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Syllabus

Reliability Engineering

MODULE-I (6 HOURS)

Types of System, Qualitative and Quantitative assessment, Use of quantitative assessment, Reliability Definition and Concepts,
Reliability Indices and Criteria, Reliability and Availability, Absolute and Relative Reliability, Reliability Evaluation Technique,
Reliability Improvement, Reliability Activities in System Design & its Economics, Basic Probability Theory, Binomial Distribution
and its engineering applications.

MODULE-II (10 HOURS)

Network modeling concepts, Series & Parallel Systems, Series-Parallel System, Partially Redundant & Standby redundant
System. Modeling and Evaluation Concept, Conditional Probability Approach, Cut Set Method, Application and Comparison of
Previous Technique, Tie Set Method, Connection Matrix Technique, Event Trees, Fault Tree, Multi-Failure Mode.

MODULE-III (8 HOURS)

Distribution Concept & terminologies, General Reliability Function& their evaluation techniques, Shape of Reliability Function.
The Poison Distribution & the Normal Concept, Exponential, Weibull, Gamma, Rayleigh, Lognormal and rectangular
distributions, Data Analysis, System Reliability Evaluation of different kinds of Using Probability Distributions, Mean Time to
Failure, Wear out And Component Reliability, Maintenance And Component Reliability.

MODULE-IV (8 HOURS)

Discrete Markov Chains: General Modeling Concept, Stochastic Transitional Probability Matrix, Time Dependent Probability
Evaluation, Limiting State Probability Evaluation, Absorbing States, Application of Discrete Markov Technique.

Continuous Markov Process: General Modeling Concept, State Space Diagrams, Stochastic Transitional Probability Matrix,
Evaluating Limiting State Probabilities, Evaluating Time Dependent State Probabilities, Reliability Evaluation in Repairable
System, Mean Time to Failure, Application of Technique To Complex System.

MODULE-V (7 HOURS)

Frequency andDuration Technique: Application to Multistate Problems, Frequency Balance Approach, Two Stage Repair and
Installation Process. Approximate System Reliability Evaluation. System with Non-Exponential Distribution. Monte Carlo
Simulation.




Text and Reference Books

Recommended Text Books:

1. Roy Billinton, Ronald N. Allan. “Reliability Evaluation of Engineering
Systems”Second Edition.
Reference Books:

* Gupta A.K., Reliability, Maintenance and Safety Engineering. University
Science Press.




Other Important References

Reference Sites:

1. NPTEL, The National Programme on Technology Enhanced Learning
(NPTEL): https://nptel.ac.in/

2. MIT OpenCourseWare : https://ocw.mit.edu/index.htm

3. https://www.youtube.com/channel/UCO0ISZ4dMZclIBelzjZVRZhJw/videos

[Gyan Ranjan Biswal (@gyanranjanbiswal5649]




Course Outcomes

Upon successful completion of this course, you (students) will be able to

CO1 |Define the basic terms in reliability engineering concepts.
eors Construct and implement the network modelling of simple and
complex systems.

Evaluate probability distribution for reliability of a system.
000" Incorporate discrete and continuous Markov processes for reliability
evaluation.

Express competence on approximate reliability evaluation techniques.

VSSUT, Burla Network Theory Dr. Gyan Ranjan Biswal
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IV. ANALYSIS FRAMEWORK

Since modeling is an extensive and resource consuming task
it is of high importance that the tool, in this case the PRM,
does support the modeler’s needs with precision. The PRM
presented in this paper is a modification of the ArchiMate €
metamodel [22]. Entities irrelevant to the field of SA have ¥
been removed, and appropriate attributes and attribute relations
describing availability have been added. o s ._.\o_b"“'\

> 9‘ AT
- . = !:K e \’\*—J M"l"(_( ;-fA (_ _rP\
A. Defining Availability PRYE - il

- : - |
c '_'____,L:j_’_'

e il

The attribute of availability is, in accordance with [23]
defined as the proportion of time a system, or a system
component, is expected to be available during the operation
window. Availability is assessed through the variables of Mean
Time To Failure (MTTF) and Mean Time To Repair iMTTR):

MTTF
MTTF + MTTR
According to the cquation, availability of a system or a
system component can either be improved by reducing the
mean time to failure or improving the mean time to repair.

Availabilily =

VSSUT, Burla Reliability Engineering Dr. Gyan Ranjan Biswal



‘Six Stage Redundant Structure’-HCS
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Note: Instrumentation symbols are referred as per specifications
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of ISA (The International Society of Automation).
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Schematic Diagram
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** Increased system reliability;
+» Lesser chances of failure ;

“* Minimum time for maintenance (Weibull reliable life), Tz and Tg,...,

s Improved mean time to repair (MTTR), and

+* Lesser hazard rate as against the existing systems, indicate that the
process life of the proposed models are longer than that of existing
systems.

X4 G. R. Biswal, R. P. Maheshwari, and M. L. Dewal, “Modeling, Control and Monitoring of S®RS based Hydrogen Cooling System in
Thermal Power Plant,” IEEE Trans. Industrial Electronics, Vol. 59, No. 1, pp. 562-570, Jan. 2012.



System Reliability of the Existing versus the Proposed HCS

System Reliability

Systems Symbol Redundancy function of the (in
system percent )

Hargrove et al. Rl Ry -Rrg-Ryp1- Rygs 57.60
Kritzfeldt and Musil R2 R.,-R, R, 'Ry 69.11
Blatter et al. R3 R, ‘R, 'R/; .R7 79.62
Adelmann et al. R4 R -R.-R -R -R, 50.68
Brosnihan et al. RS R, R Ry, 64.79
Radl R6 R Ry Ry Ry 51.20
Lower Redundant scheme Ry R, R, ’Rﬂ 'Ry 90.46
Higher Redundant scheme R7hr R, -R, -Rﬁ -Ry 91.93




R(1)=e ", h(t)=(B/n)*(t/n)""

t

—|n(t)dt

RO =Y ([hodryer @y =3 L

| —ht
‘e

!

If, ‘P’ and ‘Q’ are two components of a system, the series and hot redundancy between components are evaluated by.

R,(1)=1-(1-R(@)" \ h(@)=hy-[c(O)) ™ +h,
R () geies = Rp * R, ( H(O) =[h ()] +h, 7(0)

=[hr(t)] +h,t
ms(t)hot/ﬂ =R, || RQ =1-{(1-R;,)* (I_RQ)}/

*The reliability factors of reservoir {0.0-0.9}

*The reliability factors of heat exchangers {0.0-0.8}

*The reliability factors of super insulated vacuum line (SIVL)  {0.0-0.95}




¢ S2HRS-HCS (Six Stage Hot Redundant Structure — HCS)
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Fault Tree Analysis

L)

L)

L)

L)

In the work presented, the FTD (fault tree diagram) has been employed to
take a lead role of on-line health monitoring of the system by evaluating the
performance of the proposed HCS in terms of system failure.

It has much lesser chances of failure as against chances of failure of the
existing systems due to more of if-else conditions. Lesser chances of system
failure reflect better efficiency and lesser maintenance requirement on the
system.
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Fault Tree Diagram

HCS fails

32 Bar | 8 Bar 4 Bar
No Power Rta and SIVL Process units HXE:s failed to HXEs failed to
Supply blocked failed Pressurized Depressurized
&)
160 Bar 64 Bar

Active mode Hot mode

fails fails
16 Bar 16 Bar
| | | |
On/Off valves Control valves Control valves On/Off valves
failed failed failed failed
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F,.=F,6ANDF,, F,=F,,

Wby = Fyp g AND Fypp, By = Frypy  AND Fyypo g
wF,=F,ORF,,F,=F,ORF,., >
S F =F ANDFT,F :FHE3AANDFHE3B=F7
(t)=F, ORF, ORF ORF Flr
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F,=F, ORF, =F, +F,~(F, *F,)
. Fy=F ORF,={F, +F,—(Fy *F )\ +F, —{F\ *F, +F, *F,—(F, *F,*F})}

" F,=F,ORF, = {Fy +F,~(F *F)} + F,~{F, * F, + F,*F,~(F, *F,*F)}
+F, —{F * F,*F, +F, *F,%F —F, *F, * F,*F }




N

T, =n*{~In[R(T)]}", if R(T,)=0.5; T, =T
h(t) :l_e—(t/MTTR) &

T = _MTTR * {In[1-A(1)]}

The exact expressions of Tu=MTTF=MTBF, T=T,_and 7 =T, are as follows:

T, =MTTF=MTBF=77*F(%B+1)=TR(t)dt
T=T =1 *(In 2)1/ﬁ’ o h(f) =1-— o1/ MTTR)

m

T=T  =n*{1-1/B” for B>1; 0 otherwise
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