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SUMMARYAND CONCLUSIONS 

While designing a product, one has the choice of either to 
design out maintenance or from a maintenance point of view to 
design for maintenance. Often when using the “design out 
maintenance” approach, which is greatly influenced by 
reliability characteristics, the costs turn out to be either very 
high, or it is impossible due to technological limitations of the 
product and related issues. Products therefore need to be 
designed for easy and cost effective maintenance. While 
adopting the “design for maintenance” approach one again has 
to consider reliability characteristics in conjunction with 
maintainability issues to balance the costs and benefits. Thus, 
the need to evaluate reliability and maintainability (R&M) issues 
in the design phase of a product is becoming critical for market 
competitiveness. 

In this paper, the application of reliability, maintainability 
and risk analysis tools and methods to minimize life cycle cost 
of the system and to improve product attractiveness, will be 
discussed. The incorporation of R&M issues in the design phase 
will be examined and analyzed. 

Furthermore, many product failures can be traced back to 
design engineers’ inability to foresee problems that occur later in 
product life. The necessity of engineering training for integration 
of R&M considerations in the design phase, and for approaches 
for making provisions to incorporate new information 
technologies to facilitate easy leaming and understanding will be 
discussed. The paper will also address the use of information 
technology for making R&M information, tools, and methods 
readily available to the designer at the working desk in order to 
ease the task of making R&M decisions. 

I INTRODUCTION & BACKGROUND 

I .  I The Custcmer ’s Needs, Requirements and Preferences 

Product quality is more than just conformance to customer 
requirements. The customer chooses the product that offers the 
best value per unit of price. It is, therefore, important to identify 
customer values to be able to improve shortfalls in product 
performance and to quantify the shortfalls. The customer values 
of a product can be divided into product performance, product 
service and product durability (Ref. 1). 

System engineering approach is an effective approach to 
incorporate customer’s specification. It is a top-down approach 

to product development, viewiing the system as a whole, 
focusing on customer’s needls, wants, preferences, and 
requirements - starting with the filnctional requirements and the 
hc t iona l  performance of the product. The needs and 
requirements of the customer are translated into system 
requirements, which are used to define the requirements for 
subsystems and components. At the end the component, sub 
system and system are designed (Refs. 2 & 3). 

1.2 The Design Process and LCC Analysis 

The designer’s goal is a product that will achieve the 
expected performance level satisfying the customers while 
limiting the impact on manufactwing cost to an acceptable level. 
Often for a given design, the cost of manufacturing increases as 
the reliability and maintainability characteristics are improved, 
which, in turn, improve the pr0c:luct performance. The serious 
consideration of reliability, av;i.ilability, maintainability and 
supportability (RAMS) characteristics of the products make a 
significant positive contribution ti:) the achievement of economic 
life cycle costs (LCC), and lhelps in increasing product 
performance and its attractiveness,. To achieve the best economic 
life cycle costs, often an LCC analysis, including analysis of 
reliability and maintainability characteristics, is performed in the 
early design stages of the product life cycle. The LCC analysis is 
an engineering and economical optimization technique where 
the main goal is to identify anld choose the alternative that 
generates the highest revenue over lifetime, or in other words, 
generates the lower life cycle cost. LCC can be used in the 
design process to evaluate the product cost over the total life 
span. To obtain better results, LCC analysis should be combined 
with risk analysis. An LCC analysis that does not include risk 
analysis can be incomplete at besi and misleading at worst (Ref. 
4). 

The product life time can be lriivided into 5 distinct phases: 
the need analysis & specification phase, the conceptual design & 
preliminary design phase, the cletail design & development 
phase, the construction, production, installation & 
commissioning phase, and finally the system use, support, phase 
out, decommissioning & disposal1 phase as shown in Figure 1. 
The initial design iteration starts with customer specifications 
and a need analysis that is converted into design specifications. 
From the design specifications, an iterative process starts in 
which one tries to come up with several design alternatives or 
concepts, out of which one alterni3tive should be selected. If the 
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chosen design klfills the need and specifications, the next 
phases are preliminary design and then final design. In the 
conceptual design phase much of technology, configuration, 
performance and cost start to become committed - not much is 
committed in the need evaluation definition phase of a the 
design process. The ease of change of a design decreases rapidly 
as the design progresses in time. The system specific knowledge 
is low in the conceptual phase, but increases quickly as the 
design progresses in time. Incurred cost also is low in the 
beginning of the life cycle, but increases rapidly in the detail 
design and manufacturing phases. 

LCC commitment to technology, configuration, 

cost incurred 
System specific 

fe-- Acquisition -* lTtili7ation y 
Life cycle phases: A Specification of  need, B: Conceptual and preliminary 

design, C: Detail design and development, D: Commissioning, production andor 
construction, E: Installation, product (system) use, support, phaseout, and 
disposal 

Figure 1. LCC committed, cost incurred, knowledge, and ease of change 
for various life cycle phases (adapted ffom Ref. 5). 

Figure 1 also indicates that the earlier in the project 
maintainability and reliability is considered, the easier it is to 
change things because little is committed in terms of cost, 
technology, configuration and performance. 

The life cycle span and related cost of a product can be 
illustrated as shown in Figure 2. The area depicted with a thick 
line, describe pre-exploitation costs and accumulated post- 
construction costs. If maintenance issues are being considered in 
the early phases of the product life cycle, the common belief is 
that the investment cost and the lead-time will increase, and the 
accumulated exploitation costs may be reduced at the same time 
as the product gain a longer life span. In general, inclusion of 
maintenance and reliability considerations in the design stages 
might not cause an increase in investment cost and lead-time, 
but rather a decrease, as shown in the figure by the dotted line 
(Ref 6). If the maintainability and reliability issues are 
addressed early in the project, there will be fewer design 
iterations and design changes in the detail design stages, simply 
because issues are more thought through than they would be if 
not addressed. The costs and associated work needed to 
eliminate design flaws will be lower the earlier they are 
detected. In the car industry the rule of ten is used - the cost 
consequence of design changes caused by too low reliability 

performance increases tenfold by the end of each life cycle 
phase (Ref 7). 

Furthermore, the causes for maintenance and operation costs 
need to be studied in the initial phase of a project. By studying 
the operational and the environmental characteristics, wear, tear, 
and degradation causes - cost drivers might be identified, 
studied, and evaluated. Corrective measures can be taken to 
avoid the induced maintenance costs by changing the design, 
choosing better material, removing rotating parts, choosing 
another design alternative, etc. 

Cost 
Extra investment cost 

’.............. 
Need 
Concept, 
Engineering, i 
Construction, : 
Manufacturing, : 
Commissioning : 

Lj time 

Exploitation 

Figure2. LCC with and without detail R&M considerations in design 
(adapted ffom Ref. 6 )  

As mentioned earlier, the designer’s goal is a product that 
will achieve an in-service reliability and maintainability level 
satisfying the customers while limiting the manufacturing costs 
to an acceptable level. Often for a given design, cost of 
manufacturing increases as reliability and maintainability 
characteristics are improved (Ref 8). Thus to achieve the most 
economic life cycle cost, one has to analyze the R&M 
characteristics at the design stage and choose the best alternative 
that reduces the total costs. If one analyses the costs elements 
after acquiring of a system, one finds that the costs of 
maintaining a system are considerable. The specified customer’s 
need at the most economic life cycle cost can be assured through 
an effective and efficient use of R&M tools and methods in 
combination with risk analysis methods. In this paper, we will 
be discussing the application of such tools in the design phase to 
improve the performance of the product and reduce the life cycle 
costs. Effective use of such tools is also expected to increase the 
product attractiveness to the customer. 

2 SOME OF THE RAMS TOOLS, METHODSAND 
CONCEPTS 

Definition of failure acceptable performance level should be 
decided early in the design process. By mapping degradation 
mechanisms, work environment, common operational failure, 
and human errors, the design can be improved to increase 
maintenance characteristics affecting cost at a later stage in the 
life cycle. For new products, data and information may be 
missing or unavailable, but one still may be able to predict 
reliability and maintainability characteristics by comparing with 
similar systems, using experts and experience, and by using 
reliability and maintenance tools to analyze the system. The 
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failure rate is very dependent on the quality of material used, 
manufacturing quality, maintenance philosophy, operational 
characteristics and profile, operator/maintenance personnel 
training, etc. The system may also be modified many times 
during its life cycle, which may affect the failure rate a great 
deal. RAMS analysis methods based on assumptions of various 
types of failure rates and mean times to repair and failure, 
should be employed with care because sometimes the 
assumptions may not be valid for the product analyzed. 

Furthermore, one has to be clear about what the difference is 
between maintenance and maintainability. Maintenance is the 
act of repairing or servicing equipment, while maintainability is 
a design parameter intended to minimize repair time (Ref. 9). 
Maintainability refers, in other words, to the measures taken 
during development, design and installation of a manufactured 
product that reduce the required maintenance, man-hours, tools, 
logistics costs, skill level, facilities, and ensure that the product 
meets the requirements for its intended use. Maintainability 
characteristics are considerably influenced by the level of 
reliability and availability to be achieved within a budget. 
Reliability can be defined as the probability that the equipment 
can perform continuously, without failure for a specific period 
when operated under stated conditions. 

2. I MUS Tools and Methods 

Extensive literature exists which describes the philosophy 
behind design for maintainability and reliability, and many of 
the publications include various tools and methods for R&M 
analysis (see e.g. Refs. 2,8,9,  10, 1 1 ,  12, 13, 14, 15, 16 & 17). 

Many of these tools and methods, for example, FMEA 
(Failure Mode and Effects Analysis), FMECA (Failure Mode, 
Effects and Criticality Analysis), FTA (Fault Tree Analysis), 
Failure Block Diagram Analysis, CCA (Cause Consequence 
Analysis), HAZOP (Hazardous Operability Analysis), used in 
RAMS analysis originate fiom the military, power plant, aircraft 
and space industry. By selecting the systems, which are critical 
with respect to R&M issues such as availability, maintenance, 
operation, production, and life cycle costs can be optimized. The 
methods can be made more effective and less time consuming 
by using computerized programs and trained personnel to 
conduct the analysis (Refs. 2, 17). 

Reliability models are used throughout the design process to 
evaluate various design alternatives, and to help to visualize the 
system reliability. The analysis attempts to model the system 
and system fitnctions using a block diagram. Individual 
quantitative measures can be assigned for each block to assess 
the system reliability quantitatively and to evaluate if the 
reliability objectives meet the overall system reliability. The 
method is time consuming, and can require much data input. 
However, using experts, experience, and comparing with similar 
systems/ components, the method can be used effectively to 
compare alternatives. Later on, as more data becomes available, 
the model can be improved (Refs. 2,8, 10, 11, 12, 14 & 15). 

The FMEA (and FMECA) method is simple to conduct and 
is effective, but the method can he very time consuming and is 
therefore used mostly for critical equipment. However, the 
method can be used effectively i n  the design evaluation if the 
study begins with the principal fhilure mode instead of on the 
most detailed level. By using engineering experience ,and 
FMEA, the most critical failure modes are identified, ranked, 
and required actions can be evaluated. The criticality is a 
function of the failure mode and the probability (Refs. 2, 8, 9, 
10, 11, 12, 13, 14 & 15). 

The Failure Mode and Maintenance Analysis (FMMA) is a 
method suggested for identifying areas of the design that should 
be especially considered where principal failure modes and 
repair actions are first identified and analyzed fiom a 
maintenance point of view. Suitable actions are thereafter taken 
to arrive at the best solutions. Fkventive maintenance strategies 
such as condition monitoring or routine maintenance should be 
evaluated, even for later implementation if proven too costly at 
present (Ref. 1 1). If later implementation is an option, the 
product should be designed for preventive actions, e.g. by 
considering placement of sensors to measure bearing vibrations, 
temperature, pressure, flow rate, test point of for oil sampling, 
etc. 

The fault tree analysis (FTA) is the most common analysis 
technique used in reliability and risk analyses. A fault tree is a 
logic diagram showing the connaction between system failures 
(i.e. unwanted events in the system), subsystems, and 
components failures. Based on an initial event or failure mode, 
one attempts to identify the consequence of the event. The 
method is deductive and can be used in the early design stages to - 
gain insight into critical aspect alf various design alternatives if 
the data required to conduct an FI'VIECA analysis is not available 
(Refs. 2,9, 10, 11, 12, 14 & 15). 

The hazard and operability (H AZOP) method is a systematic 
approach for identifying potential system weaknesses and 
dangers with respect to health, safety, and environment (HSE). 
Used in a multidisciplinary team setting, the method can be very 
effective. The team uses keywcirds in an attempt to identify 
scenarios that can result in dangerous situations or cause 
operational problems. The results should be documented and 
include a description of the situation, cause, consequence, and 
recommendations (Refs. 14 & 1511. 

The cause consequence analysis (CCA) is a general method 
that can be applied to a wide range of technical systems. CCA 
contains the event tree analysis method (ETA) as a special case. 
CCA combines cause analysis ([described by fault trees) and 
consequence analysis and is b t h  an inductive and deductive 
method. The starting point is IM initiating event such as a 
technical failure or a human error, which brings the system out 
of equilibrium. The purpose of the analysis is to identify chains 
of events that can result in consequences of various kinds. If the 
probabilities of the events are h,own, the system reliability and 
risk can be calculated (Refs. 14 &: 15). 
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There are methods that are used for systems and components 
that are dependent on physical factors such as: high voltage, 
temperature, strength, shocks, etc. Various stress-strength 
models are described in numerous references, (see e.g. Refs. 2, 
11 & 17). These methods often involve advanced statistics and 
mathematics, and experts are usually needed to do the analysis. 
The methods are therefore only used for parts of larger systems 
that are critical to the product. Thompson suggests a method for 
finding the most reliable solution based on equal strength 
principle (Ref. 11). 

2.2 Risk Analysis Methods 

Risk analysis in general consists of answers to the following 
questions. What can go wrong that could lead to system failure? 
How likely is this to happen? If it happens, what are the 
consequences? Risk also expresses the danger that an unwanted 
event represents for humans, environment, and economical 
values. The risk of an unwanted event is often expressed by the 
event consequences and their respective probabilities for 
occurring (Ref. 14). Often the probability of detecting the 
occurrence of the unwanted event is also included in the risk 
analysis assessment. There is a strong correlation between cost, 
risk, and benefit; normally one can not reduce one of them 
without affecting the other two. A risk analysis based design 
approach provides insight into maintenance need from the 
perception stage to the disposal. 

Risk analysis normally consists of the following steps: 
Identification of the undesirable event - failure mode 
and event analysis (FMEAFMECA) can be used as an 
effective analysis tool. 
Identification of causes and likelihood of an event - for 
this step, often fault tree analysis (FTA) is applied as an 
analysis tool. 
Consequence analysis for identifylng the consequence of 
the event and quantieng risk - for this step, cause 
consequence analysis (CCA) or event tree analysis 
(ETA) is employed as an analysis tool. 

0 

3 ' THE APPLICATIONS OF RQMS TOOLS AND RISK 
ANALYSIS 

As mentioned earlier, LCC of systems and products is greatly 
influenced by the maintenance cost. While analyzing the reason 
for maintenance, (un)reSabiSty of the products and the human 
error repeatedly are proven dominant causes. In the following, 
our discussion will be centered on the application of RAMS 
tools for improving the product LCC &om a maintenance point 
of view. 

Definition of failure and acceptable performance level should 
be decided early in the design process. By mapping degradation 

mechanisms, work environment, common operational failures, 
and human errors, the design can be improved to increase 
maintenance characteristic affecting cost at a later stage in the 
life cycle. Once the failure development process is identified in a 
product or a system, attempts are made either to eliminate the 
failure, i.e. design out maintenance, or to make it easy to repair 
as and when failure takes place, i.e. design for maintenance. 

3.1 Design Out Maintenance and Design For Maintenance 

When considering maintenance in design, one generally has 
two options: either one can try to design out maintenance 
(Figure 3) or one can try to optimize the design with respect to 
maintenance issues (Figure 4) (Ref. 18). After having identified 
maintenance characteristics one has the possibility to try to 
eliminate those characteristics that would cause maintenance 
costs. However, if maintenance is to be designed out, one has to 

Design out 
or elimination of 
maintenance 

Trade CJ 
1 Analysis I 

Reliability 
cost 
State of art 
Other considerations: 

Design alternatives 
Capacity 
Customer willingness to pay 
Payback of development cost 

I I t  I 
consider the cost of reliability throughout the product's life 
cycle. 

Figure 3. Design out maintenance. 

One also has to consider the state of the art of technology - 
lack of available technology might not allow the elimination of 
maintenance, or it might.be too costly. There are also other 
considerations such as product capacity, design alternatives, and 
payback of development cost, etc, to evaluate. There will always 
be a trade-off between these considerations. LCC analysis might 
be used to compare design alternatives. The LCC analysis 
results have to be balanced against market need, customer 
willingness to pay, customer preferences, etc. In designing out 
maintenance, one has to use the RAMS tools like FMECA, 
FTA, and risk analysis to arrive at the best LCC altemative. If 
the life cycle cost of design out maintenance is higher compared 
to the alternative design for maintenance then one naturally 
prefers the latter. 

The objectives of maintainability analysis is to reduce 
product maintenance time and cost, and to determine labor and 
other related costs by using maintainability data to estimate item 
availability. The result should be reduced downtime, more 
efficient restoration of the product to operating condition, and a 
maximization of operational readiness. If the reliability is too 
low, maintainability issues such as accessibility to parts that 
need to be maintained, serviceability and interchangeability of 
parts and systems, have to be considered. Warranty and life span 
is also an issue to be evaluated. Who will be responsible for 
maintaining the product? Is it the customer or the manufacturer? 
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Warranty 
Quantity 1 Etc. 1 

3 3  
neeivn for Mmintenmnre 1 

Reliability 
Time 

State of Art 

[Optimize] 

Analysis 

I 

Easy accessibility 
Easy serviceability 
Easy interchangeability 

Often it is not possible to design out maintenance because of 
lack of technology, and one end up trying to balance reliability, 
cost, and availability. Other ways to reduce the hture 
maintenance need is to reduce capacity, to substitute/ eliminate 
the weak functions, or to replace weak components by ones that 
are more robust. If we allow the systdcomponent to fail due to 
various limitations then we need to have provision for easy 
quick repair/ replacement. Thus, when designing for 
maintenance, one will fust have to examine the reliability 
characteristics, and thereafter decide the maintainability 
characteristics. Both R&M are traded off to meet the design 
requirement. LCC analysis, in combination with risk analysis 
methods, could be a viable tool for evaluating these issues (Refs. 
2 & 5). Some of the guiding principles in design for 
maintenance are simplicity and elegance, minimum number of 
parts, modular construction, easy accessibility, sensibly sized 
components, ease of adjustments, minimum number of moving 
parts, use of known technology, human error considerations, etc 
(Ref. 11). 

The system requirements can be divided into mandatory and 
preference. Mandatory requirements are the ones that must be 
used to perform the intended function. These requirements 
cannot be traded off. Preferential requirements are requirements 
that would make the customer happier (Ref. 19). These are 
requirements that can be traded off to improve costs, but, by 
trading them off, it may make the product less attractive and 
competitive. Design for human factors, modifications, and 
diagnosability are some of the factors that can be considered as 
preference requirements, which can be traded off, but, which 
also may attract customers, and make the product more 
competitive with respect to life cycle costs. 

3.2 Design for Diagnosability 

As products become more complex, failures and faults 
&come harder and more time consuming to diagnose. The 
designer’s goal with respect to design for diagnosability is to 
make the process of determining the parameter(s) that are not at 

the designated state easy. Once the parameter(s) not at the 
intended state are isolated, a repair action can take place to 
return the parameter to the design state (Ref 20). Automated 
sensor based diagnostics systems have been the focus in work 
conducted towards diagnostics in mechanical systems (Ref. 20). 
Today, advances in sensory equipment and tools such as 
vibration analysis, oil sample analysis, thermal imaging, can 
help in predicting system performance. Advances in Computer 
Maintenance Management Systems (CMMS) also have made 
tracking, storing, and using maint,enance data easier. By using 
built in test equipment, the diagnosability of systems is 
increased by using sensors to obtain information about the 
system. Advances in sensors and sensory equipment, 
information technology, and comimunication technology today 
make it possible to have two way communication between the 
computer and sensor. Remote dia/postics and maintenance are 
possible by using advanced communication technology to 
transmit the data fiom equipment to appropriate information 
systems (often databases). Mainten~ance, operations, and support 
can then be planned at service centers based on updated data and 
need without testing the equipmait. The data can also be used 
for improving later designs. 

The use of wireless application protocol (WAP) for 
communication between for examlple personal digital assistants 
(PDA) and CMMS systems has opened up new avenues for 
development in the field of online conditioning monitoring. The 
interface enables the user to entar data at the product site and 
transfer it to the CMMS system. This technology could improve 
the speed of ordering spare parts ,and repair actions, enable the 
user to work with key issues at site, and to save time. It also 
means that it should be possible to sit at your desk using your 
CMMS system to collect, store arid to analyze information and 
data fiom sensors located on equipment far away. These data 
can then be used to predict the performance of the equipment 
and to diagnose failures much faster and more reliable. By using 
the technology, the manufacturer and operator can follow the 
performance of the equipment f i m  far away and provide the 
best maintenance for the product. ‘Ihe decision for incorporating 
diagnostic systems is decided by using either RAMS tools (to 
determine the criticality of the component and the function to be 
performed) or risk analysis. The implications are that it can 
change the maintenance strategies in ways that have never 
before been possible. 

3.3 Design for Modijications 

Design activity relates either to design of new products or 
modifications of existing products. Reasons for modifying 
products, processes, or systems, includes inefficiency in 
operations, advances in technology, changed specifications 
demand, or wear and tear. Both design activities, however, 
create an opportunity to improve performance effectiveness in a 
life cycle perspective. Many systems are performing 
ineffectively today due to technological advances. It, therefore, 
is necessary to consider this issue in design. Is the life span of 
the product of such length that the product will be outdated 
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before its designed life span is reached? If this is the case, a 
shorter life span should be considered to reduce cost. An 
alternative is to design the product for upgradeability, i.e. 
flexibility toward technical improvements, or adaptation to 
changing operational requirements. RAMS tools in combination 
with risk analysis methods can help arrive at the correct decision 
conceming this issue. 

3.4 Design for Manqacturing 

Design for manufacturing is another issue that needs to be 
addressed at an early design stage. The choice of manufacturing 
method often affects the life cycle cost of a product. If the 
design is not suitable for existing manufacturing technology, it 
may increase the costs of maintenance considerably. For 
example, if in a particular case a welded joint is critical to the 
strength of the component, it is important that the welder or 
welding robot is able to access the welding spot in a correct way 
to produce a high quality welding. If not, the result may be a 
poor quality weld that could fail under load. Choice of design 
alternative from manufacturing point of view can be selected by 
using RAMS tools and risk analysis. 

3.5 Ergonomical Consideration in Design: “The Human 
Factors ” 

Many failures occur due to human errors in operation and 
maintenance. Research also shows that also many accidents and 
problems are related to lack of personnel training, improper 
operation, operator failure to follow instructions, incorrectly 
conducted maintenance and start-up of systems after 
maintenance, or after system stoppage (Refs. 2,9,  10, 14, 16 & 
17). These failures can be traced back to the design engineer’s 
failure to foresee the product in operation and under 
maintenance. The maintenance and operation instructions should 
be clear, concise, correct, and complete to ensure proper 
understanding and utilization. The product also needs to be 
designed for ergonomics. A product designed with respect to 
ergonomical considerations will enhance customer satisfaction, 
market attractiveness, and the value for customers. Effective use 
of maintainability index developed by various organizations can 
be useful in improving and incorporating ergonomical 
considerations in design. The Bretby Maintainability Index 
(BMI) method, for example, is very useful for incorporating 
ergonomical considerations in design for mining equipment / 
systems. The BMI method is suggested to be used in conjunction 
with design guidelines as a method for applying ergonomic 
principles for reducing cost and accidents in maintenance 
operations. By using the BMI method, aspects of a maintenance 
task or activity that are demanding andor time consuming, or 
likely to result in errors or safety implications, are highlighted 
(Ref. 21) 

3.6 Engineering Training 

The experience and training of the design team members and 
their ability to be innovative and creative is becoming 

increasingly important. If, for example, the team members are 
trained in application of RAMS tools in design phase, the lead- 
time will be reduced since R8zM evaluations should be 
conducted more efficiently. This also will lead to fewer design 
iterations in the detail design. With advanced computer 
modeling, virtual prototyping, and by simulations, complex 
designs can be tested with respect to ergonomics, 
manufacturability, maintainability, safety, and style (Ref. 22). It 
is believed that internet and intranets can be used successfully in 
the design process, both to ease the task of training personnel 
and to shorten the time and cost of training by using interactive 
training programs on the web. By training employees in RAMS 
tools, methods and design, as well as making design tools 
available at their working desk, design cost and time can be 
considerably shortened. 

4 CONCLUDEVG REMRKS 

Based on the discussions in this paper it can be concluded 
that application of RAMS tools in combination with risk 
analysis methods in the design stage, can considerably reduce 
the LCC and improve the product attractiveness. Some of the 
RAMS tools and methods can be employed without detailed 
knowledge of the system being analyzed. However, many of 
them require specific input data and detailed knowledge, which 
may not be available in the early phases of a design life cycle. 
However, by using trained personnel, available experience, 
experts, and by comparing with similar systems, the tools and 
method may still contribute to increasing the reliability and 
maintainability of systems and reducing the system life cycle 
costs. 
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