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Abstract

In this thesis, we calculated the reliability of mixed system by using some suitable
methods, including reduction to the series element method convert it a series system only,
path tracing method, minimum cut method and sum of disjoint products method.Also,
included calculating the importance of all system’s components to find the effect of all
these components on the functioning of system as a whole. The topic of increasing the
reliability of a system has been studied based on the importance of each component of the
mixed system, through the most important components in the system obtaining the best
allocation from the increase in reliability over others that are followed by importance.
Three methods were used to assign the reliability of the mixed system, including the
basic assignment method, minimum effort method, and the ARINC approach method,
and then we compared them to find out the best method.Finally, we improved system
reliability through redundancy, then redundancy after reduction turned out to be better

than redundancy before reduction.
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Introduction

The major focus is on multistate systems with elements that are detrimental since, of
the usefulness of this technique in safe assessment, analysis, and predicting, as well as
the research of the effectiveness of operating processes in real technological systems.
Because most information systems have a large number of components and complex
operating methods have, they fall under the category of systems. As a result, establishing
a system’s reliability and safety may be difficult. They are typically series systems
with a large number of elements. Series processes are often designated for components
or subsystems, resulting in paralleled-series or series-paralleled reliabilities designs [10].
While transporting water, gas, oil, and a variety of chemical substances via the pipe
systems, we come across large series systems. These systems are often utilized to distribute
electrical energy on a large scale. If all of its routes could carry people, a municipal bus
transportation system with numerous communication lines, each operated by a single
vehicle, might be regarded a modeled series systems. We may call it a paralleled series
systems or m out of n systems if the communications lines has several buses at their
disposal. An electrical cable thought up of several wires is one of the simpler parallel
components, or m out of n systems. Electrical pulses may be sent using an m out of n
-series system instead of a paralleled series systems. Telephony, rope-based transportation,
and the use of belt conveyors and elevators all make use of large-scale systems of this kind
[53]. Typical cases of series-paralleled and paralleled-series systems include ship-rope
elevator and port elevator, deployed at shipyards throughout undocking and docking
systems. This reliability analysis should go beyond the two-state technique to include
a multistate approach, since these systems safety and operational process efficiency are
important considerations. Reliability in people has traditionally been held in high regard
as a characteristic. For engineering system, the reliability principle have been there for
over than sixty year, but it has yet to be put into practice, the phrase took on a more

technical sense and was employed to evaluate the safe operation of single-, twin-and



2 M.Sc. Thesis

four-engine aircraft. The amount of crashes per flying hour was used to gauge a plane’s
reliability. Quality control for industrial items was given a theoretical basis in the early
[9, 55]. Nevertheless, these ideas were not brought into practice to any considerable
degree until World War started. Products created with a great number of parts usually
did not operate, even though it was formed up of individually high-qualities elements.
The initial missiles all detonated on the landed or launch pad too soon despite efforts to
use high-quality components and pay close attention to detail (English Channels), was
enlisted to serve as a consultant. He was tasked with dissecting the missile system and
came up with the law of product probability of series components in record time, he
performed well. This theorem applies to systems that only operate if all of their elements
are operational and valid under certain conditions. It states that the reliability of such
a system is comparable to incorporating a large numbers of elements. As a result, even
if the individual pieces are very reliable, the system’s overall dependability may be low.
In the United State, efforts were undertaken to overcome for low system dependability
by boosting the individual component quality. Fundamental resources required to be
enhanced, as well as product designs [I1, 28] . It was able to improve the system’s
dependability. However, a systematic analysis of the subject was definitely not conducted
at that time. As more and more sophisticated products with an ever-increasing number of
parts were developed after, advancements continued to be made (electronic, televisions,
computer). As automating progressed, so did the need for increasingly sophisticated
systems of control and safety. A great deal of attention was paid to the development
of intercontinental ballistic missiles and space exploration in the United States across
the late 1950s and early 1960s. Sometime after, an association for engineers working
with reliability issues was formed. Transactions on reliability, the earliest publication on
the area, was published in 1963, and other publications on the subject were published
in the 1960s. Despite its shortcomings, this document gives the first rigorous safety

review of a complex system such as a nuclear power plant. Similar investigation has
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previously been conducted out in Asia and Europe [13]. In today’s world, risks and
dependability are analyzed in practically every business. In Norwegian, the comparable
is true, notably in the offshore oil business. The North Sea’s offshore oil and gas
development is expanding into deeper and more inhospitable seas, and several remotely
controlled subsea productions lines are placed into operations. Subsea system reliability
is comparable to spaceflight reliability in its importance. Significant servicing will not be
able to make up for a low level of reliability. Knight (1991) and Villemeur (1988) provide a
more in-depth look at the history of reliability technology and how the system as a whole
is comprised of the reliabilities of its many components [57]. An item’s reliability measures
how likely it is, given certain environmental factors and use patterns, that it will continue
to perform as intended for an extended length of time. In the years after committees
and some specific projects, several research facilities, universities, and mathematicians
started investigating the issues of life testing and durability. The study of numerous daily
reliability mechanisms, including series, parallel, series-paralleled, paralleled-series, and
hybrid systems, is popular among scholars. Lists focusing on maintenance and failures
of parts and equipment researchers have sought to design unique techniques to tackle
mixed systems because of the numerous diverse systems to consider. As a starting
concept, let us define dependability before moving on to some crucial probability and
reliability concepts. During this era, Walludi Weiball was researching statistics theories
for weariness. Reliability engineering progressed in lockstep with qualities engineering
(Jurun and Gryana, 1988) [16, 51].

The military’s principal use of reliability engineering was for vacuum tubes
employed in radars devices and related devices, where reliability had shown to be difficult
and expensive, established the reliability societies. Testing for component and system
reliability. A military standard 781 was developed during this time period. Radio
Corporation of America (RCA) published the widely utilized (and well discussed) around

this time period and employed it to anticipate component failures ratings. There has
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been a gradual shift away from emphasizing component reliability and empirical study
on their own. Techniques borrowed from the consumer goods industry, such as the more
pragmatic. Published an important work entitled cumulative damage in fatigue in the
ASME [28].

Construction and operation sparked an upsurge in global concern about risk
and safety, both in the United State and elsewhere in the United States, a massive
study committee headed by Normen Rasmassen was put up to investigate the situation.
The multimillions-dollars effort culminated in the so-calling Rasmussen report, WASH-
1400 (NUREG-75/014) [23]. Introduced the quadratic case of reliability to use the
convex /concave mutual dependence of slice components along the curves of constant-slice
eliability to maintain or increase the circuit reliability. Clear engineering techniques
to evaluate the reliability of electrical systems used in aircraft show that elements of
reliability must be linearly based on time [27].

The researchers have introduced accurate ways to calculate reliability of complex
systems to calculate the reliability of the electromagnetic system inside aircraft and some
engineering features. Also, the researcher has studied some ways to allocate reliability
to the subsystem. As well as studying the reliability allocation and optimization of the
reliability of the electromagnetic system within an aircraft by the genetic algorithm
and the particle swarm optimization. Presented reliability of oxygen supply systems
for spacecraft and some engineering characteristics. They have presented geometries of

reliabilities models of the electricity systems utilized in spacecraft [2, 55].

In this thesis, we searched for appropriate methods for calculating the reliability
of mixed systems and the study of reliability allocation and improvement. This thesis
aims to calculate the reliability of the mixed system as well as allocate the reliability to

find out which is the best method to allocate and improve the mixed systems.
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This thesis consists of five chapters, while the suggested order is the one.
Chapter one, contains some definitions, general concepts, and useful life of components.

Chapter two, contains reliability systems and how to calculate the reliability of
each system and optimal arrangement for series and parallel systems.

Chapter three, contains the mixed systems and some methods to evaluate
reliability of mixed systems.

Chapter four, the researcher tries to discuss the methods to allocate reliability the
mixed system and improve the reliability of the mixed system before and after reduction.

Chapter five consists of conclusions and future works.



Chapter 1

Probability and Reliability
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1.1 Introduction

In this chapter, we will begin our discussion of some general and important definitions such
as probability, reliability and other definitions by first defining the concept of reliability.
As well as studying the properties of some definitions and making a study on the reliability
of the life of some components, to find out what is the reliability value of components
and systems before and after operation and what are the reasons that affect the loss of
reliability .While there were major challenges with the construction and operation of the
technologies, the repercussions of failures were not as apparent or as tragic. Reliability

issues have to be taken seriously from the beginning of the industrial period [20].

1.2 Some Definitions and General Concepts

Definition 1.1 Probability p(t) [10] It is a numerical measure of the probability of an

event occurring in relation to a set of alternative event.

Probability Properties

P(A) is the probability of an occurrence A in a sample space S, and it has the following

properties:

(1) 0< P(A) < 1.

If A and B are any two events, then

P(AUB)=P(A)+P(B)— P(ANB) (1.1)
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If A, B and C' are three events, then.

P(AUBUC)=P(A)+P(B)+P(C)-P(ANB)-P(ANC)—P(BNC)+P(ANBNC)
(1.2)

Definition 1.2 Probability density function ( p. d .f) [25] A continuous random

variable X take all values in a interval of number [a,b] the probability.

Pla<z<b) = /bf(x) dx and f(z) >0, for all x (1.3)

Definition 1.3 Cumulative distribution function (c.d.f) [2/] The cumulative
distribution function (c.d.f),is a function, F(y) of a random wvarible Y, and is defined

for a number y by:

Yy
) =Py <o) = [ s0s)ds (1.4
The mathematical relationship between the p.d.f and c.d.f is illustrated by:

F(y) = [? _f(s) ds , where s is a dummy integration variable. Conversely:

fly) = (1.5)

Definition 1.4 System [7] It is a group of compounds arranged in a specific order of

communication with each other and with external components for a specific purpose.

Definition 1.5 Reliability [19] Is the probability that a device will function normally

for a certain amount of time under specified operating circumstances.

The probability of survival or reliability R(¢) at time t, has the following properties:

(1) 0 < R(t) < 1.
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(2) R(0) = 1; the device is assumed to be working properly at time t =0, and R(c0) = 0

; no device can work forever without failure.

(3) R(t) in general is decreasing function of time t.
R(t) = P{T > t}. (1.6)

R(t) =1 —/tf(t) dt. (1.7)

Definition 1.6 Mean time to failure (MTTF) [7]] The average time to failure
reflects the most probable timeframe for a non-repairable systems to fail. MTTF is an
evaluation of the mean or average time it takes for an element to fail or cause a disruption

in the operation of a process, product, design, or procedure.

Properties of the Failure Rate

MTTF considers that the product cannot be fixed and so cannot resume regular
operations. When evaluating maintenance costs, it is typically used to quantify system
or equipment reliability and is relevant even if there is no steady failure rate. Only
components that can be fixed and restored to service should be assigned an MTTF.It
is more significant to know the average time to failure of a product than to know all of
the failure specifics. The MTTF is believed to be the same for all items that are equal
in design and operate under same circumstances [20, 34]. If we have data from life tests
on a populations of N objects with failing times t,t,,...,t, the MTTF may be stated

mathematically as:

I <.
MTTF = ;m (1.8)

The MTTEF is a function of the random variables T, which represents the component’s

period to failing, whether it is defined by the hazard model and its reliability functions.
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The MTTF (mean time between failures) is described as:

MTTF =E(T)

Hence

MﬂT:—/tﬂw
0

—— RO+ [ RO d

:Ammwm

The MTTF may alternatively be calculated as the R(t) Laplace transform, i.e.

MﬂT:/tht
0

t

=lim [ R(s) ds
t=0 Jo
However .
tli)rgo i R(s) ds
= lim R(s)

In which R(s) is the Laplace transform of R(¢)

MTTF = lim R(s)

s—0

. Thesis

(1.9)

(1.10)

(1.11)

(1.12)

(1.13)

(1.14)

Definition 1.7 Constant hazard model h(t) [7/] The hazard rate is assumed to

be constant and does not rise considerably with component age in this model. The

constant-hazard approach is ideal for when a product is working throughout its

lifetime.

effective
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1.3 Relations Between h(t),R(t),F(t) and f(t)
Constant hazard models reliability is:
Rt)=1—F()=e". (1.15)

Consider a constant failure rate and a probability distribution with an exponential shape.

Failure rate,

ft) = e, (1.16)
Reliability function,
R(t) = e, (1.17)
Then hazard function,
ft) e ™M
h(t) - W - e*)\t - /\ (118)

The constant hazard model has the form Z(t) = A\. When the hazard rate is steady and
equivalent to the failure rate.

Where A is a constant. Many components, especially electrical ones, have this
characteristic. This model has been utilized in reliability studies for several decades
[35, 51]. The reliability and unreliability functions for an object with a steady hazard

rate are as follows.

ft) =Ae™,
R(t) = e,
Ft)y=1—e (1.19)

The average times of failures of the item are:

MTTF = / e M dt
0
1

T

(1.20)
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Definition 1.8 Mutually exclusive events [5°] If A and B are mutually exclusive,

then the probability of their union satisfies.

P(AUB) = P(A) + P(B), ie P(ANB)=0 (1.21)

Definition 1.9 Conditional probability [70] The probability that A occurs given that

B occurs is called the conditional probability of A given B and is written P(A/B) as.

P(AN B)

mym:<Pw)>mmm>o (1.22)

Definition 1.10 Component [79] The component manufacturer usually specifies the

component to meet functional requirements in most applications.

Definition 1.11 Reliability allocation [1] It is the technique of allocating individual

unit reliability criteria in order to achieve the required system reliability.

1.4 Reliability Allocation Factors

(1) Any system’s complexity, as well as the complexity of individual subsystems, varies
greatly. Because the amount of components that make up a module determines its
reliability, reliability allocation should be based in complexities. The failures rates
of a module is equivalent to the total of the failures rates of its individual elements,
as is widely acknowledged. To begin with, all module’s failures rate should be
proportionate to the numbers of elements that compose it up. Therefore Z; o< K;.
In which Kj is the j™ subsystem’s difficulty level. The number of active element

groups is a common metric for these difficulty aspects.

(2) Because the cost increase for reliability enhancement for a very expensive subsystem

is sometimes extremely substantial, cost considerations in the reliabilities allocations
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programs are critical. The assigned reliabilities must also be proved, and showing a
high-reliabilities levels for a pricey system might be prohibitively expensive. From
this perspective, a lower reliability number should be assigned to a more expensive
subsystem. A greater failure rate is desirable for a more expensive system Z; oc Cj.

In which C; is the j subsystem’s cost [32, 63].

1.5 Importance of Reliability

Birnbaum’s measurement of element I reliability relevance at period f equals the likelihood
that the systems is in a really states at period t where component I is essential for
the systems.Since the complexities of more extensive system and the consequences of its
failures, the issue of reliability has taken on new dimensions in recent years. Today’s
modern-day unreliability may risk human life and generate operational inefficiency and
uneconomical maintenance. Although the transition to thinking about reliability is
challenging since it requires a conceptual shift, difficult does not imply impossible. The
term reliability has an essential significance in its broadest sense: From developers,
producers, investigators, and suppliers to users and everybody else involved in keeping
a system dependable, reliability simply means that it is a liability [30]. More than ever

before, engineers are paying close attention to the qualities and reliabilities of their system.

1.6 Useful Life of Components

Take a vast number of elements and put them through their paces, replacing them when
they fail. In sufficiently lengthy intervals of similar length, about the same amount of
failures will occur. A rapid buildup of stresses operating on and in the component is the
physical mechanism of such failures. The unpredictability of the occurrence of accidental
failures is clear since these quick stress accumulations happen at random. Let’s say we

plot the fail rates vs. T of a large sample of homogenous element populations. We put



14 M.Sc. Thesis

a large number of additional components of one type into operation at T = O. If this
population contains any weak or inferior specimens, it would have a high failing rate
at first. The failing rate drops dramatically throughout the burn-in or debugging phase,
when these weak elements fail one at a period. Once the weaker elements have faded away;,
it stabilizes to a virtually constant value at time T. After being burned in or debugged,
the component population reache its minimum fail rate, that is virtually constant. The
exponential rules is a good approximation throughout this time, which is termed as the
useable life period [39, 67]. Whenever the components near the end of their useful lives 7,
they begin to show signs of wear. The failure rate begins to rise quickly beyond this point.
If just a small fraction of the component population has failed up to the time T, nearly
half of the remaining components will fail between T, and M. The population’s mean wear
out life is measured in time M. We call it basically mean life, as opposed to m = % .Which
is the mean duration between failures. During the relevant life span. If the failing rates
is reasonably low throughout the useful life’s range, the mean time between failings may
approach hundreds of thousands or possibly millions of hour. A component can’t be used
in operations for 100,000 hours only though its mean time among failings is confirmed to
be 100,000 hours (or because its failures rate is 0.00001). The average duration among
failures indicates the component’s reliability. These information is critical throughout
the useful life of a product. For every 10-hour operating period, a component with an
average duration among failings of 100,000 hours would yield a reliabilities of 0.9999 or
99.99 percentage. Furthermore, we might anticipate just one component of this quality to
fail if we ran 100,000 of them for an hour. Could we anticipate just one failure if we ran
10,000 components for 10 hours, 1000 elements for 100hrs, or 100 elements for 1000hrs
under the same conditions. Although of the continual rating of failure of components
over its effective life, any replacement scheme will not be able to avoid accidental failures.
We could make no progress if we attempted to replace excellent, non-failed components

within their valuable lives. We would be more likely to do injury since some of the new
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components might not have been fully burnt in, and their existence would just raise the
rate of failure. As a result, the optimum approach is to replace components only when
they fail throughout their useful life. Therefore, we must emphasize that no component
should be permitted to stay in operation after its worn-out replacement time 7T, has
passed. Instead, the likelihood of component failure skyrockets, and the likelihood of
system failure skyrockets even further. As a result, the main criterion of reliabilities are
to replace elements as they fail during their effective lives and substitute each element,
particularly if it had not failed, no late than whenever it approaches the end of its effective
life. The burn-in technique is very necessary for missiles and space technologies. After the
vehicle lifts flight, no component replacements are available, and any single component
failure might result in the system’s failure. Another golden rule of reliability is to burnin

components before assembly, accompanied by a system debugging method [3, 70] .



Chapter 2

Reliability Systems
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2.1 Introduction

In this chapter, we looked at some concepts of constant quality, such as the hazard- rate
mean time to failure, and so on, as well as a representative portion of the work that has
been done . This section examines the dependability of the framework. This necessitates
a thorough understanding of the physical structure of the mechanism, which may range
from small to large and include various segments. It also necessitates an appropriate
colleague with he framework’s concept in the event of subsystem failure. This chapter is
divided into two parts. The second section includes a basic and includes series , parallel ,
series — parallel parallel - series, and a combination of series and parallel and k - out of —
n framework. In the last section of this chapter, we will look at the mixed system, which
is useful for difficult situations or systems where it is difficult to identify the components
whether series or parallel, and we will show some ways to solve the mixed system. We
also touch on optimal arrangement for series and parallel systems as well as maximizing

the reliability of the parallel-serial system shown by the theory [15, 29].

2.2 System Reliability

Certain types of systems arise frequently in practice and serve to illustrate the concept .
If a problem cannot be solved using the simple structure of this section, it may be possible
to solve it by viewing it as a combination of simple structures [3, 17]. The components of

systems can be combined in the following ways:

1. Series system.

2. Parallel system.

3. Parallel — series system.
4. Series — parallel system.

5. Mixed system.
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6. K — out — of — n system.

2.2.1 Series System

Even if a system fails as a whole due to the loss of one or more elements, it is still regarded a
series system. To put in another way, for a system to function, all of its components must
be operational. A generic series system’s reliability would be determined as following.
Assuming a series system has n elements. R; stands for component i is reliability, whereas
R, stands for system reliability. By meaning, a system’s effective operation necessitates

the functioning of all of its components [3, 31]. From theoretical probability.

I > U — L — B —>» ... —D WD —> ()

Figure 2.1: Series system.

The reliability of the system is given by:

Rs =R, X Ry, X ... X Ry, (2.1)

Example 2.1 Suppose a three-components system is connected in series, each with a fixed
rate of failure. Components A, B, and C, respectively, have rates of 0.4,0.3, and 0.5 per
10,000 hours. As a result.
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I

—> 04 )E 0.

Figure 2.2: Exampel of series system.

For constant failure rate A, reliability.

R(t) = e
Solution

Ry = 04
Rp = e 03t
Ry = e 05t

Hence, the system’s reliability is :

R(t) — 670.4t % 670.3t % 670.57:

_ 6—0.4t—0.3t—0.5t

— 6—1.215

The system’s probability will continue to function beyond 30,000 hours is then calculated.
R(S) — 6_1'2X3

— 36

= 0.0273

2.2.2 Parallel System

A system is considered a paralleled systems if and exclusively if the failures of all of its
elements causes the whole systems to fail. In certain words, if one or more components
are functioning, a parallel system succeeds. A lighting system with three lights in rooms,

for instance, is a paralleled systems since room darkness occurs solely whenever all three



20 M.Sc. Thesis

lamps fail [22]. The following formula is used to determine the reliabilities of a generic

paralleled systems. Assume a paralleled system consisting of mutually independent n

components.

Figure 2.3: Parallel system.

The system reliability is then:

Rg=1— P( all fail )

=1— [P (B fails ) x P (B fails ) x ... x P (B, fails )]
—1-(1-R)(1—Rs)...(1—R,) (22)

n

Rs=1-][1-R)

=1

Example 2.2 Parallel connections are made between component A, which has a constant
rate of failure of 0.3 per 1000 hours, component B, which has a constant rate of failure of

0.2 per 1000 hours, and component C, which has a constant rate of failure 0.6 per 1000

hours. Determine the system’s reliability.
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I 0.3 I

I 0.6 I

Figure 2.4: Example of parallel system.

Solution
R(t) =e™
R4 (t) = e 03
Rp (t) =02
R¢ (t) = ¢ 00

Rs(t) =1—1[(1—-Ra) (1 —Rp)(1 - Rc)]

=1 [(1 _ e 02 _ 03t 6—0.51&) (1 . 6—0.6)}

o024 =03t _ ,—05t 4 —0.6t _ ,~08t _ 09t  —11It

The system’s probability will continue to function after 1000 hours, for example.

Rg(1) = e=02(1) 4 =03(1) _ ,=05(1) 4 ~0.6(1) _ ,~08(1) _ ,—0.9(1) 4 ~1.1(1)

= 0.97

After 1000 hours, a system like this had a 97% probability of remaining operating.

21
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2.2.3 Parallel-series System

A generic paralleled—series system is made up of m subsystems that are connected in series
and n components that are contained inside the parallel subsystem. We firstly convert
every series subsystem to an equivalent reliability block to compute system reliability [3].
Then the system’s reliability is given by.

The parallel-series system

1 2 m

n

Figure 2.5: Parallel - series system.

Rs=[(1—R)"(1 — Ro)"....(1 — Ry)"™ (2.3)

Rs=1[1—(1—R)"™ (2.4)

Example 2.3 Compute the reliability of the system in fig (2.6)
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Figure 2.6: Example of parallel- series.

Solution
Assum that the reliability of each component is 0.80 here we are given n = 2,m = 3,

using eq(2.4), we get.
Rs=[1—-(1-R)""

= [1—(1-0.80)?"
= (0.96)°

= 0.88%

2.2.4 Series- parallel System

A system of series-parallel is made up of n subsystems running with m components in
paralleled in series in all subsystems [31]. We may calculate the system’s reliability as

follows:

R,=1—(1—R)" (2.5)

Where R = [["r; , and r; is the reliability of the ¢ the component in series. Thus

Rgzl—ll—ﬁm] (2.6)

The series-parallel system.
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1 2 S T T m

N e—d e— Jececnenaad

Figure 2.7: Series — parallel system .

Example 2.4 Compute the reliability of the system in fig (2.8)

Figure 2.8: Example of series - parallel.

The reliability of A = 0.87, B = 0.75,C = 0.95, using the eq (2.6), we get the system

reliability for m = 3 and n = 2.
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3 2
Rszl—[]_— TZ‘]
i=1

=1—[1-(0.87 % 0.75 x 0.95)]?

=1-—(1-0.619)*
=1-0.145
= 0.85

2.2.5 Mixed System

In order to meet functional or reliability requirements, serial and parallel arrangements
are often blended into a system design. Series-parallel and parallel-series arrangements

result from the combination [65].

Example 2.5 Fuvaluate the system’s dependability. Assum that the reliability of A =
0.2,B=0.6,C=0.8,D=0.7

Figure 2.9: Mixed system.

Solution
First, assume the (A B) and (C D) branches. These are subsystem series. Reliability of

top branch
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Riop (t) = Ra(t) x Ri(t)
=0.2x0.6

=0.12
Reliability of bottom branch

Riot (1) = Re(t) x Rp(t)
=0.8x0.7

= 0.56

Therefore, the two subsystems (A B) and (C D) may be recognized as part of a bigger

system.

AB

CD

Figure 2.10: Example of mixed system.

And for this parallel system.

Rg(t) =1 =[(1 = Rap(t)) x (1 = Rep(t))]
=1—-[(1-0.12) x (1 —0.56)]
=1-—0.3872

= 0.61
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2.2.6 k-out-of-n systems

If at least one component of a parallel system works, it is operationally successful. In
actuality, some systems need the success of several components in order for the overall
system to function. These types of systems are common. An electricity-generating systems
with four engines in derating mode might require at least two engines to operate at
maximum capacity at the same time to create adequate power. Web hosts may have up
to five servers installed, but at least three of them must be operational to ensure that the
web service is not disrupted. To determine the location of an item, a positioning systems
with five sensors needs have at least three sensors working. The k — out — of — n system
is a common name for this kind of system: G system, in which n is the total number of
elements in the systems, k denotes the least number of n elements that might work for
the system to operates appropriately, and G denotes good, which denotes success [11, 50]
. A paralleled system is one that is one out of n:G, while a series systems are one that
is n out of n:G. Occasionally, we could be captivated with describing a systems from the
standpoint of failures. The system is referred to as ak—out—of —n : F' system if and solely
if the failures of at least k elements provokes the n-component systems to failling, where F
stands for failure. According to this concept, a paralleled system is an n—out—of —n : F
systems, while a series systems is a; — out — of —n : F systems. An k —out —of —n: G
systems seems to be identical to a (nk + 1) — out — of —n : F system. Consider just
the K — out — of —n : G system due to the equivalence connection. Assume that the
failure times of n elements in an k — out — of —n : G system are distributed independent
and equally. Let x represent the system’s numbers of operating components. x is thus a
random variables with a binomially distribution. It is unlikely that all k components will

be operating at the same time.
P (x=k)=CFRE(1—Ry)"™, k=0,1,....n (2.7)

In which, Ry is the component’s reliability. Therefore, the system reliability R is a

k —out —of —n : G systems that needs at least k elements to operate.
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R=P(z>k) =) Cj Ry (1—Ro)"" (2.8)
i=k
If k£ = 1, which is, so if n elements are in paralleled, the result is ,eq (2.8).

R=1-(1—Ry)" (2.9)

This is comparable to, eq (2.9) might be expressed as R = Rj since k = n and the n
elements are in series. When the duration to fail is exponentially, the system’s reliability

is exponential as well.

R(t)= Cie?(1—e )" (2.10)
i=k

When the duration to failings is exponential, so is the system’s dependability.

> 11
MTTF = R(t)dt = - - 2.11
[ roa=53; (211)
Note that eq (2.11) is the identical when k = 1.

Example 2.6 Five separate and similar servers are linked in parallel via a web host. For
the online service to remain available, at least three should be operational. The exponential
is distributed with X = 2.7 x 107° failures per hour are used to simulate the server life.
Over one year of continuous operation, compute the average time among failures (MTTF)

and the web host’s reliability [77].

Solution

The hosting provider is az—out—of-5 : G system. The MTTF and may be determined
from the MTTF of a failed server that is promptly restored to a good-as-new state eq
(2.11).

MTTF = 7—t— Y7 ;1 =2.9 x 107 hours.

When the supplied data is substituted into eq (2.10) the web host’s reliability is calculated

at 8760 hrs (1 yr.).
5

R(8760) = Z (g2 TX10Fx8760%i <1 . 6_2'7X1075X8760> 5—i

1=3

=0.93
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As previously stated, a; — out — of — n : G systems is a pure paralleled systems.
A paralleled system with C nk paths, every with k different components in general,
could be created from ak — out — of — n : G system. To demonstrate this shift, use
as—out—of —3 : G systems C3 = 3 parallel pathways, every with two components, make
up the comparable parallel system in fig (2.11) depicts the parallel system’s reliability

schematic diagram. The probability of a parallel system failure may be stated as
F:PT(EI'EQ'El'Eg‘EQ'E:g)

=P [(E+E) (B +E) (B+E)]

This equation is simplified by using the boolean principles.

F=P.(E, .Ey+ E\.E3+ Ey.E3) (2.12)
1 2
1 3
2 3

Figure 2.11: Reliability block diagram equivalent to : G system.

If any of the three E;.F,, Ey.Es5, orEy.E5 events happens, the system fails, according to
the formula. A minimum cut set is as — out — of — 3 event: the G system contains three
minimal cutting sets with two components. A k—out—of —n : G systems, in general, has

C=*+1 minimum cut sets, each of which has precisely k elements. Let’s keep working
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on the failure probability calculation, eq (2.12) for example, may be enlarged to.
F =P, (E,. B) + P, (Er.Es) + P, (Es.Es) — 2P,(E).Ey.Ey)
Because the sines Fy, E, and Es are mutually independent, the system’s reliability may

be expressed as.

R=1-F
=1-(1=R) (1= Ry) = (1= Ri) (1~ Ry) = (1 - Ry) (1 - Ry) + (2.13)

2(1=Ry) (1 —Ry) (1 —Rs)

When any components are similar and possess the same reliability Ry , eq (2.13) produces
R=1—(1+2Ry) (1 - Ry)*

The reliability is similar to what it was before eq (2.8). It’s worth noting that, unlike,
eq (2.8), eq (2.13) does not need identical components to identify systems reliability. In
circumstances whenever elements reliabilities are uneven, the translation of ak—out—of —

n : G systems to an similar paralleled system gives way to determining system reliability.

2.3 Optimal Arrangement for Series and Parallel Systems

Considering the challenge of maximizing the predicted number of such completed systems
that would function properly by optimizing component assembly into series of systems.
Every system series is made up of n elements, each being of a unique kind. There
are n kinds of components accessible, everyone having k components; so, a total of nk
components are accessible. The reliabilities of these k type m components are arranged
in such a way that P < Py* < ... < P".(1 < m < n). These nk components must
be divided into k groups, every one containing n components of various sorts [10, G1]. A
series system is created by the n components in every group. The challenge is how to build
these k systems out of existing components in such a way that the anticipated number
of such systems, E(N), that would function adequately is maximized. The solution is

that if the most of every kind is placed in one system, the leftover best of every type is
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placed in the next system, and the worst of every type is placed in the ultimate system,
E(N) will be maximized. To put it another way, if system j includes components with
P!, P?, ..., Pp. reliabilities, E(N) is maximized. Regardless of the actual reliabilities
numbers, this arrangement is best. Only the order of the reliabilities determines the
best distribution. An invariant optimum arrangement is a kind of optimal allocation
or arrangement (or assignment or design). Imagine another issue of optimum system
assembling in which each of the k systems to be built is a parallel system. These are
referred to as Sy, Sa, ..., Sk. S; system have n; components (1 < j < k) and the values of
n;forj =1,2,... k. k does not need to be similar. The accessible components might be
presumed to be of a similar kind. There is a total of n = Z?Zl n; components accessible
for selection and the reliabilities of these n components are ordered as.P; < P, < ... < P,.
E(N) is maximized under these circumstances if a partition could be discovered that
brings the reliabilities of these k systems as near together as feasible. There is no invariant
optimum split or arrangement of the components if only the ordering of the relevant
components is known [21]. A heuristic technique is proposed to find improved partitions
via pairwise component exchange. The goal is to identify partitions that tend to equalize
the parallel system’s unreliabilities. Assume we begin with a partition Sy, Ss, ..., S . Use
Q; to symbolize the system’s unreliability.

Si1<j<k):Q;= Hiesj qi

Where ¢; = 1 — p;forl < i < n.However, we have identified the best partition since
these (); are not all comparable to one another. We may pick the two partitions with
the highest and lowest (); values to enhance on the existing partition, say, S; with
Q1 = mini<;<x@Q; and S, with Q) = maxi<;<x@; . Now pick a component from S that
has umeliabilily ¢; (s € S;) and a component from Sy that has unreliability ¢ (t € Sk)
such that ¢s < ¢, or s > t. If the inequality.

< |Qr — Q|

If this condition is met, the existing partition will be improved by exchanging the two

sQr _ @@
qt qs
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components ¢, of system S; and ¢; of system Si. The use of this heuristic does not
ensure the best possible assignment. Furthermore, via pairwise component exchange, this

heuristic provides a technique for refining a given design [(4].



Chapter 3

Addressing the Problem of Finding
Reliability for a Mixed System
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3.1 Introduction

In this chapter, we will look at several reliability assignments models for mixed systems.
The majority of real-world technological systems are extremely mixed, making it
challenging to evaluate their reliability. The identification, assessment, prediction, and
optimization of their reliability are mixed because of the huge number of components and
subsystems and their mixed operating modes. In real life, the complexity of system
operation procedures and their impact on changes in time, system architecture, and
component reliability characteristics are often encountered. As a result, the practical
significance of combining system reliability and system operation processes models into
a single general model in reliability evaluations of genuine technological systems is clear
[1, 38]. To find out what an assignment is and its purpose, the assignment is to use a
reliability model to assign reliability to subsystems in order to achieve a system’s specified
reliability. We are also developing objective models to assign reliability to the mixed
system. We have applied some methods and techniques to find system reliability, including
reduction to series element method, path tracing method, minimal cut method, and sum

of disjoint products method.

3.2 Mixed System

To figure out how reliable a system with both parallel and series parts, split the system

into subsystems that only have parallel or parallel parts [65].

3.3 Some Methods to Evaluate Reliability of Mixed Systems

In this section, we will review some important ways to find the reliability of a mixed

systems.
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Figure 3.1: Mixed system.

3.3.1 Reduction to Series Element Method

Independent series, paralleled, series—paralleled, paralleled—series, kK — out — of — n, and
redundant subsystems are all used in certain systems. The system reduction approach
involves breaking down a system into the subsystems listed above, all with a corresponding
reliability series [(]. The diagram of reliability series is simplified until the complete system
is described by a single dependability series.
Step 1
q =b and ¢ are series
Ry =Ry Re
Step 2

m =f and g are parallel
Ry = 1= [(1=Ry) (1 Ry)

=1-[1—-Ry — Rf + RiR,]

= Rg + R — Rng
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Figure 3.2: Modified (a) of a mixed system.

Step3

n = ¢ and m and h are series
R, = Re R, Ry
=R, [Rg + R — Rng] Ry

— RcR,Rp, + ReReRy — ReReR Ry,

n ]

Figure 3.3: Modified (b) of a mixed system.
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Step 4

p = q and d and n are parallel

Rp = 1—[(1 = Rq) (1 = Ra) (1 = Ru)]
=1—[(1—=Rq—Rq+RqRa) (1 —Ry)]
—1—[1=Rq— Ry +RqRa — Ry + RaRy + RgRy — RqRaRy|
— Ra + Rq — RgRa + Ru — RaRy — RgRy + RqRaRa
= Rq + RpRe — RpReRa + ReRgRi + ReRiRp, — ReRiRgRi — ReReRiR4

— ReRfRyRq + ReRiRgRyRq — ReRgRiRbRe — ReRiRyRuR. + ReRy

ReRuRpRe + ReRgRuRpRcRa + ReReRuRpRcRa — ReReRgRuRpReRa

Step 5

u =1 and j are parallel

Ry =1—[(1—-Ri)(1-Rj)]
— Rj +R1—R1R,j

Figure 3.4: Modified (c) of a mixed system.

37
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Rs =R. R, Ry Rk

= R.RaRiRk + RaRaR;Rx + RaRpRcRiRk + RaRpRcRjRix — RaRaRiR;Rx
— RaRpRcR4RiRk — RaRpRcRaRjRk — RaRbRcRiRjRk + RaReRfRiR;
Rk + RaRReRuRjRik + RaReRsRuRiRx + RaReRgRuRjRi + RaRp R,
R4RiR;Rk — RaRaReRiRhRiRk — RaRqReRfRyRjRx — RaRaReRRuRi
Rk — RiRaReRgRhRRx — RaReRiR R RiRx — RaReRiRRiRjRx — Ra
RcRiRLRiRjRx — RaReRgRuRiRjRk — RaRpRcReReRhRiRx — RaRpRe
RcRiRLRjRx — RaRpRcReRgRuRiRk — RaRpyRcReRgRiR R + RaRaRe (3.1)
RiRRuRiRk + RaRaRRfRRuRjRi + RaRaReRfRuRiR;Ri + RaRq
ReR RuRiRRx + RaReRiRsRiRiR; Rk + RaRpRcRaReRfRLRiRk+
RaRpRcRaReRfRyRRk + RaRpyRcRaReRg R RiRk + RaRpyRcRaReRg
RiuRjRk + RaRpRcReReRgRuRiRk + RaRpRcReReRgRuRjRi + RaRp
RcReRfRLRiR Rk + RaRpRc R RgRuRiRjRik — RaRaRRfRRuRiR;
Rk — RaRbRcRaReRR RyRiRx — RaRpRRaReRiRRuRjRx — RaRip R,
RaReRiRLRiR;Rx — RaRpRcRaReRsRuRiRjRi — RaRpRcReRiR Ry,
RiRjRk + RaRpRcRaReReRgRiuRiR; Rk

It is difficult to calculate this equation manually, so it was calculated in MATLAB

program to extract system reliability Rg in eq (3.1).

3.3.2 Path Tracing Method

Every route from a beginning point to an endpoint is investigated while using the path
tracing technique.Because system performance requires at least one way to be accessible
from one end of the dependability block diagram to the other, the system has not fallen
because at most one path from the start to the finish of the path is accessible. The

chance of these pathways intersecting represents the system’s dependability [0, 30].
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Figure 3.5: Minimal path sets as series-parallel configuration.

From fig (3.5) the reliability of minimal path sets are.

P, = abcik = Rp, = R.RpRcRiRk

Py = abcjk — Rp, = R.R,RcRjRk

P; = adik — Rp, = R.RaRiRx

P, = adjk — Rp, = RaRaR;Rx

P5; = aefthik — Rp, = R.R.RiRuRiRk
P¢ = aethjk — Rp, = RaRcRtRuR;jRk
P7; = aeghik — Rp, = RiRR;RuRiRk

Pg = acghjk — Rp, = R.ReR;RyR;Ry

39
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Ry=1-[(1—Rp1) (1 —Rp2) (1 = Rps) (1 = Rpa) (1 = Rps) (1 — Rpg) (1 — Rp7) (1 — Rps)]
—1—[(1 - RaRsR.RiRy) (1 — RaRyReRRy) (1 — RuRaRiR) (1 — RuRqR;Ry)
(1 — RaReRiRuRiRy) (1 — RuRReRiR;Ry) (1 — RaRRyRyRiRy) (1 — R,R,
R,RuwR;Rx)]

The same polynomial in eq (3.1)

3.3.3 Minimal Cut Method

The minimum cut approach is a strong tool for studying systems that are linked in form
of a hybrids. A cut is a group of elements so that when the elements in the cut are
omitted from the system,there are no route from one endpoint to another [18, 62]. We

obtain the following result when we implement this strategy to fig (3.1).
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Figure 3.6: Minimal cut sets as parallel-series configuration.
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ci=a— R, =R,
co =band d and e are parallel —
Re, =1—[(1-Rp) (1 —Ra) (1 —Re)]
=1—-[(1-Ra—Rp+RpRa) (1 —Re)]
=1—[1—-Rq—Rp +RpRa — Re + RgRe + RyRe — RpRaRe]
= Rq + Rp — RpRa + Re — RqRe — RpRe + RpRaRe
cs=band d and f and g are parallel
Re, = 1—[(1—Ry) (1 - Ra) (1 - R) (1 - Ry)]

=1- [(1 _Rd _Rb“‘Rde) (1 —Rg—Rf+Rng)]

M.Sc. Thesis

= Rg + Rf — Rng + Rq — Rng — RqR + RdeRg + Ry — RbRg — RyRr + Ry

R¢Rg — RpRa + RpRaRg + RpRaRe — RpRaReR,
cy =band d and h are parallel —
Re, =1—[(1-Rp)(1—Ra)(1—Ry)]
= Rq + Ry, — RyRa + Ry — RqRy — RyRy + RyRaRy
c; =cand d and e are parallel —
Re,=1—[(1—Ro)(1—Ra) (1 — R
= Rg + R — RcRg + Re — RaRe — RcRe + RcRaRe
ce =cand d and f and g are parallel —
Rey = 1—[(1-Re)(1—Ra) (1 - Re) (1 —Ry)
= Ry + Rt — ReRg + Ra — RaRg — RaR¢ + RaRfRg + Re — ReR,
— ReRf + ReReRg — ReRg + ReRaRg + ReRaRe — ReRaR(R,
cr =cand d and h are parallel —
R..=1-[(1-Rc)(1-Ra)(1—Rn)

= Rq + Rc — RcRa + R — RaRi — ReRiy + RaRuRe
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cgs =1iand j are parallel —
Rcs =1- [(1 - Rl) (1 - RJ)]
= Ri + Rj — RiRy

ngk%chsz

RS = Rcl RC2 RC3 RC4 RC5 RCg RC7 RCg RCg

The same polynomial in eq (3.1)

3.3.4 Sum of Disjoint Products Method ( SDP)

The SDP technique evaluates the possibility of the combination of numerous minimal
pathways using minimum paths or minimal cuts. The logic function of the system
may represent the union of the minimum pathways. A union of many phrases may be
used to define this logic function. All sets are covered in the SDP approach, none are
double-counted, and all terms exist. The SDP equation is shorter than the equation
for all but the tiniest systems. Terms that are incompatible addition to the law. The
basic explanation for the SDP approach is the addition rule of probability [12, 73]. The
likelihood that at least one of the minimum pathways will happen is the sum of the
possibilities of the minimal single paths if two or many minimal paths had no components
in similar. If two minimal paths a and b have elements in common, the union of these
two minimal paths, a Ub, may be expressed as the union of minimal path a with minimal
paths. @b, where @ denotes the complement of a. Then we have the following equation
for evaluation of the probability of a U b:

P.(aUb) = P,(a) + P.(ab)

Similarly with three minimal paths a, b, and ¢, we have.

P.(aUbUc) = P.(a) + P.(ab) + P,(abc)

With n minimal paths py, ps, ..., p, , We have.
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P (p ... Upn) = B (p1) + B (Pip2) + P (P1p2ps) + -+ + B (P - Pu—ipn)
From path tracing method we get.

p1 = abcik, po = abcjk, p3 = adik, py = adjk, ps = aethik, pg = aefhjk
pr = aeghik, ps = aeghjk,

Risy =P, (p1) + P, (Pip2) + P, (p1p2p3) + Pr (p1p2b3pa) + P, (P1D2P3Daps)

+ P, (p1p2p3papsps) + Pr (P1P2P3paPspep7)

+ P, (P1P2P3PaPsDeD7Ps)
Rg =P,( abcik ) + P,.(abcik abcjk) + P,(abcik abcjk adik)

+ P.( abcik abcjk adik adjk ) 4+ P,( abcik abcjk adik adjk aethik )

+ P,( abcik abcjk adik adjk aefhik aefhjk )

+ P,( abcik abcjk adik adjk aefhik aefhjk aeghik aeghjk)

Ry =R,RpRcRiRx + (1 — RaRpReRiRk)RaRpReR; Ry + (1 — RuRpRRiR)(1 — R,
RpReR;Ri)RaRaRiRy + (1 — RuRpReRiRi) (1 — RaRpReR;Ry) (1 — RaRaRy
Ri)RaRaR;Ric + (1 — RaRpReRiRi)(1 — RaRpReR;Ri) (1 — RaRqRiRi)(1 — R,
RaR;Ri)RaReRRuRiRx + (1 — RuRpReRiRy)(1 — RaRpReR;Ri) (1 — RaRg
RiR)(1 — RaRaR;Ri)(1 — RaReRiRuRiRx)RaReRiRuR;Ri + (1 — RaRpRe
RiRi)(1 — RaRpReRiRi) (1 — RuRaRiRy) (1 — RaRaRiR) (1 — RaReReRuR;
Ri)(1 — RaReReRuRRi)RaReRyRuRiRx + (1 — RuRpReRiRy) (1 — RaRpReR;
Ri)(1 — RaRaRiRi) (1 — RaRqRiR) (1 — RaReReRuRiRi) (1 — RaReReRuR;Ry)

(1 — RaReR,RuRiRi)RaReRyRuR; R

The same polynomial in eq (3.1).



Chapter 4

Some Techniques to Address
Increasing Reliability of Mixed

Systems



46 M.Sc. Thesis

4.1 Introduction

In this chapter, we’ll talk about how to enhance the mixed system. Certain system
elements are clearly more significant than others in establishing whether the system is
operating properly. For instance, an element that is mixed in with the entire system would
be just as significant as any other element in the systems. A quantifiable estimate of the
significance of the system’s distinct elements might be beneficial. We must first construct
such a metric. The significance of criticality is an element significance metric that is
especially useful for prioritizing maintenance tasks [19]. Then we allocate the reliability
of the system using some methods, including the basic allocation method, minimum effort
method and ARINC approach method, and compare the methods to find out the best
method. Then we work to improve the reliability of the mixed systems by deriving the
reliability of the systems in relation to the main components of the system. We also do

redundancy of the components to determine the best redundancy before or after reduction.

4.2 Reliability Allocation

In a mixed system, overarching system properties, such as reliability, must be translated
into particular requirements for the multiple parts that making up the system. Reliability
allocation is the practice of allocating required reliability to specific units in order to
achieve the required systems reliability. The underlying inequality must be solved in

order to allocate system reliability [69].
F(R},R},...,R}) > R". (4.1)

Where,
R*: required reliability system.
R} i required subsystem reliability.

The above formula is modified for a series systems as.

R .R....R" > R". (4.2)
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If there are no constraints on the allocation, this equation theoretically contains an endless
number of solutions. The challenge is to devise a technique that produces a solution that
allows for allocating consistent and acceptable reliabilities. Reliability criteria derived
via an allocation mechanism might be more realistic, cost-effective, and consistent, than
those derived from subjectives techniques or crash programs launched in response to bad

field experiences [37].

4.3 Benefits of the Reliability Allocation Program

(1) The reliability allocations procedure makes it necessary for system designers and
developers to comprehend and build links among component subsystems and system
reliabilities.  This contributes to a better comprehension of the design’s core

reliability issues.

(2) Reliability must be considered with other systems criteria like cost, weights, and

performance aspects by the systems engineer.

(3) The reliability allocation system guarantees that the design, production processes,

and test methods are appropriate.

The allocation procedure is approximate, and the system efficiency characteristics allotted
to the subsystems, like reliability and maintainability, are utilized as guides to assess
design feasibility. If a system’s allotted parameters could not be satisfied with present
technologies, the system should be updated and the allocation reallocated [12, 71]. At the
initial levels of a system’s breakdown into its key subsystems, apportionment is most
useful. It’s especially important at this level since each main component is usually
generated by an agency or distinct division. The physically nature of the system has

a big impact on how deep down into the assembly we should go to meet our system needs.
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4.4 Subsystems Reliability Improvement

There might constantly be those subsystem for which reliability are recognized as in every
mixed system. In an age of rapid technological innovation, on the other hand, a complex
system may often include multiple components that will be utilized for the first time,
and no reliability forecasts can be made for these units. There might be multiple units
in the former group where reliability could be improved. At the same time, there might
be certain units that we choose to use without making any attempt to increase their
reliability [15]. This might be due to the fact that we have no plans to change the design
of these subsystems for a variety of reasons, including the expense of redesign, the lack of
alternatives, and the mission’s tight timeline. It is evident that such subsystems should
not be included in the reliability allocation process since we would be unable to integrate
the allotted values in any way. As a result, all like subsystem are recognized, and the
needed systems reliability target is split by the product of such subsystem reliabilities.
As a result, a novel target is set for the leftover units to achieve. Assume the system has
N subsystems, each with an R* reliability aim. Suppose there be m(< N) subsystems in
which the evaluated or predicted reliabilities are available, and reliability enhancements
are regarded achievable out of these N subsystems. Assume the remaining subsystems
(n = N —m) by their estimated or expected reliabilities [ |]. We must assign reliabilities
to these subsystems based on cost, mixed, and state of the art factors. The reliability
allocations issue for the group is covered in the following part, which is outside the scope
of this section. We need to divide the reliability objective into two sub-goals because we
propose to break down the issue of reliability allocations into two distinct subproblems
requiring m and (n = N — m) unit, respectively. The objective is calculated as (R*)™/N
for a first m elements and (R*)"/" for the last n elements in the second categories. For

ease of noting
Assume R = (R*)™/N (4.3)

also R" = (R*)W/N (4.4)
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As a result, the issue statement for these part are: Systems have m elements with projected
reliabilities of Ry, Ry, ...., Ry,. R is the intended systems reliability [44]. Assign revised
reliability values to Ry, R;,..., R’ . Three approaches to solving this challenge are

m

discussed below.

4.4.1 Basic Allocation Method

This strategy improves the dependability of each component subsystem in order to meet
the reliability target. The theory’s underlying principle is to reduce the failing rates of
every component by a similar factor [5].

A\: failing rates of the system.

\; anticipated failing rates for J™* subsystem.

M% allocated failing rates for J subsystem.

This method’s stages are as follows:

(1) If A is the failing rates of the system, necessary allocation unit failing rates \; must
be selected in order for.

NS LA < (4.5)

(ii) The fail rates are used to calculate relative units weight.

Aj

W' - —m . -
’ 23:1 /\j

(iii) Because W denotes the relative susceptibility of the J™ unit to fail and.
dwy=1 (4.7)
(*] = w]/\: .

(iv) If reliability values are to be allocated.
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Example 4.1 [ discuss the reduction system in fig(3.4) has four series with predicted
failure rate of.
Ao =0.09, A, =0.07, X, =0.05 X, =0.1

if system failure rate is desired to be 0.010 , allocation failure rates to four unites.

Solution

S = AaF A+ A+ A

= 0.09 4+ 0.07 +0.05 + 0.01

= 0.31
Therefore
Wy = 29 = 0.2903
Wy = 300 = 0.2258
Wy =382 =0.1613
Wy = 25 = 0.3226
Hence

i = 0.2903 x 0.010 = 2.903 x 1073
X; = 0.2258 x 0.010 = 2.258 x 102
A = 0.1613 x 0.010 = 1.613 x 1073

u

;= 0.3226 x 0.010 = 3.226 x 107*

4.4.2 Minimal Effort Method

In the prior methodology, every subsystem’s reliabilities were anticipated to increase
in order to meet the system reliability target. As a result, particularly high-reliability
elements will need to be enhanced. It is generally recognized that increasing the
dependability of such elements is prohibitively expensive [5, 13]. As a result, we will

explain an approach that has been shown to take little work under the specific assumption
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let.

Ry, Ry, R3, ..., R, be their single reliabilities, and the reliability of the system would be.
Rs - Rl.RQ.Rg. . Rn (49)

Let R} be the desired reliability for the system, and assume that R} is greater than R;.
We have now to increase the reliability of a minimum number of components to a value
such that the new reliability of the system becomes R?. To achieve this we proceed as

follows.

(1) The component’s recognized reliabilities were listed in increasing order. Suppose,

after doing so, that.

Ri<Ry<R;<...<R, (4.10)

(2) The first K components’ reliabilities in the equation R} = e =~ 1 — X' were
increase to the same value Ry. The reliabilities Ry, Ri12,..., Ry at the remaining
component are left unchanged [72]. For determining K and R the first is to calculate

the value of.

1

R T
- 4.11
|:R2XR3...R7L:| ( )

This is compared with R;. If
R T

—| >R 4.12
|:R2><R3...Rn:| ! ( )

The amount of R; must then be raised to R. The following stage is to determine the

quantity of.

R :
s 4.13
|:R3XR4...Rn:| ( )

This is compared with R,. If

R :
_ R 4.14
E | -5 o
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The amount of Ry must then be raised to R. This method is repeated until

2

> Ry (415)

.
Rk—H XRk+2 e Rn
Then Ry will also have to be increased to the value R. In general, K is the maximum
value of j such that.

RS

i=j+1

> R, (4.16)

Where R,,,; the reason for introducing R,,,; is to include the possibility. That in a system
it may be necessary to raise the reliabilities.
Ry, Ry, R3, ..., R, of all the n components to common higher value, whose maximum

value will be at most equal to R,,1 = 1.

Example 4.2 In this example we will modified mized system in fig (3.4) to find the
reliability allocation by this method and the system reliability is to be improved to value of

(0.75).

Solution

Let\ Ry = R, = 0.91

Ry =R, =093
Ry = R, = 0.95
Ry = Ry, = 0.90

Rs= R, x R, x R, X Ry,
= 0.91 x 0.93 x 0.95 x 0.90
=~ (.72
Ri <Ry <R3< Ry
0.90 <0.91 <093 <0.95
R = [R—] = [ OB ]T (.93

S
RoxXR3X R4 XRs5 0.91x0.93%x0.95x1

Since 0.93 > 0.90 the value of R; will have to be increased to Ry. Next
1
Ry = [oeB ] =0.92

0.93x0.95x1

Since 0.92 > 0.91 the value of Ry will have to be increased to Ry. Next
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1

Ry = (o] ° = 0.92

Since 0.92 < 0.93 the value of R3 will be left unaltered. Next
R; = [252]% = 0.93

Since 0.93 < 0.95 the value of R4 will be left unaltered.

Ri = RixR; x Ri;x R}
= 0.93 x 0.92 x 0.93 x 0.95

= 0.75

4.4.3 ARINC Approach Method

These components are, linked in series, independently of one another, exponentially
dispersed, and, share a common mission duration, according to the ARINC concept
developed by aeronautical research Inc. The process of selecting single element failing
rate becomes reliability allocation Af [5, 66]. The following weighting variables are used
to calculate Af. Which takes into consideration the chance of component failing (one of

the criteria mentioned above).

Ai

Wi = = 7
Zi:l Ai

i=1,2,....n (4.17)

Wherein J; is the element i failure rate as determined by historical information or forecast.
The variables represent the probability of failing. The higher the w; number, the more
likely the element will fail. As a result, the failing rates objective assigned to an element

must be proportionate to the weight value: apparently.
Al =wi A Ji=1,2, .. n. (4.18)

and

= ) (4.19)
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This is the element’s highest permitted failing rates. The relevant dependability objective

may be computed easily as follows.

R;(t) = exp(—w;\"t)  ,i=1,2,...n., (4.20)

Example 4.3 Suppose a communication system in fig (3.4) consists of four subsystems
a, p, u and k having consecutive failure rate A\, = 0.09 , A, = 0.07 , X\, = 0.05 and X
= 0.1 failing month, selecting the reliability required throughout (36) moths in service to
achieve total reliability it is (0.73).

Solution
VVi == 4)\i>\_ ) i:1727374
=1 "7
Wy = < 0.0 = 209 = 0.29

ST A 0.0910.07+0.0510.1 31

__ 007 _
Wy, =391 =0.22

__ 005 _
W = 3% =0.16

Wi = g5 = 0.32

Now, by using equation (4.19 ) we find A* where

In[R*(#)]
t

In [0.73] L
S = 8.741 x 1
5 8.741 x 10

A= —

By using equation (4.18) we get.

A =0.29 x 8.741 x 107% = 2.53489x 10~
Ar=0.22 x 8.741 x 107% = 1.92302x 10~*
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A= 10.16 x 8.741 x 107% = 1.39856x 10~
Ap=0.32 x 8.741 x 107% = 2.79712x 1073

Now, we find the reliability per component by using equation (4.20 ) we get.

R* (36) = exp(—2.53489x 1073 x 36) = 0.9127
R (36) = exp(—1.92303x 1073 x 36) = 0.9331
R* (36) = exp(—1.39856x 1072 x 36) = 0.9508
RE (36) = exp(—2.79712x 1073 x 36) = 0.9042

Now, the reliability at 36 months is.

R; (36) = R: (36) x R (36) x R% (36) x Ry (36)
= 0.9127 x 0.9331 x 0.9508 x 0.9042

= 0.73
Reliability required.

4.5 Comparison Between ARINC and Basic Allocation Method

We will compare between these two methods to find out the failure rate through the

example (4.1)

Table 4.1: Allocated method.

Basic Allocation method | ARINC Approach method
A5 =2.903 x 1073 A5 = 2.53489x 1073
Ar = 2258 x 107 Ar =1.92302x107?
A =1.613 x 1073 Af = 1.39856x 1073
A =3.226 x 1073 Ap = 2.79712x 1073

The ARINC approach method is better than the basic allocation method because
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allocating failures relative to the components in the ARINC approach method is less

than the basic allocation method as in the above table.

4.6 Importance of Reliability
In a system with n components, the reliability significance I of component i is defined by
(4.21)

The system reliability is Rg(t), the component reliability is, R;(t), and 0 is a partial
derivative [17, 63]. The reliability significance offered by this formula is calculated by the

element’s reliability as well as its location in the systems.

Example 4.4 Fig (3.1) shows a mized system with eleven items of equipment. We
attempt to determine the relevance of every system unit in order to understand how it
affects the system’s operation.

R,=091,R, =081,R. = 0.72, Rg = 0.71, R, = 0.7, Ry = 0.5, R, = 0.6, R, = 0.8, R; =
0.81,R; = 0.75, R, = 0.90

Solution

OR,(t)
OR,

=RaRiRk + RaRjRx + RpRcRiRik + RpRcRjRie — RaRiRjRi — RpRcRaR;

Ry — RpRcRaR; Rk — RoReRiR;Ri + ReR(RuRiRy, + ReReRuR; Ry + R
R RuRiRy + ReRgRuRiRi + RoRcRaRiR;Ri — RaReR¢RuRiRy — RaRe
ReRyRRi — RaReRRnRiRk — RqReRzRuR;Rx — ReRiRRuRiRy — Re
ReRzRuR;Ri — ReRiRRiR;Rx — ReR;RuRiR;Rx — RoRcReRiRuRiRy
— RpReReReRuR;Ri — RyReReRgRuRiRx — RyReReRgRuR; Ry + Ry

ReRiRyRuRiRx + RaReReRgRuR;Ri + RaRReRRiR;Ri + RaRc Ry
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RiRiR;Rx + ReReRzRuRiRiRk + RoRcRaReRiRLRiRx + RoRcRaRe
ReRuR;Ry + RoRcRaReRgRuRiRy + RoRcRaReRgRuR; Rk + RbRe
R.RiRRyRiRx + RoRcReRiReRuR; Ry + RpReReReRyRiRRic+
RpRcReRgRuRiRiRi — RaRRiRzRRiR;Rx — RoRcRaRReRRiR;
Ry — RoReRaReRiReRuRi R — RpReRqReRiRuRiR;Ri — RpReRaReR,
RuRiR;Rx — RoRcReReRzRRiR;Rx + RpRcRaReReRzRiRiR; Ry

= 0.66

OR,(t)
R,

=R.RcRiRk + RaRcRjRkx — RaRcRaRiRk — RaRcRaRjRk — RaRcRiRqRi+

RaRcRqRiRRi — RaRcReRiRuRiRi — RaReReR¢RuR;Ri — RaRcRe
RRuRiRk — RaRReRyRuR;Rx + RaReRaReRiRLRiRx + RaRcRaRe

RiRuR;Ri + RaRcRaReRgRuRiRy + RaRcRaReRgRLR; Ry + RaReRe

ReRgRuRiRi + RaRcReReRzRiR;Ri + RaReReReRLRiR;Rx. + RaRe

RRiR;RuRiR;Ry — RaRcRaReRiR;RRiR — RaRRaRRiRRuR;

Ry — RaRcRaReR¢RyRiR;R — RaRcRaReReRyRiR;Rk — RaRcRaReR,
RiRiR;Rk — R.RcRRiRRLRiR;Rq + RaRcRaRR:RRLR:R; R

= 0.08
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OR,(t)
IR,

OR,(t)
ORq
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=R.RpRiRk + RaRpRjRx — RaRpRqRiRx — RaRpRaRjRix — RaRpRiR Rk

+ R.RpRaRiR;Rx — RaRyReReRyuRiRi — RaRpRRiRLR;R — RoRy,
ReReRuRiRk — RaRbReReRuR;Ri + RaRpRaRRiRLRi Ry + RaRyRa
ReRiRuR;Rx + RaRbRaReRzRuRiRy + RaRpRaReRRLR; Ry + RaRy,
ReRiRRiRiRx + RaRpReRiRgRuR;Ri + RaRpReRiRLRiR; Ry + Ra
RpReR;RiRiR;Rx — RaRpRaReR¢RzRyRiRi — RaRpRaRRiRRuR;
Ry — RaRpRaReReRuRiR Ry — RaRpRqReRgRuRiRi Ry — RaRpReRs
RyRuRiR;Rx + R.RsRaRcRiR RuRiR;Ri

= 0.28

=R.RiRk + RaRjRk — RaRiRjRk — RaRpRcRiRk — RaRpRcRjRi + RaRpRe

RiR;Rx — RaReRiRpRiR — RaReReRyR;Ri — RaReRgRuRiRx — RaRe
ReRiR;jRy + RaReRiRgRiRiRy + RaRRiReRuR;Ri + RaRRiRR;
R;Ri + RaReRyRuRiR;Rx + RaRpRcRRRyRiRy + RaRpRcReR(R),
R;Ri + RaRoRcReRyRuRiRx + RaRpRcReRyRuR Rk — RaReRiR R,
RiR;Rx — RaRpRcReRiRRuRiRyx — RaRpReReRiR;RLRiR — RuRy R,
R.RiRyRiR;Rx — RaRbRcReR RuRiR R + RaRpRcRRRzRuRiR;
Ri

=0.18
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OR,(t)
R,

=R,RRyRiRx + RaRthRij -+ RaRthRiRk + RaRthRij — R.RqR¢

RyRiRy — RaRqRiRyR R — RuRaRgRiRiRx — RaRaRyRuR;Rx — RaRs
R,RyRiRy — RuRiRyRuR; Ry — RuRiRyRiR;Rx — RuRyRyRiR;Ri — Ra
RpRcReRuRiRk — RaRb R R RLR Rk — RaRpRcRuRgRiRk — RaRpRe R,
RyR;Ry + R.RaRiR,RuRiRy + RaRaRR,RuR;Ry + RaRaRiRuRiR;
Ry + RuRaR,RiRiR;Rk + RaRiRyRiRiR; Rk + RuRyRRqReRyRiRy
+ RuRyR.R4RiRuR;Ry + RoRyRRqRyRiRiRk + RaRyRRaR RuR;
Rk + RiRpRcReRgRuRiRik + RaRpRcReRgRuRjRi + RaRp R ReRu R
R;Ri + R.RyR.R,RuRiR;Ric — R\RqRiR,RuRR;Ri — RuRyR.R4RiR,
RiyRiRk — RaRpRcRaRiRRuR Rk — RaRpRcRaRfRyRiRjRx — RaRbRe
R4R,RyR:RRi — RuRyR.R:R,RuRRRi + RaRyRRaRiR RyRiR;
Rk
= 0.099

OR,(t)

IR, =RaReRuRiRk + RyReRuRjRk — RaRgReRnRiRk — RaRaReRuRjRi — Ra
f

R.RyRuR:Rx — RaRcR,RiR;Rx — R.ReRnRiR;Rx — R.RoRcRcRuRiRk
— RuRpReReRuR Ry + RaRqReRgRuRiRk + RaRaReRyRuR; Ry + Ra
RaReRuRiR;Rk + RaReRyRuRiR;Ri + RaRpRcRaRRyuRiRi + RaRy,
ReRaReRuR;Rx + RaRbRcReRyRLRiRx + RaRpRRR RuR;Ri + Ra
RpRcReRyRiR;R — RaRaReRuR,RiR;Ri — RaRpRcRqReR Ry RiRi—
RaRpRcRaReRgRuR; Ry — RaRpReRaReRuRiR; Ry — RaRpReReRgRa
RiR;Ry + R.RoRcRaR.RzRyRiR R

= 0.021
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=RaReRhRiRk + RaReRuRjRk — RaReReRuRiRx — RaReReRuRjRi — Ra

ReRuRiRRy — RaRpReReRuRiRx — RaRpReReRuR; Ry + RaRaReR(Ry,
RiRy + RaRaRcReRLR;Ri + RaRaRRuRiR Ry + RaRReRyuRiR;Ric+

RaRpRcRaReRuRiRy + RaRoRcRaRRuR; Ry + RaRbRcReRRuRiRy

+ RaRoRcReR(RLR Ry + RaRpRcReRuRiR;Ri — RaRaReRRuRiR; Ry
— RuRpReRqReRRyR Ry — RaRpReRaReRiRLR; Ry — RaRpReRaReRy,
RiR;Ry — RaRbRcReRiRLRiR; Ry + RaRpReRaReRiRLRiR; Ry,

=0.026

—RaReRiRiRy + RaReR¢R;Ri + RaReRgRiRk + RaReRgRiRi — RaRaRe

R,RiRx — R.RqRRR;Ri — RaRRiRzRiRi — RaRRiRgR;Ry — RaRe
ReRiRiRi — RaReRyRiR;Ri — RaRpReReReRiRy — RaRpReReReR;Ri—
RaRbRcReRgRiRk — RaRpRReR:R;Rx + RaRaRcR¢RzRiRy + R.Rq
ReRiReR;Rx + RaRaRRiRiR;Rx + RaRaRRRiR;Ri + RaRcRi R
RiR;Ri + RaRbReRaRRiRiRi + RaRpReRaReReR;Ri + RaRyReRa
ReReRiRi + RaRpRcRaReRgRiRi + RaRpRReRiRiRy + RaRpRRe
RiRgRiRi + RaRpRRRiRiR Ry + RaRpReRR RiRjRi — RaRaRcRy
R,RiR;Rx — RaRpRcRaReRiRRiRx — RaRpRcRaReRiRzRiRy — RoRy,
RcRqReR¢R,RR;Ri — RaRpRcRqRRzRiR;R — R.RpRRRiR R;
R;Ri + RaRbRcRaReRiRyRiR;Ri

= 0.996
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OR,(1) _

OR;

OR.(1) _

OR;

R.RqRx + R.RuR. Rk — RaRdeRk — R.RyRcRqRx — RaRbRCRij + R,

R.R¢RyRx + RaReRgRuRy + RaRpRRaR;Ry — RaRaReReRLR — RuRa
ReRyRiuRi — RaReRiRgRiuRi — RaReRiRuR;Rk — RaReRgRuRiRi — Ra
RyRcReR¢RuRy — RaRpRcReRRuRi + RaRaReRiR;RL Ry + R.RqR.
ReRuR;Ri + RaRaReRyRuR; Ry + RaReRiRgRiR;Ri + RaRpReRqRe
RiRuRi + RaRpRcRaRRoRiRy + RaRpRRRiRRi Ry + R R RR.
ReRuR;Ri + RaRbRcReRgRRiRk — RaRaReRiR,RuR;Rx — RaRyR,
RqReRRuR;Ri — RaRpReRqReRgRuRRi — RaRpReReRiRgRuR;Ric+
RaRpRcRaReRiRRLR; Ry

= 0.151

R.RaRk + RaRpReRi — RaRqRiRx — RaRpRcRaRk — RaRpRcRiRk + Ra

ReRfRuRk + RaReRgRiRi + RaRpRcRgRiRk — RaRaReReRyRx — RaRyg
ReRgRuRk — RaReRfRgRuRik — RaReRfRuRiRk — RaReRgRuRiRk — R,
RpRcReRfRLRKk — RaRpRcReRgRuRic + RaRaReReRgRiRic + RaRaRe
RiRuRiRk + RaRaReRgRiuRiRk + RaReReRgRuRiRk + RaRpRcRaRe
RiRpRk + RaRpRcRaReRgRL Rk + RaRpRcReReRgRi Ry + RaRpRcRe
ReRuRiRk + RaRpbRcReRgRuRiRkx — RaRaReReRgRiRiRk — RaRpRcRq
ReRfRgRuRk — RiRpRcRaRReRuRiRk — RaRpbRcRaReRgRuRiRk — Ra
RpRcReReRgRuRiRk + RaRpbRcRaRReRgRuRiRk

= 0.015
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ORk
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=R.RaRi + RaRgRj + RaRpRcRi + RaRpReRj — RaRaRiRj — RaRpRcRaR;

— R.RuRcRaR; — RaRbReRiR; + RaReReRuR: + RaReReRuR; + RaRe
R,RuRi + RaReRyRuR; + RaRpRRaRiR; — RaRqReRiRuR; — RaRaRe
RiRuR; — RaRaReRyRuR; — RaRaReRyRuR; — RaReRiRgRuR; — RoRe
RiRzRiR; — RaRRiRuRiR; — RaReRgRuRiR; — RaRpRcReRiRyRi—
RaRpoRcReRiRuR; — RaRpRcReRgRuR; — RaRpRcReRzRyR; + RaRa
ReRiRzRuR; + RaRaReReRgRiR; + RaRaReR:RLRiR; + RaRaR.R,
RuRiR; + RaReRiRRuRiR; + RaRoReRaReReRLR; + R.RpRcRaRe
RiRuR; + RaRpRcRaRReRiRi + R.RpRcRaR R RiR; + RaRpRR,
ReRgRuRi + RaRoReRReRgRuR; + RaRpReRRiRuRiR; + RaRoR.
R.R;RuRiR; — RaRaRRiRRRiR; — RaRoRcRaRRiRzRnR; — RuRy,
ReRqReRiRyRuR; — RaRpReRaRRiRRiR; — RaRpReRaReR Ry R;

R; — RaRpRRRiRRuRiR; + RaRpRcRaReRiRRuRiR;

=0.235
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If all units of given mixed system in fig (3.1 ) are independent identical, i.e.

R,=Ry,=... = Ry = 0.85, we get.
OR,
7 —2R*+ R*+ R — TR+ R"+7R® —5R% + R
= (.820
OR, =2R*— 3R>+ R® — 4R" + 8R® — 5R° + R
OR,
= 0.026
ggs =92R*— 3R>+ R® —4R" + 8R® — 5R? + R0
= 0.026
OF, =2R3>— R*—2R> —3R® +4R" + 3R® — 4R’ + R"
OR,
= 0.057
O, _ AR’ —8R® + R"+ 7R® — 5R® + RV
IR,
=0.024
OF, =2R> —5R® + 2R" + 4R® — 4R° + R'°
OR;
=0.003
OF, =2R> —5R® + 2R" + 4R® — 4R° + R'°
OR,
=0.003
OR
* = 4R’ —6R°+ R"+ TR® — 4R®
OB, + R+
=(.813
OF, = R>—4R% + 2R" + 4R® — 4R° + R"
OR;
= 0.107
OF, = R>—4R% + 2R" + 4R® — 4R° + R"
OR;
= 0.107
OR,
R = 2R*+R*+ R — TR+ R"+ 7R® —5RY + R
k

= 0.820
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Through the above derivation, we found that the compounds a, h, k are strong and the

compounds b, ¢, d, e, f, g, i, j are weak that need strengthening.

4.7 Redundancy

Redundancy is a method of design system that may improve reliability system. Assume
that the current condition of affairs makes it impossible or prohibitively expensive to
develop highly dependable components. In such instance, we may use the strategy of
incorporating redundancies to increase system reliability [60]. In a system, this entails
the purposeful construction of new parallel routes. When two elements with success
probabilities, P(a) and P(b), are linked in parallel, the probability P(a) or P(b) equals:
P(a or b) = P(a) + P(b) — P(a and b)
(4.22)
= P(a) + P(b) — P(a)P(b).

Suppose the components are selfcontained. Because P(a) and P(b) are both less than
one, its product is often smaller than either P(a) or P(b) . As a result, P(a or b) is
always bigger than P(a) or P(b) . When the element reliability cannot be raised, this
provides a straightforward approach to enhancing the system’s reliability. Despite one
of the parts is necessary for the system’s proper functioning, we purposely employ both
elements to boost the system’s chances of success, making it redundant [59]. Incorporating
redundancies into a system may be done in a variety of ways. This study will take a look

at a few of them.

4.7.1 Element Redundancy

Let a; be an element whose reliability is Ra;. Another element a, , with reliability Ras ,
is connected to it in parallel, if the system can operate with either a; or as , then as the
reliability of the system is Ra; + Ras — Ra; X Ras which is better than the individual

reliabilities of element a; and ay [18, 60].
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We do redundancy before reduction in fig (3.1). Reliability of components

65

R, =091,R, =081, R, = 0.72, Ry = 0.71, R, = 0.7, R; = 0.5, R, = 0.6, R;, = 0.8, R; =

0.81,R; = 0.75, Ry = 0.90

So that the reliability of the system before reduction is equal to (0.73).

1

— 1
a
| I
I
-
1

Lo
“)

Figure 4.1: Modified (a) of a mixed system.

Step 1
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S1=1-[(1—=Ry)(1—Ry)]
=1—[(1-0.5)(1—0.5)]
—0.75

S, =1-[(1—R,)(1—Ry)]
—1-[(1-0.6)(1—0.6)]
= (0.84

S;=1—[(1—Re) (L —Re)]
—1—[(1-0.7)(1—0.7)]
~0.91

Sy=1—[(1-Rq)(1—Ra)]
= 1—[(1-0.71)(1 — 0.71)]
=0.91

S; =1—[(1—Re) (1 —Re)]
=1—-[(1-0.72)(1 —0.72)]
= 0.92

Se=1—[(1—Ry) (1 —Ry)]
—1—[(1-0.81)(1—0.81)]
—0.96

Sy =1—[(1-Ry)(1—Ry)
=1—[(1—-0.81)(1 —0.81)]
—0.96

Se=1-[1-R)(1-R,)
—1—[(1-0.75)(1 — 0.75)]

=0.93

M.Sc. Thesis
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0.90

0.96 0.92 0.96
- 0.91 0.91
0.75

] 0.91 QU 0.8 | 0.93
0.84

Figure 4.2: Modified (b) of a mixed system.

Step 2
Sg = 0.96 x 0.92

= 0.88
S1o=1—[(1—0.75)(1 — 0.84)]

= 0.96
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0.88 — 0.96 =
- 0.91 0.91 - 0.90 =
—{ .91 j= 0.96 0.8 —1 .93 |
Figure 4.3: Modified (c) of a mixed system.
Step 3
8112091X096X08
= 0.69
0.88 0.96 |
—_ 0.91 0.91 - 0.90 }=
0.69 0.93 |

Figure 4.4: Modified (d) of a mixed system.
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Step 4
S12=1—[(1—-0.88)(1 —0.91)(1 — 0.69)]
=0.99
S13=1—[(1-0.96)(1 —0.93)]
=0.99
—] 0.91 0.99 0.99 0.90 |—

Figure 4.5: Modified (e) of a mixed system.

Rs = 0.91 x0.99 x 0.99 x 0.90

= 0.80

We do redundancy after reduction in fig (3.4 ). Consider fore element a, p, u and k with
reliabilities 0.91 , 0.93 , 0.95 and 0.90 what the resultant system reliabilities. For series
configuration with no redundancy
Rs = RaRpRuRx

= 0.91 x 0.93 x 0.95 x 0.90

= 0.72
For element redundancy
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a, P1 uy [ ki

Figure 4.6: Example of element redundancy.

Rs =R (a1 +as —a; x ag) R(p1 + p2 — p1 X p2) R (u; + up — uy x ug) R (kg
+koy — ky x ko)
= (0.91 +0.91 — (0.91)%) (0.93 + 0.93 — (0.93)) (0.95 + 0.95 — (0.95)?)
(0.90 +0.90 — (0.90)?)
= 0.97

Comparison between redundancy before reduction and redundancy after reduction.

It turns out that redundancy after reduction is better than before reduction.



Chapter 5

Conclusions and Future Works
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5.1 Conclusions

We concluded from this thesis that, with the right methods, it is possible to convert a
mixed system into a series system. Following the conversion, we worked on allocating the
reliability of the mixed system to increase its reliability by using three allocation methods
and selecting the best one, which is the ARINC approach method is better than the basic
allocation method because allocating failures relative to the components in the ARINC
approach method is less than the basic allocation method. We also worked to improve the
reliability of the mixed system by employing the redundancy technique, and after learning
about the weak and strong components, we concluded that redundancy after reduction is

preferable to redundancy before reduction.

5.2 Future Works

According to the foregoing ,future plans can be go on to the following developments:

1 . Increasing the reliability of the systems to increase the life of the system.

2 . Reducing the failure rate of systems.

3 . Increase the reliability of the series system by placing spacers between components.
4 . Finding quick and short ways to find the reliability of the mixed system.

5 . Finding allocation techniques to increase system reliability at the lowest cost.

6 . Find allocation techniques with a lower failure rate.
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