users of the system. Based on 
guidelines that will be described next, and in personal experience, users will judge 
different aspects of the supplier operation. In the specific area of reliability, the engineer 
will consider different issues, review them in collaboration with the allocated contact in 
the suppliers side and finally recommend or not the qualification of the supplier. 
Recommended qualifications are then approved by managers, and if positive, a supplier 
qualification sheet is produced, and the supplier is recorded in the database as qualified. 
All of the documentation produced throughout this process, e.g. information sheets, 
brochures or product specifications is linked to the supplier in the database for further 
reference. The workflow is initiated through the workflow menu as shown in figure 
5.47.
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SmartFlow Life Cycle loo ls  Window Help

i Initiate Process ► General Process
ECP
ECO
CQP Component Qualification Proc

SmartBox

Find

SQP Supplier Uunification Proce
Eng T esting Request 
Failure Report Request 
Field Trial Process Request 
Corrective Action Process Reques 
Engineering Project Request

Figure 5.47 Initiation of a Supplier Qualification Process.
The pages of information defined for this process are shown in figure 5.48. All the 
standard workflow pages such as tasks, history, notes or flowchart are also shown.

Supplier Qualification Process All the information on the workflow can be accessed

Close

5d
L.r

r 7
Tlie supplier is 

linked to the 
process and 

brought through il

F Profile Card ] Links ] Notes j Tasks | History) Flowchart]
8

Supplier Qualification Process

SQPName ]Process-000050 -------------------------  - £

SupplierJD Sup-000001 

Supplier NarnejFabricated Products

State |n 

Importance

ew 3  E n d  Time 103/02/2001 1 +

Normal importance 

Time Limit |l0 00:00:00 | tj Status ¡Process is flowing

Description Supplier for sheet metal parts.
Needed for new evaporator assembly

JöJx]

Figure 5.48 Supplier Qualification Process.
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The flowchart can be viewed. Each node represents a user and each user has tasks to 
perform. Users perform their tasks, accept the process and pass it on to the next node. 
This is illustrated in figure 5.49. This figure also shows the task window for the 
reliability engineer.

|[ £k>ie Help
Supplier QualiJi pfohlaC&fdl Links I Notes ) Tasks I Histoiy F lw cb & t

□ e s s
Ü i f  Sup-

SI
Start,
Hr-tfe c c e J ,

Ac

jujchÄJ
Ac

Ar.

Quality
— iftfvii

Quafciy

The flowchart page allows the 
user to view the flowchart, 
and the process location

apt

ept

ept

Aecfct*̂  ,.r I ^OL
* *  ______  . n e  ____ __ E n d o lAcceoT ¿.cceoL) uaìificòtron

ept

Pioceu

*J|

Tasks have been defined for 
each user. These are the tasks 
of the reliability engineer.

\
:]7y|
•/«arenty

j ü j  j j k y

I Name
> /  Contacts

Reliability Information 

Y  Document Reliability of Supplier 
Recommend qualification if appro

I Description
Establish contact with Reliability r,„

in

il f a;V I -  I Erapwte I QtjÜfe

Close Help

Figure 5.49 Flowchart and tasks in the supplier qualification process.
5.7.2 Supplier Reliability Assessment

The reliability engineer uses the checklist and template included in the system to 
perform a supplier reliability assessment. The information manager stores all the 
assessments that have been performed, as well as documentation on the supplier 
operation, and also manuals and guidelines for performing all sort of reliability 
activities. The reliability engineer has at hand a whole range of information that 
supports him in the different initiatives and tasks that he/she carries out. Figure 5.50 
shows the viewer page of the reliability assessment document that the reliability 
engineer uses.
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Figure 5.50 Reliability Assessment Template.
Based on this assessment, he/she will recommend qualification. Different users perform 
different assessments, and finally the overall results are reviewed, and the supplier is 
qualified or not based on the analysis of each user. This is registered in the suppliers 
class as shown in figure 5.51.

Suppliers
Supplier ID 

Company Narne

Ì Ì
Sup-000006

BOSCH

W  Qualified Supplier Date of Qualification 12/01/1999 !

Figure 5.51 Supplier qualification Information.
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5.7.3 Component Qualification Process
This process is carried out in a similar way to the supplier’s qualification process. The 
process needs to be initiated when a new component or item is to be incorporated into 
the design of a product. The Component Qualification Process is carried out when new 
components are to be used in a product. Figure 5.52 Component Qualification Flow 
Process

Figure 5.52 Component qualification steps.
At the end of the process a qualified component information sheet will be issued, and 
the component will be checked in the database as qualified. The process is initiated on 
the same way as the suppliers qualification process.
5.7.4 Checklists for Component Assessment

A number of documents are stored in the information manager that will provide 
reference and guidelines for qualifying components. The reliability engineer can access 
a checklist for component qualification, in the reference material class. These checklists 
are filled in during the qualification process, and make sure multiple issues are 
considered. A brief summary of findings and discussion on these issues, would usually

110



be added to the document. Figure shows the component qualification checklist within 
the system.
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Figure 5.53 Component qualification template within the information manager.

5.8 R eliab ility  Pred ictions, S pecificatio ns and R equirem ents

Reliability parameters on parts and assemblies have been divided in three different 
groups, i.e. reliability predictions, reliability specifications and reliability requirements. 
Reliability predictions will generally be made for assemblies and products based in the 
individual parameters of the components, or on empirical models. Reliability 
specifications will generally refer to reliability parameters from components and parts 
as supplied by the vendor. Finally reliability requirements, are reliability in design type
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of documents, where environmental conditions, modes of failure and reliability 
parameters for those modes of failure are captured. The relationship between the three 
types is shown in figure 5.54.

Used for building 
prediction models

Per supplier, past 
experience or testing

_____
Reliability Specifications 

(Components and parts)

Reliability Assessment 
o f  component

_99B S 99
Reliability Predictions 
(Assemblies and product)

Reliability Assessment 
o f  product

Reliability Requirements

Reliability allocations, taking 
into consideration operation

Past experience, market 
situation, customers 
expectations

Figure 5.54 Reliability parameters documentation in the system.
5.8.1 Reliability Predictions

For generating reliability predictions the reliability engineer will make use o f software 
packages that are integrated within the RFDM system. Reliability Prediction documents 
coming from the different software packages used are stored in the reliability class. In 
order to classify them on a useful manner, a prediction type field has been introduced, 
that determines the kind of analysis and source that produced the reliability prediction. 
The different types of reliability prediction documents are listed in figure 5.55

I Type of Reliability Prediction 1 Test or Field Da taM !ÌilS É ÌÉ ffiM l!

— -— ¡Default
Product Range 

Product Type 

Part Number 

Part Name

Traile

4058:

1 T est or Field Data
2 System R eliability Assessment
3 Similar Item Data
4 T ranslation
5 Empirical
6 Physics of Failure
7 Software Estimate

Figure 5.55 Reliability Predictions.
The information page for these documents is shown in figure 5.56.
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Figure 5.56 Reliability Predictions Profile Card.
Reliability predictions are supported with general guidelines and reference. The system 
includes a range of reference documents on various subjects such as data analysis, life 
time distributions or physical models.
5.8.2 Reliability Specifications

Reliability specifications are stored in the information pages of the component or part, 
and will generally be added during the component qualification process, by the 
reliability engineer. Specifications are shown in figure 5.57.

Reliability Information
(per Supplier) Type of Parameter \W

Reliabilty figure 1
(per Analysis) Type of Parameter Percentage of Failures bef ▼

Reliability Figure |5 before 10000 hours

W  FMEA Performed Date of update jß

5.57 Reliability specifications for a component.
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5.8.3 Reliability Requirements
Reliability requirements are documents that are added to the system in the reliability 
class. They include reliability parameters, modes of failure and environmental 
conditions. A template in the system supports the development of reliability parameters. 
The information in the profile card and the viewer for a reliability requirement entry are 
shown in figure 5.58 and 5.59.

Refi ability  * Rfoj-OOl System Inloimation:
¡3 |£»3ReSab®y T tee Profile Card | Links | Mole: | Revision | Viewer |

1 □  Rel-0001 4 C 
I D & i  Rel-00012 Fi 
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Product Type
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Figure 5.58 Information page for reliability requirements.
Reliability ■ Ptoj-001 System Information:
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5.9 S um m ary

This chapter has illustrated the implementation of a prototyped Reliability and Field 
Data Management System (RFDM). The system consists on different modules. Firstly 
the information manager, which is based on a PDM solution. Second the field data 
analysis tools that have been specifically developed for this application. Finally 
reliability modeling and predictions are done through software tools that are integrated 
in the system.
Based on the requirements outlined in previous chapters, and the specifications given in 
chapter four the information structure developed for the RFDM system has been 
presented. This structure consists of a number of classes and sub-classes that store all 
the data and information required to operate reliability initiatives. The PDM user 
interface has been customized, and it provides access control and security, and gives 
users efficient ways of dealing and retrieving the information.
The chapter has also shown the ways in which the reliability processes described in 
chapter four are carried out through the RFDM system. These processes include field 
data analysis, failure report and corrective action system, FMEA analysis, critical item 
reliability, suppliers and components qualification and finally, reliability predictions and 
specifications.
For the operation of these processes different features have been added to the system,
i.e. templates, guidelines and control checklists. Certain processes that have 
predetermined workflow paths have been designed into automated processes, so that the 
system carries out information and documents automatically through the path, and users 
perform pre-determined tasks sequentially. This has illustrated through a number of 
processes.
Next chapter will present the conclusions, recommendations and future work that have 
resulted from the research carried out, and the development of the software system 
presented in this chapter.
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Chapter 6

Conclusions and Further Development

1.1 Thesis Summary

1.2 Results and Conclusions

1.3 Further Development

1.1 Thesis Summary
The purpose of this thesis was developing an integrated approach to planning, managing 
and operating reliability within an organization. In order to do this, the author has carried 
out research in two different areas, 

reliability engineering 
information systems

In the area of reliability engineering, the research has concluded in the need of developing 
reliability through a process integrated with the life cycle of the product. The author has 
proposed a model for reliability as a process with three different levels, i.e. management 
and control, reliability initiatives and operations and finally reliability information flow 
and feedback.
The first part of the thesis has reviewed the concepts involved in reliability management 
and operation. Reliability initiatives and methodologies from different stages of the life 
cycle have been presented. The third level of the reliability process, i.e. information flow 
and feedback will give structure and ground to the operation of these initiatives. The 
requirements for such a structure have been outlined, grouped in two different areas. 
Firstly the information system has to provide analytical and functional features to perform 
the methodologies reviewed. Second and more important there are a number of 
requirements for the information structure to be integrated and efficient. Figure 6.1 
summarizes these concepts.
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Integrated Approach to Reliability

Management and 
Control

___________
Initiatives and 

Operations

Information
Requirements

Analytical
Capabilities

Efficiency and 
Integration

Information flow and structure

Figure 6.1 Integrated approach to reliability summary.
The research has diverged then into information systems for reliability. A number of 
reliability software packages have been reviewed and tested against the specified 
requirements. As a result of this benchmarking exercise, Product Data Management 
systems (PDM) have been selected as the most suitable tool to develop the framework for 
reliability operations.
To proof it, a case study has been presented, in which a prototype of a reliability and field 
data management system had to be developed for a specific application. Chapter four has 
outlined the structure of this system, its requirements and specifications. Information 
structure and processes have been described. The prototype has been shown in chapter 
five. It consists o f a software system with different features that include a customized 
information manager, field data analysis tools, and software tools for reliability predictions 
that are integrated within the working environment of the reliability engineer. The current 
chapter will present the conclusions of the thesis and will discuss further developments to 
the system.

117



Chapter 6____________________________________ Conclusions and Further Development

6.2 Results and Conclusions

The research and models presented in this thesis have resulted in the development of a 
system for reliability management and operation. Its operation has been tested by using 
some of the information and processes of the company that has been used as case study. 
The system is composed of two subsystems, i.e. the Reliability and Field Data 
Management system (RFDM) and the Field Data Management system (FDM). The RFDM 
manages reliability and data within the organization, and operates the information flow and 
exchange for collaboration. The FDM system provides the tools for the dealers to input and 
transfer the required information to the company, using web-enabling technology. Both 
systems interact, and are supported by the same data structure. The RFDM system has been 
the subject of this thesis, while the FDM system developed within the same project, is 
described in reference [HerOl]. The layout of the system is shown in figure 6.2.

Figure 6.2 Layout of the Reliability and Field Data Management System.

The different tools used by these systems are as follows;
• Information manager. Manages the information structure and reliability processes 

within the company. It acts as knowledge builder and support collaboration. It also 
interacts with suppliers and customers for collaboration and feedback

• Field data Retrieval and Transfer tool. This tool developed in the context of the 
project, which description can be found in reference [HerOl], serves two purposes.
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Firstly it provides a framework for the dealers to enter the information on a standard 
format by providing and input tool. Secondly the transfer tool feeds information back 
into the organization through an internet connection.

. Field Data Analysis tools. These tools are specifically designed to analyze the large 
amount of data retrieve. Data can be searched, grouped and finally analyzed to give 
parameters both in reliability and costing.
Reliability prediction tools. Software packages that are available for the organization 
are integrated in the RFDM system. These are typically reliability prediction tools.

Conclusions

Several conclusions have been identified throughout the research carried out in the area of 
reliability engineering.

Reliability initiatives and methodologies can be structured in groups that are linked to 
different phases of the life cycle.
Reliability of products is affected by different elements at different stages o f this life 
cycle, and as such it has to be approached by a comprehensive structure that deals with 
the different elements, and integrates them in a common strategy.
A reliability program needs to be approached by considering reliability as a process, 
with different inputs and outputs at different levels of the process structure.
The framework of the operation of the reliability program needs to be an information 
system that complies with the requirements of the different methodologies and 
processes that need to be carried out in an efficient and integrated manner,

By researching the area of information systems for reliability, and by testing different 
software tools developed for reliability work the following issues have been recognized.

The information system for the reliability program needs to be able to provide 
analytical capabilities and efficiency and integration features. Analytical capabilities 
support the reliability methodologies and support the user in performing analysis and 
calculations in this context. Efficiency and integration refers to the need of the system 
to integrate the different methodologies in a single structure. It also involves providing 
features that facilitate information sharing within the company, involvement of 
suppliers and customers in the reliability effort, and finally, incorporate into the 
system the latest information technology developments such as web-enabling 
capabilities, integration with other organizational information system, or automation 
of information and work flows. Knowledge building and management must also be 
supported.
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At present, most of the software tools that support reliability work are orientated 
towards analytical issues. They provide the means for performing a number of 
methodologies, such as reliability predictions and simulations or fault tree and FMEA 
analysis. However, in general, the approach is not integrated, and they are mostly tools 
focused on certain areas, rather than supporting the overall program. They do not 
provide customization tools, or the possibility of further developments.
Product Data Management systems are very complete tools for supporting engineers in 
their activities. These systems manage data and processes, and provide user-friendly 
environments where information can be accessed and retrieved in an efficient way. 
They also include features like access control, security, revision systems for 
documents or web enabling capabilities that are very suitable for building a ground 
structure to support engineering operations. Most of the PDM systems are fully 
customizable and offer integrations with CAD packages, enterprise resource planners, 
and other well-used software tools.
In the specific area of reliability, PDM systems have the great advantage of offering 
information management across the entire product life cycle, and the possibility of 
integrating suppliers and customers into the structure. For all of these reasons PDM 
systems have been selected to develop the reliability management system.

All throughout the research process, the author interacted with ThermoKing Europe that is 
the industrial partner in the Reliability and Field Data Management for Multi-component 
Products (REFIDAM) Project. This interaction and collaboration resulted in the 
development of a prototype system based on the operation of reliability engineering for 
this company. Because of the requirements of the company, a number of reliability 
initiatives were selected, and specific attention was placed on the need of providing the 
means for retrieving and analyzing field data. These data would be available for the 
company from their dealer network that operates and manages the units in their operational
life. The benefits of having access to this data was recognized, from a reliability
engineering perspective, since it would give engineers access to a very valuable source of 
information, i.e. the best testing scenario for reliability parameters, that are real life 
environmental, maintenance and operating conditions.
The benefits of operating this system are as follows;
. The reliability effort is consistent, monitored and participated to the rest of the

organization through information sharing, and using the capabilities of the information 
manager system. Knowledge is build through the documentation added to the system, 
so that it can serve as reference for further work.
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• The system also achieves integration of dealers, by opening certain information to 
them in the form of web access. This assures a dynamic and flexible link, with dealers 
being able to retrieve the latest updates on product support and maintenance.

. Retrieval and analysis of field data has proven to be highly beneficial for assessing 
reliability parameters, for determining and ranking poor reliability performance of 
parts and for establishing cost of ownership models, which can help in developing 
maintenance methodologies and marketing strategies.

. The system developed through PDM has the added advantage of having excellent 
customization tools, which allow for flexibility and support the organization in 
adapting to changing trends, processes and products.

All throughout the development of the prototype, its functionality was tested against the 
companies operations and processes. As a result o f this, constant changes were introduced, 
to improve the output. Despite of this a series of issues is still recognized, both in the 
operation of the system and the concepts behind the model.

The information management system needs to be managed. Any software, especially in 
the area of information management, is as good as the quality and accuracy of the 
information that is stores. Because of this reason, special attention is given in the system to 
provide user-friendly environments and ease of use features. The system must be seen by 
the engineers as an efficient support in their activity rather than an extra-load in their daily 
tasks. This will be possible by providing an efficient system but also by providing 
appropriate training and information on the operation of the system, and creating a 
favorable atmosphere around it.

In the specific area of field data management, great effort must be put in developing 
standard data structures, without which consistent analysis is very difficult to carry out. 
The field data analysis will depend greatly in the level of acceptance of the input and 
transfer information system from the dealers side. Training dealers in the importance of 
feeding the right information, and convincing them that this process will result in their own 
benefit is an important issue. To do this, focus must be placed in the feedback flow of 
information structure and also in developing and input tool that facilitates management of 
their own operations, through automatic unit registration, invoicing system, automatic 
order of spare parts, and general management of their workshops.

Finally because of the approach to reliability as a life cycle activity integrated in every 
aspect of the organization structure, the RFDM system should be integrated within the 
organizational information structure. It should be able to communicate with the ERP
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systems, and any other system that are in place. This tasks is usually supported by the 
PDM applications.

6.3 Future Developments

The RFDM system has a great scope of future developments. A number of issues have 
been recognized throughout the research carried out, and are listed below;
• Integration with organizational information systems, in order to operate the system 
with the same data structure and data source as the other operational systems within the 
organization.

Integration of the system with suppliers information systems as to provide immediate 
and automatic data exchange and translation. This is one of the concepts that is being 
developed and researched in the area of PDM systems. In the future modules will be 
added, that will operate between the organization and its suppliers translating information 
and data between the systems.

The software tools that are used within the RFDM system could be developed so that 
automatic data exchange is carried out. An example of this could be results from reliability 
prediction software being automatically added to certain fields in the PDM structure, or 
results from FMEA analysis being immediately updated to the failure modes manager.

Throughout the research carried out, certain areas were looked at that would improve 
greatly the support phase collaboration. Utilization of WAP technologies in accessing the 
information structure would allow for maintenance and troubleshooting being supported by 
mobile phones connections. This would be a great advantage to support these operations in 
the field, when units are not in the workshops. Another beneficial functionality would be 
the utilization of e-tag systems. These systems used microchip technology to store data on 
products or components. The chip is attached to the unit and component. Technician or 
engineers can automatically download this data by connecting their laptop to the chip 
through a special connecting probe. The information stored in the chip can include serial 
number, maintenance operations carried out or failure history of the component or unit. 
Integrating this tools to the field data support would be also valuable for maintenance and 
support operation and for management of failure and data history of products.
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Figure 6.3 shows how these integrations would be structured.
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Appendix 1: Statistical Distributions used in Reliability



The Exponential Distribution
One of the most commonly used distributions, due to its simplicity is the Exponential 
Distribution. The p d f  of the exponential distribution is mathematically defined as

In this expression, t refers to the random variable, which represents time and the Greek 
letter lambda X , represents what is commonly referred to as the parameter of the 
distribution. Depending on the value of X ,f(t) will take on different shapes. The simplicity 
of the function relies on the fact that the exponential distribution has a constant failure rate 
that is actually the parameter X . The Mean Time to Failure for the exponential

distribution is the inverse of this failure rate, i.e. —. Under this assumption, given an itemX
has lasted two years, the chances of failing in the next day is the same as an item, which 
has lasted 10 years [Hea99], The form of the exponential density function is illustrated in 
the next figure.

Most mechanical components do not show this constant failure rate behavior, however 
there are certain conditions under which the exponential distribution can be used. Most 
mechanical or electromechanical products sold for consumer use consist of series system 
from a reliability standpoint. This means that all components must function for the system 
to function. Therefore, the system has a number of different failure modes. It has been 
proven by research and testing that when this is the case, the failure distribution of the 
global system, that result of the combination of the various failure distributions at the 
component level, follows an exponential model. This is the situation where the exponential 
distribution finds its major application, and the reasons for it being very commonly used.



There is a whole statistical theory on the exponential distribution, and there are several 
methodologies that can be used to make a correct analysis o f data with this pdf. Although 
further details on this can be found in the references of the thesis, here are some of the 
concepts related to this distribution that can be very practical in reliability work.
Data Analysis. Barlett’s test

Data should be analyzed carefully both from an engineering and a statistical standpoint. 
Sometimes results that prove insignificant from a statistical standpoint may still provide 
insight from an engineering standpoint. There are some basic statistical tests that can be 
conducted to assess the validity of using the exponential distribution as a failure model.
The basic test is termed Bartlett’s test, and the test statistic is given by the following 
formula [Kkap77],

2 r
B..

M, ' 0 _ l /  '  ^

Kr )  r V /=!
1 + (r + Y)/6r

where x,  is the random variable representing time to failure, r,is the number o f failures and 

tr • Under the hypothesis of an exponential distribution, the statistic Br is chi-
i =1

square1 distributed with r-1 degrees of freedom, and a two-tailed chi-square test is in 
order. After the necessary calculations the hypothesis can be rejected or not, depending on 
the chi-square distribution values. Some examples of applications of this test can be found 
in the references of this thesis.
Testing for Abnormally Short Failure Times

In product testing, short failure times can be cause by such things as manufacturing defects 
or substandard material. Such defects result in components that are not representative of 
the population as a whole, and thus the failure can be eliminated from further analysis. 
Although the best way to judge whether or not a particular failure is representative, is an 
engineering analysis, there are some statistical test that can be applied, to supports one’s 
intuition when the engineering analysis is not possible. The mathematical expression of 
this test is given in the next formula;

F  >1 l - a , 2 , 2 r - 2  ^

Cr ~ l)x,
Y  *,■¿—¡¡=2 1

1 The Chi-square distribution is an statistical distribution, often used in hypothesis testing. Given a variable 
and a degree of freedom, the value of the chi-square distribution can be looked at in reference tables, and 
compare with an experimental value, in order to accept/reject a hypothesis.



The assumption is that xi is the short failure time. If the failure time is significantly small, 
this inequality will be truth. For easier statistical calculations the formula below is 
recommended. Further description of the application and mathematical concepts behind the 
formula can be found in the references.

F  <1 a  „2 r - 2 . 2  ^
( r - l ) X j

Testing for Abnormally Long Failure Times

The same type of reasoning as used in the previous test can be applied to determine if a 
failure time is abnormally long. Redeveloping the previous test procedure, xi represents an 
abnormally long failure time if

F <1 0,05,2,2/*-2 v

( r - l ) x ,

5>.
i'=2

where xj could be any failure time, not necessarily the first failure time.

The Normal Distribution
The Normal of Gaussian distribution is the most widely known distribution .A population 
that conforms to the normal distribution has variations, which are symmetrically disposed 
about the mean. An important reason for the wide applicability of the normal distribution is 
the fact that, when a value is subjcct to many additive sources of variation, irrespective of 
how these variations are distributed, the resulting composite distribution can be shown to 
approach the normal distribution. This is known as the central limit theorem [PO’Con92], 
It justifies the use of the normal distribution in many applications, including engineering, 
particularly quality control. The normal distribution is a close fit to most QC and some 
reliability observations, such as the sizes of machines parts and the lives of items subject to 
wear out failures, as well as to natural phenomena such as the heights of adults and 
strengths of materials.
The p d f  of the normal distribution is given by the expression shown next;

/ (  f) = - 7 = e x p  
y j l n 2

Where t, represents the normal times to failure, // the mean times to failure and sigma, the 
standard deviation of the times to failure. The integral form, i.e. F(t) cannot be evaluated in 
a closed form, and there are tables for the standard normal density function available that 
can be used to find probabilities for any normal distribution.
The reliability function for some normal random variables is shown in the next figure.



Time to Failure

Some examples of application are incandescent lamps, mechanical components at high 
alternating stress levels in the neighborhood of the proportional limit, or failure stress of 
many structural materials.

The Lognormal Distribution
A random variable is lognormally distributed if the logarithm of the random variable is 
normally distributed. The lognormal distribution is commonly used for general reliability 
analysis, cycles to failure in fatigue, material strengths and loading variables in 
probabilistic design [Relia99],
The p d f  of the lognormal distribution is given by the following expression;

f ( t )  = — 7==exP
Oty/lft

r In t -  jU ̂ 2

Some example of the applications of the lognormal distribution can be found in the 
analysis of non-linear crack growth rate, life data of bearing and the lives of some 
transistors.
Weibull Distribution
Weibull analysis is a powerful statistical technique for obtaining information about the 
failure distribution and life associated with a particular component failure mode. It is a 
very flexible tool for determining the underlying statistical distribution that best represents 
the failure history of a part. Weibull analysis is widely used throughout industry to 
determine the fatigue and yield strength of metals, in addition to the reliability and life of 
mechanical components, such as seals, pumps, rolling element bearing and turbine blades 
[Sal99],
The Weibull distribution was conceived by Professor Waloddi Weibull to describe the 
variability of the mechanical properties of materials. It is an optional two or three



parameter distribution that is highly versatile and can approximate many other statistical 
distributions.
The Weibull distribution has several features, which make it attractive to practicing 
reliability engineers, and which account for its very wide use [Dav99];

• Flexibility. It can deal with increasing, constant and reducing hazard rates.
• Mathematical simplicity
• Amenability to graphical analysis.
• Demonstrated ability to fit most lifetime data better than most of its potential 

competitors.
In its three parameter form the Weibull model is most simply described by its cumulative 
distribution function, i.e. F(t), that is shown in the equation below;

F{l) = 1 -  exp
M - S ,

The parameters of the Weibull distribution, are full of meaning. 77 is the scale parameter, 
known as the characteristic life. It is the value f  t at which there is an approximately 2/3 
probability that the component will have failed. Strictly the probability is 0.632. [5 is a 
shape parameter which is related to the behaviour of the hazard rate function.

• For ¡5  = 1 , the hazard rate is constant, that is equivalent to the exponential function.
• For /? >1, the hazard rate increases, and the larger f t  is, the more rapidly is

increasing. However it is unusual to have values greater than 4.
• F o r /? <1, the hazard rate is reducing. The smaller J3 is, the more rapidly it reduces. 

f i  must be greater than zero, and it is unusual to encounter values lower than 0.5.
The two parameters, specify which particular member of the family of functions or curves 
will describe the data. Component reliability analysis based on the Weibull model reduces 
to a process of estimation of these parameters. 8 , is the representation for this third 
parameter, and it represents the failure free life of the components.

Weibull Analysis

In its original form, the Weibull distribution was based on three parameters. The three 
parameters analysis can also be done in the same way as the two parameter analysis.
This is the process of obtaining estimates for the parameters, from observed failure data. 
There are both analytical and graphical methods available. There are also various 
commercial software packages available that perform Weibull analysis quickly and easy.



The process of analyzing data for Weibull analysis has the following steps:
• Input Data Preparation. Different types of failure data may be curve-fit using Weibull 

distributions. When the individual failure times are known and all items in a test have 
failed, this is defined as complete data. If a given test set contains both failures and 
non-failed items, which are referred to as suspensions, and the times are known, this is 
termed mixed data. Grouped failure data exist when the failure times are not known 
precisely and occur in specific intervals of time. Grouped data with failures and 
suspensions are termed grouped mixed data. Free-form data occur if  the individual 
failure times and cumulative probabilities are known [RSal99].

• Ordering Data. When the data is mixed before proceeding to the following step, the 
data must be ranked. Ranked order numbers must be calculated to account for 
suspensions in the data after it has been sorted. This is done with an iterative formula

'yusing Johnson’s method.
• Finding Median Rank Values. When the cumulative failure probabilities for the data 

are not known, median rank values are normally used because of small plotting error. 
Median ranks are 50th percentile plotting positions for the data that may be determined 
for complete or mixed data. If the failure data are grouped, failure probabilities are 
approximated from the cumulative relative frequencies of histograms at the cell mid­
points and the data are treated as fee-form.

• Curve-Fitting Weibull Distributions. Once the estimates for the cumulative 
probability are calculated through the steps above, the values are represented after 
logarithmic transformations in a special kind of graph, or graph paper. This paper 
includes the necessary transformations for converting the cumulative distribution a 
straight line. After the points are represented in this paper, different line-fitting methods 
can be used i.e. least square methods, regression in x or regression in y.

The graph layout allows, once the line is fitted to calculate in a very straightforward 
manner the parameters of the distribution. With the three parameters determined all the 
other reliability functions can be now represented.

The Weibull analysis is based on a series of algorithm and estimates that can sometimes be 
difficult to deal with, especially when large amount of data is analysed. However, as it has 
been mentioned before, there are several software packages available that allow the analyst 
to easily fit a Weibull distribution into a set of data. It is very convenient to use these 
packages, because of their simplicity and speed of calculations. Despite of this, a general

2 Further inform ation o f  this m ethod can be found in references o f  the thesis [Sal99], [K pa77].



understanding of the procedure in Weibull analysis, on the assumptions made and the 
concept involved is necessary in order to be critical with the results, and to interpret fully 
the outputs from the analysis.
Gamma Distribution
The failure density funcion for a gamma distribution is given by

fit) =
n  ) Tfy,) '

where is the shape parameter and X is the scale parameter. The cumulative frequency 
distribution, is given by;

(Xt)k exp[-A/]

The gamma failure density function has shapes that are very similar to the Weibull 
distribution and can also be used to model the time nt|, failure of a system if the underlying 
failure distribution is exponential.



Appendix 2: Probabilistic Engineering Design Methodology



The first step in the probabilistic design methodology is to perform environmental 
computations, which affect the stress and strength of the component under analysis. For the 
strength computations, consideration must be given to the properties o f the material used 
and the probability distributions of factors affecting the strength, such as surface finish and 
surface treatment. For the stress computations, the load statistics history and the probability 
distributions of factors affecting stress, such as stress concentration and temperature, must 
be considered. Based on these computations, the stress and strength distributions and their 
statistics can be obtained. The steps in the process are as follows [Car97]:
1. Establishment of a preliminary design
2. Estimation of external forces.
3. Analysis of the preliminary system, including force intensity in components expressed 
as probability density functions.
4. material selection based on mechanical and physical properties and economic 
feasibility
5. Description of strength and failure characteristic of the material, including its 
probability density function.
6. Quantitative estimates of strength and failure charachteristics of components. There are 
functions of

a. Engineering
b. Geometric considerations
c. Anticipated operational loads

7. Description of collective strength and failure characteristics.
If we consider the total design reliability program, the steps will be as summarized below 
[Kap77]:
1. Define the design problem
2. Identify the design variables and parameters involved
3. Conduct a “failure modes, effect and criticality analysis
4. Verify the significant design parameter selection
5. Formulae the relationship between the critical parameters and the failure governing 

criteria involved
6. Determine the failure governing stress function
7. Determine the failure governing stress distribution
8. Determine the failure governing strength function
9. Determine the failure governing strength distributions

Probabilistic Design Methodology



10. Calculate the reliability associated with these failure governing distributions for each 
critical failure mode

11. Iterate the design to obtain the design reliability goal
12. Optimize the design in terms of performance, cost, weight, etc.
13. Repeat optimization for each critical component
14. Calculate system reliability
15. Iterate to optimize system reliability

Strength and Stress Distributions
It is relatively easy to find references for the statistical aspects of strength. Some of the 
most common used distributions in this area, that have proven to be valid, are given in the 
table below. It is somehow more difficult to find theoretical modes for loading, or stress 
conditions, since these depend greatly on every specific situation, are they are not 
standardized. Although some references are also given in the table below, this is something 
that will depend on the designer’s team experience, and knowledge.

Topic D istribu tion
Strength Distribution
Strength of materials when assumption is that the stress of the
component is determined by the weakest point
Strength of materials when assumption is that the distribution
of strength is related to mean values
Ultimate tensile, yield and endurance strengths of steels
Strength properties of structural alloy materials
Strength of ferrous materials, different heat treatments, surface
conditions
In some cases, the probability distribution of time to failure at a 
given stress level is sometimes found to be left-skewed 
Stress Distribution (more difficult, more relying in experience) 
Rocket Motor Thrust
Gas pressure in cylinder heads of reciprocating engines 
Various conditions

Extreme Value Distribution

Normal Distribution

Normal Distribution
Log-Normal Distribution
Weibull distribution with different
parameters
Log Normal or Gamma Distribution

Normal Distribution 
Normal Distribution 
Various Dist

Safety Factors and Reliability
As shown in figure 1, the statistical distribution can be characterised by a mean and a 
standard deviation. If an event occurs in which there is an overlap between both 
distributions, failure is likely to occur.



An example of this would be a steel shaft subjected to stress. The properties of the material 
vary depending on the presence of defects, cracks, or welding areas. The stress applied on 
the shaft, can vary with different tensions on belts, different speeds of rotation or simply 
different locations for the welding position of the supporting bracket. If an extremely weak 
shaft is subjected to a very high load, the shaft can fail, even if the design safety factor 
seemed to be appropriate.
In order to make a more comprehensive analysis of the real situation, two safety factors 
may be defined, i.e. the safety margin and the loading roughness, as shown in the 
following equations. The safety margin is the relative separation of the mean values of load 
and strength, and the loading roughness is the standard deviation of the load, both relative 
to the combined standard deviation of the load and strength distributions [ACar97].

S - LSM  =
V(C>52 +OL2)

Eq. 2.1

a tLR = ,   Eq. 2.2
4(OS2 +Ol2)

These parameters allow us to analyse the way in which load and strength distribution 
interfere, so that a more accurate measure of probability of failure can be provided. In 
these conditions, the random variable y  = s - l , is related to the reliability of the 
component by

R = P(y  > 0)
When strength and stress random variables have normal density functions, y is normally 
distributed and the reliability R is given by the following equation;



1 00 - Z 1 /R =   f -  SM  exp 72 dz
' J i n

where z is the standard normal random variable and SM is the safety margin.
An example of results in applying this method is given in the next table.
Case
no

Mean
Strength

Mean
Stress

Strength Standard 
Deviation

Stress Standard 
Deviation

Conventional 
safety factor

Reliability

1 50 20 2 2.5 2.5 1.0
2 50 20 8 3 2.5 0.9997
3 50 20 10 3 2.5 0.9979
4 50 20 8 7.5 2.5 0.9965
5 50 20 12 6 2.5 0.987
6 25 10 2 2.5 2.5 0.9999994
7 25 10 1 2.5 2.5 0.999999999999996
8 50 10 20 5.0 5.0 0.9738
9 50 40 2 1.25 1.25 0.99909
10 50 10 5 5.0 5.0 1.0

The next graphs show the interference of the stress and strength distributions for case 
number 1, number 2 and number 8, and how this relates to the value o f reliability for that 
given interference.

Case 1 
Reliability: 1.0

0 10 20 30 40 50 60

Case 2 
Reliability: 0.999

o i o 2Q so *o aa an ra aa
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As in any other statistical analysis, this result can be given with a certain confidence level. 
Statistical formulas have been developed to perform this analysis to various different 
distributions of stress and strength. There is a methodology for assessing distribution of a 
designed component, as the combination of the effect of the random variables in design. 
There are reliability formulas and tabulated values for different stress-strength interference 
models, both static, and dynamic3. More information on this area can be found in the 
references of the thesis, [Kkpa77], [Acar97], In summary, probabilistic design is a realistic 
way to develop a quantitative and statistical estimate of the performance of a design before 
it leaves the drawing board. The main disadvantage of this approach is that it requires a 
good knowledge of probability and statistics, and not every design engineer has this 
knowledge. The probabilistic approach forces the designer to quantify uncertainty in the 
design variables and thus understand the inherent reliability of the design. Because this 
approach statistically quantifies design performance, it will help the designer to assess 
warranty costs, establish maintenance programs and schedule inventories [Kap77].

Case 8 
Reliability:0.9738

3 A dynamic model takes into consideration the change of reliability levels with time. Time dependant 
models are more difficult to develop and evaluate than static models.



Appendix 3: Reliability Allocation Methods



Equal Apportionment Technique
The equal apportionment technique assigns equal reliabilities to all the subsystems in order 
to achieve a specified level or reliability for the total system. The system is assumed to 
consist of n subsystems in series. The main drawback of this method is that the subsystem 
reliability goals are not assigned in accordance with the degree of difficulty associated with 
meeting them. The equation governing this model is as follows;

Ri =  1,2,..,«.

The ARINC Apportionment Technique
In the ARINC method we assume that the subsystems are in series with constant failure 
rates, that any subsystem failure causes a system failure, and that the subsystem mission 
times equal the system mission time. The apportionment technique requires the expression 
of the required reliability in terms of the failure rates. The steps from this techniques are 
summarized next.

1. Determine the subsystem failure rates (A, ) from the past data, observed or 
estimated.

2. Assign a weighting factor (&>, )to each subsystem according to the failure rates 
determined in step 1, where (cot ) is given by

3. Compute the subsystem failure rate requirements using
Al = a >i/1 / =  1,2,...,«

Therefore this method allocates the new failure rate based on relative weighting factors 
that are functions of the past failure rates of the subsystem.

The AGREE Allocation Method
The AGREE allocation method is more sophisticated than the previous methods. This 
method is based on component or subsystem complexity and explicitly considers the 
relationship between component and system failure. The AGREE formula is used to 
determine the minimum MTBF for each component required to meet the system reliability. 
It is usually applied in electronic equipment, and is based on assessing the complexity of a 
component based on the number of modules and circuitry of the component. The allocation



assumes that each module makes an equal contribution to the system success, i.e. each
module has the same failure rate. The allocated failure rate of the iti, unit is given by,

M,[- In /?,(/)]
Nay,I,

where I is the mission time, or the required system operation time
/, is the time units for which the i,i, subsystem will be required to operate
during / units of system operation 
Nj is the number of modules in the /,/, subsystem 
N  is the total number of modules in the system 
Wj is the importance factor for the /,/, subsystem 

Rs(t) is the required system reliability for operation time /.



Appendix 4: Reliability Prediction Methodology



The series configuration is probably the most commonly encountered model and, 
fortunately, is also the simplest to analyze. In a series system all subsystems must operate 
successfully if  the system is to function. The block diagram model of a series system is 
given in the next figure;

Series Systems

BLOCKO BLOCK1 BLQCK2

ETA=1 M TTF=50 MTTF=SO

If we assume the these events are independent then we have that the reliability of the 
system is given by the following equation;

Rs = n  R,
1=1

where the right hand side indicates the product of the subsystem reliabilities.
This equation constitutes what is commonly called the product rule in reliability. If one 
wants to meet a given system reliability a rapid approximation for the necessary level of 
subsystem reliability is obtained using the formula that follows;

Rx w l -  nq
where q is the probability that the subsystem will fail.
Parallel Systems
A parallel system is a system that is not considered to have failed unless all components 
have failed. The reliability block diagram for a parallel system is given in the next figure;

ETA=20



1=1

In analyzing a parallel system in this fashion it is implied that all subsystems are activated 
when the system is activated and that failure do not influence the reliability of the 
surviving subsystems. The parallel arrangement shown in the last figure is considered a 
pure parallel situation, and is usually not representative o f many parallel arrangements. In 
reality the standby4 redundant and share parallel5 arrangement are more often used, 
particularly in mechanical systems [Kap77].
Series-Parallel Design Considerations
Simple combinations of parallel and series subsystems are easily analyzed by successively 
collapsing subsystems into equivalent parallel or series components. An example would be 
the arrangement shown below;

The system reliability is given by the following equation:

M T T F=1200 M T TF=4000 M T T F=1200

Certain design configurations or complex failure modes may produce systems in which 
pure parallel or series configurations are not appropriate. The procedure to follow then, 
although not simple, is generic to all possible situations. It consists on examining all 
possible mutually exclusive modes of the system, and then since these modes are mutually 
exclusive, the probabilities can be summed. The obvious disadvantage of this method is 
that the number of failure modes increases rapidly with the number of components. This 
number of failure modes can be calculated with the following formula;

(n \
'ic=0 v

V V

4 In the standby redundant system, the standby component is not activated unless the on-line component fails.
5 In the share parallel system, the failure rate o f  surviving components increases as failure occur.



Reliability Considerations in Design
The design process dictates the system configuration and the configuration chosen 
influences the reliability level, as well as the cost of achieving this level. Thus, a 
preliminary reliability analysis as well, as the many other design factors should be 
considered during design phase. Some of the commonly used reliability trade-offs are 
given next.
The reliability of a series system can be improved by decreasing the number of series 
components, or increasing the component reliabilities. The next graph shows the effect of 
increasing component reliability;

0.6S

O S  10 15 20 25
N im b e  r o t  c o m p o te  i t

The graph shows the effects of increasing component reliability; however, the marginal 
gain in system reliability becomes smaller as component reliabilities increase. The 
deterioration of system reliability that results from increasing the number of components is 
also evident.
The paralleling of components is usually mentioned as a means to improve the system 
reliability. However, the gains are not always realizable. First of all, designing a parallel 
system for a mechanical device is usually extremely difficult. Some forms of parallel 
arrangement such as providing spare parts (a standby parallel arrangement) or using a load- 
sharing design are probably more representative of the true situation. The second problem 
with parallel arrangements is that for a given component reliability, the marginal gain due 
to the addition of parallel elements slows down rapidly. Thus the marginal gain in 
reliability by paralleling may not be as profitable as considering and improved component. 
This is shown in the next graph



Compcoert Reliability

Finally, if we have n components, and we can either provide redundant branches at 
component level or at system level, statistics show that the low-!evel redundancy gives a 
higher system reliability in all cases. However, the difference is not as pronounced if 
components have high reliabilities.
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' ' . . . . .  ....................■* ------------------- -----------------------------—

Address |Avd Gaudi

City [Barcelona ^‘P

Slâ,e I Country lSpain

Phone ¡xxxxxxxxxxxxxxxxxx

pa)! |xxnmxxxxxxKxxxxxxxx

Mobile Phone Ixmxxxxxxxxxx

Email j

Service Engineei |

~"\Deatership Gcneial/.Contacts and Details A Creation .Modification /

. D ealer contacts and details

Dealers - Pfoj-001 System Information:

B  ft:;‘ Dealers Tree Piotile Card Links | Notes
- □ E i  Dealer-0003

L.l Dealer-0 0 0 2  [Engineering Contact
□  i a S B M S B

Name perry Colgan 

Position ¡Workshop supervisor

Phons ¡[mxxxm 
Mobile xxxxxxxxxxx

Email xxxxxxxxxxxxx

Fleet Details

Number of Registered Units [ 5 7

I7
F  i-D inpettoisUfft:: Percentage CotnpetiioTî[7cT

F  RÈSabilitir, Fjpsl. Percentage |s

F  F/cH T é!îiinf|(Peccirntpfiridcfd 

Commenls

Typ®* |SL 100,200 end 300 

Percentage pf5

Good cooperation in the last year

J

 j \Dealership SeneralÀConlacts and Details/Creation .Modification /



Testing Class
• Testing Request general

Testing - Proj-001 System Infoim ation: F  [ !
t-3 esting T ree Profile Card | Links | Motes )

B Ì . .J  I s S t o M l l l
’ n  Rep - 0 0 0 0 0 1 Testing Request

Test Title |

Testing ID Req-000001

Stale NetM

Test Type | Environmental

Requester

Requested Starting Date 11  /22/2000 ,

Estimated Duration 2 months

Justification

Purpose of T est

Product Type |S L200  5 0 .

Product Range Trailer-Europe

Part Numbei

Pa it Name

M  I ►.! "^.General Info/Testing Info/Details J

Testing Report general
Testing - Pioj-001 System Infoimation:

EJ-^TeslingTiee 
è D  Req-OOQOQI 

; □  liraiii'iiiVii

iL J

Pfofite Card j Links | Notes | Viewer

Testing Report
Tesi Title

Testing ID ¡Rep-OOOOOl

state |n «w

¡Corrosion T est ol Damper Dooi Motor

-

Request Number | , * , . 9 9 9 9 9 9

jEnwonmartW 
D a , e s 0 , T e i t i n 9  ¡Jan, Feb. Mai 00

1 ]

Product Range ¡Trailer-Europe 

Product Type |SL 200 50,

Pail Name ¡Damper Door Motor

Part Number j l 060512

Comment;

z \
m

» I ~\Geneial Info/Testing Info/[Detate ̂ Compositori/



Design Class

. Environmental Analysis general
Design - Pfoi-001 System Information: HHE3

e & P w f o n  Ttee Pfolile Card | Links ] Notes ) Revision | Viewer |
El □  U  Design-000004 FEA Analysis on lempeic

Environmental AnalysisH n B S l i i l l L 1-- .J irl'iw .1 Ii.il i:Ti>:til-5l/-Vi
D  E l Design-000002 Review of TLE Remote 1 
0  £3 Design-000001 Requirements outlined fc Design Doc ID [Design-000003

Desciiptbri jEnv»oi*n«ntal Analyst; ol Electric Motor

Product Hange |Ti«iler-Eiiiope

Product Type JsL 200 50.

Assembly Component Parts j

Environmental Conditions type |i w<o;ion

Olhei I

Comments

<,l I M ~\G eneral/D etaiis7

• D esign R eview  general

Design - Proj-001 System Information: H S U
S t& p e s ig n  Tree

S  Ö  0  Design-000004 FEA Analysis on tempera 
□  E l Design-000003 Environmental Analysis c

!• o  ü  mmassmmBsam
U III Design-0 0 0 0 0 1  Requirements outlined Ic

Profile Card | Links ] Notes | Revision | Viewer |

Design Review

Design Doc ID [Design-000002

Description |Revit*w of TLE Remote Evapotatoi

Produci Range | h ailor Europe 

Produci Type |sL 200 50. 

Assembly Component Pails |104605.405861

Review Team team 

Rev Date joam /2000

Commenti

i J J  ‘ I
General/Document Details/



Design ■ Pioj-001 System Information:

Dei Kan-0 00005 Famhaft A««mbl
e i B y  Design Tree

® OE
r ]  0  Design-000004 FEA Arwlym on tempeii 

! - □  0  Desigiv000003 Environmental Analysis c 
j l ]  P  Design-000002 Review of TLE Remote I 
1 D  0  Design-000001 RenuiiemcnSs outlined 1c

Fiolïe Cad I links | Notes | Revision Vie«« |

JLl.
> M i^ N  Image 1 /  lma[| '

H E E 3

Reliability Class

• Reliability Specifications general
R eliab ility  - P io j-001  System  In to im ation:

feRel-00010 Reliability Specifications
B  fgJReliabijityTree

ffl Q — ..........
I- Hl^FIel-00006 Failure Report on Snappi 

Rel-00005 T op-Cost November 00
0  □  R el-00008
1 a - l j  Rel-00009 
i' Q  H i R el-00002 FMEA on Damper Door t- 
■r D  Rel-00003 Fault Tree analysis on el<

U M
Profile Card | Links | Notes | Revision ) Viewer |

Reliability Specifications

- □  R el-00007 
H J  Rel-00001 Description of reliability is Description

Reliability ID Rel-00010 Phase j !§0]

Revision State New d
Source I Design Analysis .."3

Specifications and Requirements for Electir Mo

Product Range 

Product Type 

Part Nurnbei 

Part Name

Frailer Europe

•iii

1040829 

(Electric Motor

Reliability Engineer jihornas McPhelin

Comments

► I ~\Genetal/Petails/ -------



Reliability Specifications viewer
Reliability - Pioj-001 System Information: H B B

kg Rel-QQQ10 Reliability Spécifications
B  ¡gO Reliability T ree 

$ □ '
is] Rel-00006 Failure Report on Snappi
Q  Rel-00005 T op-Cost November 00

$ 0  Rel-OOOOS 
1 8 - lD  R el-00009

□  StiRel-00002 FMEA on Damper Dooi !■ 
- □  ̂ SjRel-00003 Fault Tree analysis on el<
□  R el-00007

1 -G  Rel-00001 Description of reliability is

LlLJ JÜ

Profile Caid | Links | Notes | Revirón Viewer |

A u th o r

Date
P u rp o s e

Rellab tiity  Requirem ents for E lectric Moto ’
Padralg HernorJ" Po sition

12/2000 Location R&D galway

Establish the m in im um  requirements for « lia b il it y  of elnctric motoi

SI 100, SL 200, SI. 300

1040629 
Electric Motor

Product Name 
Product Number

Part Name 
Part Number

Assembly Name 
Assembly Number
Definition o f Failure: (more than one definition,please number them)

J Burned coil
2 Snapped shajl
3 Damaged Bearing

Environmental Specifications:
(Ref Document on environmental Analysis o f  electric motor) — 1

Reliability Requirements:
1 0 .1 %  o f motors
2  No Failure
3 15,000 Ham's

iL J

• Fault Tree Analysis General
R eliab ility  - P io j-001 System  Information:

| B  g ] Reliability Tree
□  H)Rel-00002FMEA
n m m m m o

Rel-00001 Descti[

Profile Card | Links | Notes ] Revision | Viewer |

Fault Tree Analysis
Reliability ID |Rel-00003
State New \m

M
c 5 ^

Description |Fault Tree analysis on electiical System

Pioducl Range 

Product Type 

Part N umbei 

Part Name
J41505v4

IPower-Packl

Reliability Engineer leaieth Bennett 

Comments

LlU ► I ~~\General/,Delails/



Fault Tree Analysis viewer
Reliability - Pioj-001 System Information:

BjgtJReliability Tree Profile Card | Links | Notes | Revision Viewer ]
□  ̂ Re l-00002FMEA

Rel-00003 Fault T
□  Rel-00001 Desciit

J j

nr--; .v 
ECtfiOA 
SUF=>LV

H-(;\ 1

i0 3«,=F.Y •j'Wócr. Gv'PF,'
"HTTTI

[Tw in

cm-'act
=Kti'yrH •IA1..KI

•J
;rt>■UVW. -»BU=

- p . w s f i ' . n r r  i r.'Lj-.i

I is..n

T

C3VST

t V S ,  t j , ,
| ;• Il w y II -I II m

JIE5E. r-.L.FE
IA .XI

LiV " J" N
I XCh ■1

H K E l

»

± n

Life T im e D istribution  general

Profile Card | Links ) Notes | Revision [ Viewer )

Life T im e Distributions

Distribution ID |Rel-000005 

Revision

PhasejPioioiype

1 3

Description j Analysis of field failures on belts 

Comments I

Analysis on... Product Type

Product Range [ìTa feTOsÀ-  

Part/Ccmponent/Assembty (Component 3 ,

Failure Mode Analysed pjj]

Analysis by...

Reliability Engineer ]Gareth Bennett 

Analysis Results

Distribution Used fw abull ~ 3
Summaty of Results p  10 We= ' 0.000 touts 

,1 Bedew oMpected

~\^eneial/poc~D el afe/



Service Class
. Service Bulleting general

S ervice - Proj-001 System Information

SB-00001

I - M U
Service Tree

[M
î-IH *j£]CA-000001

Profile Card ju n k s | Notes | Revision] Viewer]

Service Bulletin
Bulletin ID ¡SB-00001

State New d
Bulletin Title Refrigerant Recover

Description 1 _______

Product Range T ruck

Product Type |SL 200 30,

Type of Bulletin 

Number of Pages 

Comments

Environmental 

Date
:

li'i;

Jk

_
G e n e r a l ' ■ > V . .

Documents Class
. Letters and Faxes general

Documentation - Documentation Templates: H Ü Ü S 3 ]

[~ documentation T ree P.ofile Card | Links | Notes | Revision) Viewei |

L e t t e r s  a n d  F a x e s
D-4P

Letto/Fsx 10 |Letlef/Fax-0000 Phe;e Ip.otoiypo

Rev«!«, | ' S;* a |"' Z l
,----- ---------— ------------ , .... . —--— i

Oesc.ipl.on of Content! |Update on on.going pr0|ect

Comments

F,om |SimonDod Dele Sent |04/04/2000 ,

|G<nelh Bennels Date Received ]lV14/2DIXJ

Pioduct Range 1 

Product Type 1

j U  ± J ""V-eHei/Fax Details/Doc Details/



• Reference Material

P I

Documents - Pioj-(H)1 System Information;

Documents Tree 
S  P  O jFddai 00003

SI □  ffi Ref-000008 Guideline and issues for supplier evaluations 
O  pjjRei-000007 Guideline to Product Qualification 

0  □  ¿jjFolder 00002 Information on Life time Distributions 
ffl ! J  f t  Ref-0000111ntroduction to Weibull Analysis 

EJLl JF o ld e i 00001 Information on FMEA Analysis 
® 'D  ffilRel-000002 FMEA Analysis Generic

; ProfÆfcàid|| Links | Notes | Viewer |

Reference Material

Ref-000003 FMEA Analysis in Design Activity 
Ref-000009 Introduction to FMEA Analysis 

Ref-000010 Introduction to FTAAnalysis
RefGOOQOb Reliability Requirements Document Template
Ref-000005 Reliability Goal Setting 
Ref-000004 Establishing Reliability Requnenvsrrts

Reference ID 

State

Description

Material Source 

Number of Pages 

Year of publication

|Rsf'00000e
:|N«w
iRcfcmil-ty Floquiii/frcntî t>oc imiorit 7 emplate

IT empire:

Comments

‘

i l l  J > | "AGeneial/.Delails /

Users Class
• Users general

Profile Card | Links | Notes |

Users
First Name 

Last Name
| Gareth

Bennet
Title |Reliability Engineer

Divisiof1 jR&O Department

User L°9in I Reliability Eng

Phone

E-mail |>CxXxXxXxX@X>C>0<XxX>0<


