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Design Reliability Engineering and Its Application As
Design Integration Tools
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1. Introduction

Our products or processes which are able to deliver the customer-demanded
performance in the short-term as well as the long-term, sustained performance are
necessity to our cumrent world-wide competeting market. Reliability is a critical
characteristic which measures sustained product-process performance. Also, maintainability
measures sustained product-process support. Reliability and maintainability characteristic
must be defined, designed, and manufactured into each product that we deliver to our
customer (Kolarik).

The reliability and maintainability of product or process is strongly influenced by
decisions made during the design process. Reliability and maintainability needs and
expectations that inherent in customer demaneds must be translated into long-term
sustained performance as eatlier as possible during design process. It is essential that
systematic design disciplines are used which minimize the possibility of failure and which
allow design deficiencies to be detected and corrected as early as possible. The design
must also take account of all possible factors that can affect reliability and maintainability
such as manufacturing conversion process, operating condition and exposed environment,
maintenance and failures not caused by load. Though a life testing is often needed for
establishing that a product or process meets the reliability and matainability goals,
invariably life testings are an enormously expensive way of measuring the effectiveness of
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a design idea in improving the product/process reliability and maintainability. The following
questions would be constantly answered by reliability engineers under the banner of
reliability improvement or design for reliability: How to develope a reliable system in a
short time and make the system cost less ? How to cut down the high cost and long time
presently needed for reliability and matainability measurement ? Do we still have high
.confidence in the measurement data?

The starting point of designing reliable products or manufacturing processes in such
cases involves:

1) Using the institutional knowledge base about the scientific principles and

engineering experience
2) Generating new engineering knowledge.

Efficient, error-free implementation of the institutional knowledge base can be
achieved throgh the use of modeling, check lists, databases, and computer expert systems.

The point to address at this point for design-in reliability and maintainability into
products or processes are: 1. We have many available techniques to apply. 2. It is
necessary to assemble all the available resources systematically in order to achieve very
reliable design-in process at the beginning of development process both in qualitatively and
quantitavely. 3. Design reliability engineering along with Goal-tree technique has practical
advantages over the ftraditional method. The key to such successful system design,
development, and implemenation lies in treating all of the system and support system
design consideration in the context of their contributions to overall system performance
throughout its intended life cycle, as functions of qualitive and quantive measures in the
early process of its process. These considerations include the user-defined performance
requirements, planned usage conditions, and how the system will be operated and
supported. Figure 1 illustrates the interactions among the system reliability, maintainability,
and support system design characteristics which must be considered during the system
design engineerihg and development process to achieve the required system-level
performance levels. System level requirements are developed by the users and form basis
for system design activities (RMS Guide book).

During hardware design process, the issues with which we would be confronted are:
1) Will hardware meet all mission functional requirements (capabilities)? 2) Is the
probability of mission success predictable and is it acceptable? Issue 1) is usually routinely
resolved and satisfied by the methodologies of current reliability engineering, but issue 2)
is often resolved post design, ie., afterwards design completed and is not always an
integration part of system hardware optimization. This post design weakness is the one
which requires our attention.

In order to overcome this weakness, Design reliability engineering can integrate
design process, reliability analysis techniques, and expert systems to achieve very reliable,
minimum-cost hardware. As a analysis tool, GTA technique provides practioners a means
to start with.

The purpose of this paper describes the design reliability engineering approach that is
considered to be helpful in reliability improvement efforts and discuss the GTA techniques
and procedures as an implementation vehicle for design reliability engineering.
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2. The Design Reliability Engineering Approach

To meet the challenge of cost effective design, improved techniques will be required
to achieve the high reliability and maintainability requirements. The frame work of a
design process exist that can be build on integrating the best features of design, reliability
and maintainability engineering and analysis, and expert systems. A key element in the
approach is the systematic development of the methodology and incorporating standard
building blocks into computerized models. The steps to perform the design reliability
approach are evolving and will require experience to achieve the desired goals. Figure 2
shows the steps necessary to the design reliability engineering process. Those steps are as
follows:

1) Start with a clear and unambiguous definition of the mission objectives and

constraints.

2) Derive the necessary individual hardware functional objectives directly from the
mission objectives and constraints, to ensure complete integration of all aspects of
the design.

3) Identify the performance of each functional system element on the basis of
quantitive estimates of their relative importance.

4) Develop conceptual designs for the functional elements.

5) Develop component behavior models and include an evaluation of the uncertainties
within models. The models needed to include validation measures based on both
analytical and test data.

6) Use modeling uncertainties and uncertainties associated with materials, fabrication,
assembly, and other variables to design individual components.

7) Perform sensitivity analysis to identify the key variables in the design and to use
them as a basis for testing and validation programs.

For the first three blocks illustrated in figure 2, figures 3 and 4 illustrate the design
reliability engineering process. The first step is a clear, concise statement of the mission
objectives. The example uses a space nuclear power plant that must operate unattended for
many years with a high probability of providing rated power at the end of mission. From
the mission requirements, functional requirements are derived. Only one path is followed in
the illustration. This continued in figure 4 where on finally reaches the level of functional
element requirements. The transition to hardware and conceptual design can be now begin.
The process is systematic and requires much tedious detailed analysis. However, it forces
one to think of all aspects of the design before plunging into design decisons.

3. Design Integration Tools

GTA is utilized to identify success paths, or success trees, that lead to the fulfillment
of a specific reliability goal. It focusses not on a specific fault event, but rather on a
specific system goal or objective. It guides to the construction of a logic diagram of all
conceivable event sequences (incluing both physical and human) which could lead to the
achievement of the goal event. The Goal-tree means a graphical representation of various
combinations of goals, subgoals, equipment, or systemn sucesses that rulst in the success of
the top event (Roush et al). Coal-tree is develped with aid of Boolean logic operator.
Those are AND, OR or other gate logic structure to show the relationships of subgoals
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that produce the main goals. The goal tree is developed backward until the system goal is
achieved in terms of the systems components. A Goal-tree is developed using the steps
below:

1) Identify the system goal at top of the tree.

2) Identify the subsystem successes path that could lead to the top event.

3) Determine the logical relationships between the goal, subgoals, and functions.
4) Identify system success path using logic gates.

5) Quantify the Goal-tree.

Figure 5 depicts a partial development example of Goal-tree.(Kolarik).

When Goal-tree system relationships of main interest are developed, it could identify
and fully aware of faulty and weak design points and narrow down to the cause and effect
relationship of main concern. As the following step, Quantified results could be generated
utilizing computer models based on similar case of past experience or case. Then, design
decision trades about whole lifecycle of products or processes are speculated.

Development of the Goal-tree models for systems and components not only provide
the design basis descriptions but also implicitly contain very detailed cause consequence
descriptions of how the hardware suceeds and fails. This means that test program
developer is able to fully examine potential failure paths, the intermediate damage states
which result from failure propagation and identify the information which would be emitted
if that failure propagation paths were active. This means that the informational needs for
inferring the intemal condition of hardware during its operation can be defined a priori ,
and that comprehensive non-destructive testing program can be defined to determine the
rates of progression for many importantfunctional failure modes. The Goal-trees for
hardware tend to be generic and merely needed to be tailored for a specific application, so
it is feasible to construct an expert database which could be interactively used by future
designers to build and specify comprehensive hardware testing programs.

4. Iteration Process and Sytem Integration

Simulation and logic models which have greater realism, detail and complexity than
those developed for the conceptual design are used to examine the relationships between
the capacity and reliability of individual components, system geometry and dynamic
character, local and global environment effects and the overall reliability structure of the
design. These influences on performance are selectively varied so that the worth of
enhancements, alternate schemes or differing levels of hardware capacity can be compared
and the best combinations identified. When the prototypical hardware is proposed and there
is little or no empirical evidence from which to infer future performance levels or failure
probabilites, the designer must describe the imcertainty in hardware performance with
probabilistic distributions. The effect of this uncertainty on overall system performance
must be described in a like manner.

The value in using design reliability engineering approach is that the areas of
greatest uncertainty and importance can be addressed early in the design so informed
guidance for selection of design hardware is available and subsequent maturation of the
design occurs as quickly as possible. A computer expert programs could assist the
designer in interactively defining the appropriate probablistic information required for each
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model by either providing built-in heuristic relationships or expert deep knowledge data
bases. .

The designer will iterate between the tasks identifed above using combinations of
thermal-hydraulic, finite elements (stress) and reliability models and simulations to
determine and compare the relative worth of proposed changes with the benefits which
result from improved mission or life-cycle costs. The process will continue until the
solution is optimal.

As the reliability of individual systems increases, dependent system faults and common
cause failure mechanisms become more important. The nature of these dependencies
requires that they not only be rigorously identified, but that they be fully integrated with
the system models to establish their importance to maintain overall mission success. This
concern with dependent systems, such as cooling, motive power and controls, and with
common cause failures that result from inter-spartial relationships and common hazard
vulnerabilities leads to the need for dedective approaches such as fault tree analysis. It is
through these fully interconnected models that the reliability engineer takes on the role of
a systems integrator and ensures that inter-system boundaries are compatible and exhibit
adequate overlap. By encouraging the designer to interactively estimate the important
situation-specific influences on stress and material strength, the domain over which they
are likely to range, and their functional relationships, it should be possible to synthesize
probabilitic load strength relationships. This will provide the designer with a means of
estimating failure probabilities for passive component for which their is usually no data and
in some cases active prototype components. Achieving these interactive capabilities requires
that the software contain the expert descriptions of the influences on material strength and
loads and all the functional relationships between them - in other words, an expert
description of the mechanisms by which classes of components succeeds and fail. Goal-tree
analysis can be an effective tool in achieving definition and understanding of the
relationships.

5. Conchisions

The basic tools for designing reliability into high technology systems exists. The
practically of doing so in doing in significantly greater detail can be performed with advent
of new computers and computer programming technology. This paper has provided some
examples of a rationale, an approach and the methods and techniques which are available
to the designer to fully integrate reliability into design in the early phase of its lifecycle.
This approach is cost effective when one considers the savings in avoiding resign and
ability to direct scarce resources to the really critical issues in the design. Their potential
benefits are! 1) minimizes need for future redesigns by considering all design aspects from
initiation of design process 2) critical components, design parameters, and uncertainties
identified early 3) value of reducing uncertainties quantified 4) use of expert systems
systematically builds on past experience 5)supports many development facets (design,
safety, reliability, test engineering, training, maintenance)
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Figure 2: Steps in Design Reliability Engineering Process
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Figure 3: Illustration of Design Reliability Engineering Process
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Figure 4: Mustration of Design Reliability Engineering Process (continued)
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Figure 5: Example of Partial Goal-tree development (Kolarik)



